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v

The clinical features of the major forms of Inflammatory Bowel Disease, Crohn’s disease and 
ulcerative colitis, have been generally well known for decades. After a long period in which 
advances in our understanding of the causation and pathogenesis of inflammatory bowel dis-
eases remained painfully slow and, in parallel, improvements in management were at best 
incremental, the momentum of progress has accelerated over the past several years, making a 
textbook that draws together the full continuum of these advances timely.

The recent pace of progress in understanding the underlying pathogenesis has been espe-
cially remarkable. This has been possible because of more powerful methodological approaches 
as well as a growing community of investigators focused on these disorders and the basic 
processes associated with them. Progress in recent years has been rapid along a number of 
fronts, and a general paradigm has emerged to suggest that these disorders result from altera-
tions in the host response to the microflora present within the GI tract. These host responses 
comprise the collective functional integrity of the mucosal epithelium and the complex set of 
innate and adaptive immune responses. While many details remain to be fleshed out, molecular 
pathways intrinsic to the interactions and functional regulation of these responses have been 
identified and it is clear that for many the “set point” is determined by the genotypic variations 
at dozens of susceptibility genes. Undoubtedly surprises remain. History suggests the skeptic 
of any entrenched dogma has a good likelihood of eventually being proven right. However, this 
paradigm or model has proven a powerful context to ask better questions that should eventuate 
in more complete answers about the causation and pathogenesis of inflammatory bowel dis-
eases. Progress in understanding of the basic processes underlying the development of inflam-
matory bowel diseases should be an engine for still more effective therapies as well as 
diagnostic tools to facilitate management.

On the clinical front, the global epidemiology of inflammatory bowel diseases continues to 
evolve. While incidence and prevalence plateaued after a long period of steady rise in those 
regions that remain highest, Europe and North America, other areas of the world are seeing a 
characteristic pattern of increases in the frequency of ulcerative colitis followed pari passu by 
increases in Crohn’s disease. Clinicians caring for these patients cannot be complacent. There 
is more information that needs to be incorporated into management decisions and, most impor-
tantly, much more to offer patients. Improvements in management include evolving surgical 
approaches and, in some instances, alternative interventions via endoscopy offering efficacy 
with less morbidity. Advances in nonsurgical medical therapy have had an even greater impact 
on treatment of IBD patients. These include categorically new agents, which have been devel-
oped on the basis of advances in our understanding of mechanisms relevant to the pathogenesis 
of these disorders. As exemplified by anti-TNF agents, the age of biologics has arrived. Given 
that understanding of pathogenesis is still progressing rapidly, one can anticipate that more and 
more effective agents will yet be forthcoming.

These advances have resulted in greater complexity in good decision-making. Those caring 
for these patients should welcome this complexity in so far as it reflects the possibility of find-
ing management strategies better tailored to the specific needs of an individual patient. The 
opportunities to make more confident management decisions, if not initial diagnosis as well, 
have also become both more complicated and more promising with the advent of new imaging 
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modalities (both “radiologic” and “endoscopic”) as well as various biomarkers. While it is not 
yet clear how specific susceptibility genotypes might be best used clinically there is, in con-
cept, the possibility of more definitive diagnosis after decades in which diagnosis has remained, 
in the final analysis, an empiric process.

In these general reflections on recent progress are clear indications of the timeliness for a 
textbook that endeavors to bring these new advances into better focus. The editors have 
embraced this ambitious goal and assembled an outstanding group of authors who have been 
at the forefront of much of this progress. This volume provides both the clinician and the 
scientist with an understanding of the most recent advances as well as the context for each of 
them to be pursuing their mission of caring for patients and advancing our knowledge, respec-
tively. However, these general reflections also come with an embedded caution. Clinicians 
will recognize that even with this progress, unmet needs persist and there remain many 
patients for whom current approaches are simply not good enough. The scientist will recog-
nize how still incomplete our understanding of these diseases remains. So, this textbook pro-
vides a powerful tool to ensure that clinicians can provide today’s best care and scientists can 
pose today’s best questions. One can only hope that within a few years the next volume will 
be ready to be written.

Professor of Medicine Daniel K. Podolsky
President of the University of Texas Southwestern Medical Center
Dallas, TX, USA  
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Crohn’s disease and ulcerative colitis—two chronic inflammatory diseases (IBD) on the rise—
result from an inappropriate immune response, in genetically susceptible individuals, to micro-
bial antigens of commensal microorganisms. This inappropriate response is promoted by 
certain environmental factors including Western life style, explaining their globally increasing 
incidence. As a systemic disorder of the immune system, IBD manifest itself primarily in the 
gastrointestinal tract but can affect all of the organ systems of the human body. Thus, not only 
gastroenterologist, but many other clinicians are confronted with IBD.

On the other hand IBD is an excellent example of how the exponential growth of knowledge 
in biomedical science can make a remarkable impact on clinical practice and patient’s quality of 
life. The number of novel and targeted treatments is growing rapidly. They are continuously 
being refined to treat not only the two original conditions of the gut but also the variety of asso-
ciated immune disorders. New therapies are sometimes complex and associated with important 
risks requiring a deeper understanding of their molecular principles from clinicians.

This book continues to serve as a unique combined resource for physicians and scientists 
addressing the needs of both groups. It is meant to help stimulate exchange and collaboration, 
shorten the path between discovery and clinical application, and also help clinicians under-
stand new therapeutic concepts from their origins.

The great success of the first edition confirms our concept. It encouraged us to not only 
bring all chapters up to date but also include new scientific and clinical trends in new 
chapters.

I’m grateful to my colleagues from all over the world who took out time out of their busy 
days to contribute new and updated chapters in their respective fields of expertise to make 
accomplishing the goals of this book possible.

Berlin, Germany Daniel C. Baumgart 

Preface to the Second Edition 
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Crohn’s disease and ulcerative colitis—two chronic inflammatory diseases (IBD) on the rise—
result from an inappropriate immune response, in genetically susceptible individuals, to micro-
bial antigens of commensal microorganisms. This inappropriate response is promoted by 
certain environmental factors including Western life style, explaining their globally increasing 
incidence. As a systemic disorder of the immune system, IBD manifest itself primarily in the 
gastrointestinal tract but can affect all of the organ systems of the human body. Thus, not only 
gastroenterologist, but many other clinicians are confronted with IBD.

On the other hand IBD is an excellent example of how the exponential growth of knowledge 
in biomedical science can make a remarkable impact on clinical practice and patient’s quality 
of life. It has led to the development of a number of novel targeted and tailored treatments. 
These are continuously being refined to treat not only the two original conditions in the gut but 
also the variety of associated immune disorders. New therapies are sometimes complex and 
associated with important risks requiring a deeper understanding of their molecular principles 
from clinicians.

This book is intended to serve as a unique combined resource for physicians and scientists 
addressing the needs of both groups. It is meant to help stimulate exchange and collaboration 
and shorten the path between discovery and application of new knowledge and also help clini-
cians understand new therapeutic concepts from their origins.

I’m grateful to my colleagues from all over the world who contributed chapters in their 
respective fields of expertise and made accomplishing the goals of this book possible.

Berlin, Germany Daniel C. Baumgart 
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Environmental Factors 
in the Epidemiology of Inflammatory 
Bowel Disease

Morten H. Vatn
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 Introduction

The occurrence of IBD has been increasing in Western 
Europe and North America [1, 2] over several decades after 
the Second World War. It has been assumed that socioeco-
nomic factors represent the most important explanation for 
this increase [3]. A part of this increase may have been 
related to more awareness and recognition of the diseases, as 
well as generally better registration in all countries.

It is important to realize that the general acceptance of 
endoscopy as the main internationally accepted diagnostic 
procedure is quite young, and that we may divide the history 
into a pre-endoscopic area before 1970, an early endoscopic 
period between 1970 and 1990 characterized by a relatively 
large heterogeneity among studies, and a post-endoscopic 
period from around 1990, whereafter a widespread distribu-
tion of equipment and skills of endoscopy enabled all coun-
tries to perform uniform diagnostic procedures (Table 1.1). 
Moreover, after this point in time, most international studies 
have been performed according to generally accepted defini-
tions and criteria of diagnosis [4].

However, even if we generally include only endoscopy- 
based studies, the heterogeneity of even the Western materi-
als is striking and difficult to compare, regarding incidence, 
prevalence, and subtypes. One important reason for this is 
the selection of cohorts in the different countries. In most 
centers, the registration of IBD has been hospital based, by 
which the type of recorded patients were depending on the 
level of each hospital in the health-care system of each coun-
try, including access to health care. Additionally, great varia-
tions exist in the recording systems, both between hospitals 

and between countries, and in how well the patients were 
characterized on the basis of first or later admissions [4, 5]. 
The centers which have achieved most experience in IBD are 
second or third line hospitals with large databases, including 
patients with relatively more complicated disease [6–8].

In population-based studies, in which the cohorts better 
represent the total number of patients with IBD in an area, 
increased number of patients are recorded with light to mod-
erate disease and less complications, and with a relatively 
higher age at diagnosis [8–14].

In spite of the variation in incidence and prevalence of 
IBD between the Western countries, the recognition of 
increased occurrence has been a common feature (Figs. 1.1 
and 1.2). Although follow-up studies have given increased 
knowledge of outcome of disease, repeated prospective stud-
ies on incidence have only recently been performed [9], and 
mostly in children (Figs. 1.3 and 1.4; Tables 1.2 and 1.3) [15, 
16]. These studies tend to suggest that the incidence of CD 
may still be increasing in the Western world, despite signs of 
a stable frequency of UC in the same cohorts [15–17]. In 
spite of the reported higher incidence rates of CD than of UC 
from Canada and the middle of Europe, UC is the predomi-
nant phenotype of IBD in the rest of Europe. Moreover, stud-
ies from certain areas of Northern [18, 19] and Eastern 
Europe [20], as well as New Zealand [21], may suggest that 
UC is still increasing among adults.

When looking for a cause relationship behind CD and 
UC, the environmental factors of importance mainly seem to 
be related to the Western lifestyle. Nevertheless, the varia-
tion in lifestyle, between countries and areas within coun-
tries, is great. Additionally, the emerging increase in 
prevalence reported from outside the Western countries, 
makes the focus on environmental factors even more impor-
tant. A burning question is therefore, whether certain specific 
risk factors for the development of IBD are related to 
increased socioeconomic status, regardless of geography, 
and in addition to public awareness and access to health 
care? Additionally, we have to bear in mind that in diseases 
like IBD, with a multifactorial etiology, different risk factors 
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may cause imbalance of the environmental–host relationship 
in different parts of the world. Suspected consequences of 
industrialization might not necessarily be relevant for dis-
ease development in different geographic regions, although 
our traditional reductionism of logic thinking tends to look 
for a simplified explanation for cause relationships.

In the following, it seems necessary to relate environmen-
tal factors to the reported occurrence of IBD in the different 
geographic areas, and thereafter discuss the degree of poten-
tial risk factors of disease present in each specific region, to 
the best of our present knowledge.

 Geography

 Variation Between Countries

The fact that IBD occurs with the highest frequency in the 
Western world is undisputable, and the experience is based 
on hospital materials from the large centers in Europe and 
North America. These areas also have in common that 
remarkable increasing prevalence rates have been recorded 
during the second half of the twentieth century [1, 2] 
(Figs. 1.1 and 1.2).

In addition to that, differences between regions of Europe 
and North America have been recorded. In Europe, a North–
South gradient for incidence rate, phenotype, and recurrence, 
has been demonstrated [10, 22, 23] based on modern diag-
nostic procedures and prospective follow up.

Interestingly, the highest incidence rates of both the North 
and South of Europe have been demonstrated in the islands 
of Iceland and Faroe Islands [10], and the islands of Crete 
and Sicily and Mallorca [10], respectively (Fig. 1.5). This 

might raise interesting questions regarding both genetic and 

environmental explanations. Recently, also high incidence 
rates of IBD have been reported from New Zealand and 
Australia (Wilson J, Hair C, Knight R. High incidence of 
inflammatory bowel disease in Australia: a prospective 
population- based Australian incidence study. Inflamm Bowel 
Dis 2010;16:1550–6), which may contribute to this discus-
sion. In Japan, most of the experience in IBD is based on the 
reports from large hospital-based centers, all reporting on 
increased prevalence rates, although definitively much lower 
than in the Western world [24]. Some reports have also come 
from South America [25].

Racial differences of IBD prevalence rates have been 
reported from North America [26], showing much lower 
rates among Hispanic and Asian people compared to whites 
and African Americans. High prevalence rates for Crohn’s 
disease and ulcerative colitis have also been shown for North 
American Ashkenazi and Israeli Jews [27, 28]. The sug-
gested effect of ethnicity on disease location, complications, 
and anticipation may be partly explained by genetic and 
environmental factors [25–27].

Developing regions have traditionally reported lower 
prevalence of IBD, which seems to increase, probably as a 
consequence of a rising incidence of IBD in many of these 
nations, such as India and China, as they have become indus-
trialized [29, 30].

Furthermore, migrant studies have demonstrated that 
individuals immigrating from regions with low prevalence to 
countries with higher prevalence rates are at an increased 
risk for developing IBD, particularly among first and second 
generation children [30, 31].

In the USA, also, a North–South gradient has been shown 
by hospital-based registrations [6, 32, 33], whereas in 
Canada, an East–West gradient has been demonstrated in a 
nationwide comparison [13] (Fig. 1.6). Moreover, the 
population- based registry of Manitoba, Canada [13] has 
demonstrated some of the highest incidence rates of IBD in 
the world.

In the population based ECCO-Epicom study (Burisch J, 
Pedersen N, Cukovic-Lavka S, et al. East-West gradient in 
the incidence of inflammatory bowel disease in Europe: the 
Ecco-Epicom inception cohort. Gut 2014;63:588–97), an 
east–west ratio was demonstrated for Europe, with the high-
est incidence rate in Western Europe. Recent review articles 
have reported on global variability in IBD and environmental 
risk factors in adults (Ng SC, Bernstein CN, Vatn MH, et al. 
Geographic variability and environmental risk factors in 
inflammatory bowel disease. Gut 2013;62:630–49; 
Moledecky NA, Soon IS, Rabi DM, et al. Increasing inci-
dence and prevalence of inflammatory bowel disease with 
time, based on systematic review. Gastroenterology 
2012;142:46–54) and children (Benchimol EI, Fortinsky KJ, 
Gozdyra P, et al. Epidemiology of pediatric inflammatory 
bowel disease: a systematic review of international trends. 

Inflamm Bowel Dis 2011;17:423–39).

Table 1.1 Registration of IBD

Possible causes for change over time

• Before 1970

– Retrospective data

– Hospital based

– Cross-sectional studies

– Unclear definitions

– Pre-endoscopic period

• After 1970

– Early endoscopic period

– Defined populations

– Prospective registration

– GP/hospital based

• After 1990

– Endoscopy-based diagnosis

– International criteria

– Subgroups: proctitis/indeterminate

– Controlled on specialist level

– Follow-up controls

– Possibility for “case–control” studies

M.H. Vatn
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 Variations Within European Countries: 
Population-Based Studies (Fig. 1.7)

In Europe, great differences have been reported regarding 
variation in frequency of IBD between centers within coun-
tries. In Greece, the island of Crete showed a markedly 
higher incidence of IBD compared to Joannina in the North 
[10] similar to a higher incidence in Sicily compared to the 
North of Italy [10]. Based on comparisons on the Italian 
 continent, also a North–South gradient is indicated, similar 
to a North–South gradient in Portugal and Spain [10].

In France, a higher incidence and prevalence in the North 
compared to the South has been reported, based on a partly 
hospital-based Nationwide registry [34].

Within Germany, Spain, and the UK, national variations 
based on direct comparisons have not been reported, although 
variations between single center studies are obvious within 
countries. High incidence rates have been reported from 
Ireland, Scotland, and the Netherlands compared to the UK 
and Western Germany [10]. Many of these differences, how-
ever, might be explained by variation in type of cohorts and 
organization of health care.

From Denmark and Norway, generally high incidence 
rates have been reported in population-based studies [1, 10–
12]. In Norway, similar incidence rates have been shown 
between the Northern [35], Western [36], and the South- 
Eastern part [12], whereas great differences were shown 
between counties for the two latter areas compared to a more 
even distribution within the former [35]. This could be 
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Fig. 1.1 Temporal trends in 
incidence rates (cases per 100,000 
person-years) of Crohn’s disease in 
selected areas (Olmsted County, 
Minnesota; Cardiff, Wales, UK; 
Rochester, New York; Iceland; 
Aberdeen, Scotland, UK; Helsinki, 
Finland; and Florence, Italy). 
[Reprinted from Gastroenterology; 
126(6). Loftus E. Clinical 
epidemiology of inflammatory 
bowel disease: incidence, 
prevalence, and environmental 
influences: 1504–17. ©2004 with 
permission from Elsevier]
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Fig. 1.2 Temporal trends in 
incidence rates (cases per 100,000 
person-years) of ulcerative colitis 
in selected geographic regions 
(Olmsted County, Minnesota; 
Rochester, New York; Iceland; 
Florence, Italy; Malmo, Sweden; 
Heraklion, Crete, Greece; and 
Seoul, South Korea). [Reprinted 
from Gastroenterology; 126(6). 
Loftus E. Clinical epidemiology of 
inflammatory bowel disease: 
incidence, prevalence, and 
environmental influences: 1504–17. 
©2004 with permission from 
Elsevier]
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Fig. 1.3 Incidence of CD in children (Table 1.2)
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Fig. 1.4 Incidence of CD in children (Table 1.3)

Table 1.2 Incidence of pediatric IBD in the Nordic countries

Country Year Incidence of CD Incidence of UC N

Norway (IBSEN) 1990–1993 2.7 2.0 29 <16 years

Norway (AHUS) 1993–2004 2.8 3.9 49 <16 years

Norway (IBSEN II) 2005–2007 6.7 3.9 48 <16 years

West Norway 1984–1985 2.5 4.3 27 <16 years

Denmark 1998–2006 3.1 1.6 50 <15 years

Sweden 1990–2001 4.9 2.5 152 <16 years

Finland 1987–2003 1.9 3.9 604 <18 years

1 Environmental Factors in the Epidemiology of Inflammatory Bowel Disease
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explained by a generally mixed urban rural population in the 
North and a better separation between urban and rural areas 
in the two others. Both the Western and South-Eastern part 
showed a generally higher incidence rate in the scattered 
rural populations, opposite to previous international experi-
ence, in which urban areas have been considered to be areas 
of increased risk of IBD.

An explanation for this discrepancy within the literature 
might be that different risk factors are acting concomitantly 
within an area in addition to the existence of different risk 
factors between areas. One should not, however rule out the 
possibility of variations in efficiency and quality of registra-
tion between areas.

In Norway, the counties with most scattered and rural 
populations were also the areas with only one hospital, in 
contrast to the many recording hospitals and multidisci-
plinary doctors in the cities. This gave a variation in inci-
dence rate between 17/100,000 in Oslo and 28/100,000 in 
the scattered populated area of Aust Agder, with one hospital 
in the only city of the county.

These data may provide evidence for the importance of 
access to health care and awareness of the population under 
examination. To increase the understanding of the complex-
ity of this problem, one might add, that the area with the 
highest incidence of IBD, had the highest increase in socio-
economic status during the decade prior to the incidence 

Table 1.3 Incidence of pediatric IBD in Europe

Country Year Incidence of CD Incidence of UC N

Scotland 1981–1995 2.5 3.8 665 <16 years

1980–1990 2.2 107 <16 years

1990–1999 4.4 107 <16 years

Iceland 1990–1994 8.5

Wales 1996–1997 1.36 2.6 38 <16 years

1996–2003 3.6 5.4 39 <16 years

England 1998–1999 3.1 5.2 739 <16 years

Czechoslovakia 1990–1999 1.25 470 <15 years

1999–2001

North France 1988–1999 2.3 3.1 509 <17 years

Netherlands 1999–2001 2.1 7.3 220 <18 years

Fig. 1.5 Global incidence of IBD
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study, as measured by the number of individuals obtaining 
higher education. Although a much higher level of education 
was seen for Oslo, this level had been stable during the previ-
ous decades. With this respect, a factor that might be of 
importance in the Western societies is the increasing rate of 
immigration. Recent reports from the UK, reported on an 
unexpected high prevalence rate of IBD among immigrants 
from Southeastern Asia [37].

 Relationship Between UC and CD

Although a change in socioeconomic level seems to be a 
common risk factor for UC and CD, it is important to  
note that these diseases may react quite differently, not 
only genetically, but also to environmental risk factors.  
A solid background of geographic examinations is therefore 
important.

In addition to variations between countries and regions 
regarding incidence and prevalence of IBD in general, the 

ratio between UC and CD has also shown geographic 
 variations. A generally higher incidence rate for UC than 
for CD has been shown both in the North, East and the 
South of Europe, but with a smaller difference in the South 
[9]. In Canada and the USA, however, CD seems to occur 
with a higher frequency than UC [13], similar to Northern 
France [10]. Since this now also seems to be the case for 
Southern Germany [38] and parts of Eastern Europe [20] 
(Sjucic BM, Vuculic B, Persic M, et al. Incidence of inflam-
matory bowel disease in Primorsko-Gromska county, 
Croatia, 2002–2004: a prospective population based study. 
Scand J Gastroenterol 2006;41:437–44), we may no longer 
describe this as a French enigma, but rather as a tendency 
for middle Europe. The variation in ratios of UC/CD 
between countries and areas might reflect differences in 
environmental risk factors, although genetic predisposi-
tions may occur. It might be interesting to note that in 
Europe, the incidence of NOD2 mutations seems to be 
highest in the middle part, corresponding to the region with 
an increased CD to UC ratio.

Fig. 1.6 Incidence of IBD in the USA

1 Environmental Factors in the Epidemiology of Inflammatory Bowel Disease
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Although unsolved questions exist regarding patterns of 
IBD in Europe, the risk factors and frequency of IBD in 
Eastern Europe must principally be regarded as related to the 
same socioeconomic trends as the rest of the continent and 
North America, in contrast to the developing countries. It is, 
therefore, relevant to discuss the environmental risk factors 
of IBD generally for the whole Europe as one area.

The question if the incidence and prevalence rates of IBD 
still are increasing is generally an unsolved question in most 
parts of the world. The reasons for this are different in the 
Western world compared to the developing countries. In the 
USA and Europe, few data exist based on comparable pro-
spective studies performed during different time periods 

within the same area. A study from Copenhagen may suggest 
that the incidence of CD in adults is still increasing during 
the last decade [9]. In children, however, studies from several 
countries have suggested that the incidence still is increasing 
for CD but not for UC [15, 16]. The relationship between this 
increase and immigration is unclear, but studies on the risk of 
acquiring IBD among first-generation immigrants are under-
way. In a recent study from Oslo [17], the incident cases of 
CD representing first-degree immigrants from developing 
countries were partly responsible for the 100 % increase in 
incidence of CD over the last decade. To what extent the shift 
of environment has an impact on the development of IBD 
will have to be focused in the future.

Fig. 1.7 Incidence of IBD in Europe—adults

M.H. Vatn
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The geographic difference between the North and South 
of Europe was the same for UC as for CD [10, 22, 23], also 
with regard to outcome and complications. For the above-
mentioned reasons, it is not quite clear if the incidence of UC 
has stabilized or in some areas still is changing. A recent 
study from Finland indicates a dramatic increase in UC, 
based on partly population-based data from a regional regis-
try. For all registry-derived data, some uncertainty exists, 
regarding reliability of the recording system over time. On 
the other hand, since recently also an increase of UC has 
been suggested in Hungary, a combined causality of environ-
mental factors and ethnicity could explain a parallel increase 
in Finland and Hungary.

Reports from developing countries on the incidence and 
prevalence of IBD are still missing as regards population- 
based studies. Regional studies from India [24], may, how-
ever, suggest an increase over time in well-defined regions. 
Documented increase of incidence or prevalence in Japan 
would, however, be of particular interest, since Japan may be 
the only country in Asia with stable socioeconomic condi-
tions over several decades. An eventual increase in frequency 
of IBD would then have to be related to other than direct 
socioeconomic factors, and rather to other changes in the 
environment or lifestyle, such as dietary habits.

 Environmental Factors

 Relationship to Microbiology

Today, the most important environmental factor, with a cause 
relationship to the development of IBD, is considered to be 
related to an imbalance in the microbial–host relationship 
with mucosal barrier dysfunction and reduced microbial 
diversity [39]. Resent publications have further developed our 
understanding of the changed bacterial composition in IBD 
(Manishanh C, Bourruel N, Casellas F, Guarner F. The gut 
microbiota in IBD. Nat Rev Gastroenterol Hepatol 
2012;9:599–608; Hold GL, Smith M,, Grange C, et al. Role 
of gut microbiota in inflammatory bowel disease pathogene-
sis: what have we learned in the past 10 years? World J 
Gastroenterol 2014;20:1192–1210; Sartor RB, Mazmanian 
SK. Intestinal microbes in inflammatory bowel diseases. Am 
J Gastroenterol Suppl 2012;1:15–21; Matsuoka K, Kanai 
T. The gut microbiota and inflammatory bowel disease. 
Semin Immunopathol 2015;37:47–55) The hygiene hypothe-
sis is an attempt to explain why improvement of hygienic 
conditions may result in intestinal dysbiosis as a primary 
event, resulting in IBD among genetically predisposed indi-
viduals. This hypothesis implies that the rising frequency of 
immunologic disorders can be attributed to lack of childhood 
exposure to enteric pathogens. This dysbiosis may on the one 
hand be characterized by an imbalance between commensal 

bacteria, and on the other hand, by secondary development of 
pathogens, which by omitting the immunocompromised cells 
of the different barrier systems, may lead to chronic inflam-
mation. The suggested “Cold chain hypothesis” represents a 
more direct explanation of a cause relationship between spe-
cific bacteria and the immunocompromised host, from a 
molecular perspective, postulating that CD is a result of a 
defect in the host recognition of pathogenic bacterial compo-
nents that usually escape the immune response (e.g., Yop 
molecules), leading to an excessive host response to bacteria, 
such as Yersinia spp. and Listeria spp., which can survive 
refrigerator temperature [40]. The definition relies on the 
introduction of refrigeration in society, which was related to 
the time of increased prevalence of CD. A support for this 
hypothesis has been reported in case–control studies, partly in 
combination with other socioeconomic risk factors [41, 42].

In support of the hygiene hypothesis are the generally 
negative association to the epidemiology of Helicobacter 
pylori [43] and the inverse association to the prevalence of 
helminthic colonization [44, 45].

It is still an issue if primary pathogens like Mycobacterium 
avium paraturbeculosis (MAP), Johne’s disease [46], may 
be an etiologic factor, but problems related to the biologic 
methodology has been a major concern, and further studies 
are expected in the years to come. Clinical studies up to now 
have been inconclusive with regard to the impact of MAP in 
IBD, and a study of seropositivity showed a high prevalence 
for IBD, but failed to demonstrate a difference between CD, 
UC, and controls [47].

Several studies, however, have detected a high prevalence 
rate of MAP in CD patients, and a meta-analysis of 28  
case–control studies showed a positive association, both  
for enzyme-linked immunosorbent assay (ELISA) and  
PCR [48].

A recent examination [49], however, performed with 
highly sensitive methods in intestinal mucosa, could not 
detect the presence of MAP in newly diagnosed, treatment 
naïve cases, in contrast to many affected cases among hospi-
talized CD patients on treatment, in the same catchment area. 
MAP was not found among patients with long-standing 
UC. According to these results, MAP is probably not an etio-
logic factor, but a bystander appearing during the course of 
disease and appearing in patients on treatment. Another 
interpretation could be that MAP remains elusive to detec-
tion during the early phase of disease, and that a longer dura-
tion of immune decompensation is needed for diagnosis by 
the present methods.

The high prevalence of adherent-invasive Escherichia 
coli spp. associated to ileal CD may represent another pri-
mary pathogenic strain of bacteria, which is able to adhere to 
intestinal epithelial cells, to invade epithelial cells via a 
mechanism involving actin polymerization and microtu-
bules, and to survive and replicate within macrophages [50].

1 Environmental Factors in the Epidemiology of Inflammatory Bowel Disease
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Other hospital-based studies have demonstrated a geo-
graphic covariation related to hospitalization and mortality 
for IBD and Clostridium difficile [51].

Since IBD is most common in the northern hemisphere, 
most studies with regard to microbial risk factors have been 
performed in this region. As, on the one hand, one might 
speculate that improvement in sanitary conditions is respon-
sible for reduced microbial diversity, industrial pollution in 
society might serve as another explanation for changed envi-
ronment. It is probably unlikely that the exogenous predispo-
sition for IBD can be explained by one single environmental 
factor. At the moment, our knowledge regarding possible 
risk factors derived from industrialization must be divided 
mainly into primary direct effects of endogenous dysbiosis 
and secondary effects on this microbial imbalance. The latter 
explanation will include all the risk factors that will either 
increase the microbial instability or increase the vulnerabil-
ity of the host organism.

For testing of dysbiosis, a genetic test applied on human 
feces has been published recently, comparing IBD with IBS 
and controls. Such comparisons need to be performed glob-
ally to be relevant to all populations (Casén C, Vebo H, 
Sekelja M, et al. Deviations in human gut microbiota: deter-
mining dysbiosis in a diagnostic setting in IBS and IBD 
patients. Aliment Pharmacol Ther 2015).

 Relationship Between Environment 
and Geography

Of factors that may act on the intestinal microbial composi-
tion, geography may represent a risk in addition to socioeco-
nomic development. Living on the northern hemisphere may 
therefore explain the increased incidence of IBD, only based 
on this single factor, which might be explained by increasing 
intestinal dysbiosis. It has been suggested that this risk 
increases with increasing latitude from the Equator to the 
North Pole [52]. This explanation needs support from more 
comparable studies, which need to be performed by standard-
ized examinations on preferentially unselected materials.

Although latitude alone may represent a risk for develop-
ment of IBD, the reports from Canada, showing a marked 
East–West gradient, which at least up to now, might have 
been the case also for Europe, seems to indicate that contem-
porary differences within a society or within a region over 
time, represent the most important risk factors. These two 
examples of East–West gradients may therefore strengthen 
the argumentation for industrialization as a main causative 
factor for IBD. The North–South gradient in Europe does not 
necessarily depend on the same differences, because indus-
trialization and socioeconomic growth patterns have in part 
ran more parallel in the North and South of Europe.

Other environmental factors, such as water supply, may 

act in addition to, or increase, the instability, primarily 

caused by the dysbiotic intestine. In a recent study, a strong 
association between iron concentration in the sources of 
drinking water and the community incidence of IBD, both 
CD and UC, was found [53]. Other metals showed no asso-
ciation to IBD, opposed to the proposed focus on aluminum 
as a risk factor [54]. One explanation why inorganic iron 
might be a risk factor is its known ability to cause oxidative 
stress, whereas another might be its effect on bacterial 
growth. The results might generally agree with a role for 
oxygen radicals in animals and humans [55].

Relationship to latitude might also be explained by 
changes in sun exposure and vitamin D [56] Geographic pat-
terns related to IBD seem to involve complex interactions 
between genetics and sun exposure, both related to latitude 
(Scilagyi A, Leighton H, Burstein B, Xiaoquing Xue. 
Latidude, sunshine, human lactase phenotype distributions 
may contribute to geographic patterns of modern disease: the 
inflammatory bowel disease model. Clinical Epidemiology 
2014;6:183–98).

 Socioeconomic Factors

One might speculate that the role of latitude is part of the 
North–South gradient in Europe, although other environ-
mental factors, such as diet or socioeconomics, may be 
responsible for the variation in the occurrence of IBD.

Several studies have reported on increased incidence of 
both UC and CD in more densely populated areas [57–61]. 
Both family size and number of older siblings, as well as 
birth order, have been related to increased risk of UC, and 
with smaller families and few older siblings related to CD 
[62], which might be a sign that UC is more directly affected 
by environmental factors than CD. This explanation was also 
supported by a shorter interval between first-degree relatives 
acquiring UC compared to CD [63]. The relationships 
between these diseases and other household-related condi-
tions, such as pets, are unclear [64–67].

It has previously been reported that both UC and CD are 
affecting white collar more than blue collar employees [68]. 
Further studies among German employees suggested that 
work in the open air and physical exercise were protective, 
while being exposed to air conditioned, artificial working 
conditions or extending and irregular shift working increased 
the risk of IBD [69]. In population-based studies in Norway, 
the incidence of IBD was higher in rural areas with a recent 
increase in socioeconomic status, based on years of educa-
tion, compared to urban areas with a stable high socioeco-
nomic level [12, 36].

Other factors which might be related to socioeconomics 
are sanitary conditions, which actually formed the basis for 
the hygiene hypothesis. In an epidemiological study in the 
UK, the availability of a fixed hot water supply in childhood 

before the age of 11 was associated with Crohn’s disease [3].
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As socioeconomic differences within each of the Western 
countries have been reduced, the relationship to IBD seems 
somewhat unclear, however, on a global level these differ-
ences are obvious. For future examinations, the factors of 
importance will have to be clearly defined for each country 
under study.

 Smoking

Smoking has generally been accepted as a risk factor in 
Crohn’s disease, for worsening of the disease course, such as 
reduced response to treatment, increased relapse rate, and 
complications [70], whereas in UC, smoking has a protective 
effect against the same outcomes of disease [23].

Regarding onset of disease, the connection to smoking is 
less clear, but a meta-analysis showed an OR of 0.58 for UC 
and 1.76 for CD among smokers [71] in the general popula-
tion which could implicate that smoking is a part of a pri-
mary event, and not only as a secondary factor influencing 
the course of disease. Passive exposure to smoking during 
childhood has also been shown to influence the risk of IBD 
[72]. A possible relationship between age at diagnosis and 
smoking has also been suggested [73].

No single explanation for the mechanism behind smoking 
and the onset of IBD has been postulated, but among siblings 
discordant for smoking, smokers tended to develop CD, 
whereas nonsmokers tended to develop UC [74]. This may 
suggest an interaction between smoking and genetic suscep-
tibility. In UC, the significantly reduced frequency of 
pANCA positivity among smokers, and a tendency of 
increased frequency of ASCA positivity, may either be sup-
portive of such a mechanism or may be explained by other 
mechanisms, such as direct reaction to yeast, a result of dis-
ease activity or exposure to treatment [23].

A meta-analysis of 245 articles [71] reported on evidence 

for an association between current smoking and CD (OR, 
1.76) and former smoking and UC (OR). Current smoking 
had a protective effect on the development of UC when com-
pared with controls (OR, 0.58). These results confirmed that 
smoking is an important environmental factor in IBD with 
differing effects in UC and CD.

In a global perspective, a high occurrence of smoking is 
reported from many countries with a low frequency of IBD. 
Future studies will show if this inverse relationship still is 
present for populations with increasing incidence of IBD, 
and especially among immigrants to Western societies.

 Nutrition and Diet

Considerable efforts have been made in the search for nutri-
tional factors related to, and maybe even responsible for the 
development of IBD. The methodology of this research has 

been hampered by the problems of confounding factors and 
the fact that many patients will change their nutritional hab-
its as a consequence of the disease. There are many studies in 
small cohorts of patients, who claim that intake of certain 
diet constituents like fat, refined sugar, fruits, vegetables, and 
fiber affect the expression of IBD. These studies do not pro-
vide unequivocal evidence to incriminate any particular 
dietary factor. A recent survey of Medline and the Cochrane 
database concluded that, based on the current levels of 
knowledge concerning dietary risk factors for IBD and the 
therapeutic efficacy of dietary and nutritional interventions, 
the results need to be supported by well-designed trials in 
large cohorts of patients [75].

A multitude of factors, including drug–nutrient interac-
tions, disease location, symptoms, and dietary restrictions 
can lead to protein energy malnutrition and specific nutri-
tional deficiencies.

Studies have revealed that nutritional deficiencies are rel-
atively common in IBD, both regarding reduced intake of 
food and vitamin and mineral deficiencies. It is estimated 
that up to 85 % of hospitalized IBD patients have protein 
energy malnutrition, based on abnormal anthropometric and 
biochemical parameters [76, 77].

It is clear that nutrition plays an important role in the 
management of patients with IBD. The need and advice for 
nutritional therapy is, due to the heterogeneity of the dis-
eases, quite variable and based on the individual subtype of 
disease, disease stage, and the patients’ total situation. 
Consequently, there are no specific nutritional therapies that 
may be recommended to all patients.

Attention to weight changes, to eating habits, and to GI 
symptoms are the best guides for the clinician. Any abnormal-
ity, regarding general health, clinical, or biochemical measure-
ments, must be considered as risk factors regarding disease 
outcome. Nutritional factors of importance for the outcome of 
IBD represent the basis for prophylaxis against complicated 
disease and malnutrition. Specific dietary therapy to avoid 
symptoms and supplements to meet nutritional depletion are 
active measures to avoid complications to disease. Metabolic 
dysfunction and secondary osteoporosis and osteomalacia are 
serious complications related to malabsorption in CD.

Regarding primary risk factors for development of dis-
ease, studies have focused on preventive measures and 
potential risk factors.

In a relatively large surveillance of patients with UC and 
CD in Italy [78], in addition to the previously documented 
relationships between these diseases and smoking, the study 
reported that lack of breast feeding was associated with 
increased risk of both UC (OR 1.5) and CD (OR 1.9). 
A meta-analysis of 14 case–control studies reported on a 
protective role for breastfeeding in both CD and UC [79].

In a French case–control study of incident cases with CD 
and UC occurring before 17 years of age, performed between 
January 1988 and December 1997, 140 variables covering 
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familial history of IBD, events during the perinatal period, 
infant and child diet, vaccinations, childhood diseases, 
household amenities, and family socioeconomic status were 
recorded. Among nutritional factors, regular drinking of tap 
water was protective against IBD, whereas breast feeding 
was a risk factor [80], opposite to the previously mentioned 
report [79]. The preponderance of evidence suggests that 
breastfeeding is a protective factor for IBD, with a greater 
effect for CD than UC, based on a recent meta-analysis [81].

The role of dietary macronutrients in the etiology of IBD 
was recently examined in a large prospective cohort of 
women living in France, aged 40–65 years. Based on ques-
tionnaires on disease occurrence and lifestyle factors that 
were completed every 24 months, high total protein intake, 
specifically animal protein, was associated with a signifi-
cantly increased risk of IBD [82]. This could fit well with the 
previously reported association with consumption of fast 
food for both UC (OR 3.4, 1.3–3.9) and CD (OR 3.9, 1.4–
10.6) in a population-based incidence study in Sweden. The 
study, performed by a questionnaire, covered retrospectively 
the 5 years prior to diagnosis of IBD [83].

Another study showed that total fat and intake of mono-
unsaturated and polyunsaturated fats, as well as intake of 
vitamin B6, were related to UC, whereas a negative associa-
tion was found for carbohydrates [84]. A relationship to fat 
consumption was also found in another study, for UC [75], 
whereas intake of dietary fiber, fruit, and vegetables was 
reported to be protective for both [85, 86].

In another prospective controlled study of pre-illness 
changes in IBD, approximately one-third of patients changed 
their diet prior to the diagnosis of IBD due to nonspecific 
symptoms. Of the patients not changing their diet, moderate 
and high consumption of margarine (OR = 11.8 and 
OR = 21.37) was associated with ulcerative colitis, while 
high consumption of red meat (OR = 7.8) and high intake of 
cheese were associated with Crohn’s disease [87].

In a retrospective study performed within 3 years after 
diagnosis, the results also showed different, but significant 
associations for both UC and CD with regard to food con-
sumption [86].

Especially, the French study [82], being the first large- 
scale prospectively performed study of diet recorded before 
the onset of disease, lends strong support to fat and meat 
consumptions as risk factors of IBD. Especially, the animal 
proteins from meat and fish represented a risk factor, whereas 
dairy and vegetable proteins did not. Again the risks were 
increased for both UC and CD; however, the study was lim-
ited to middle aged females. Nevertheless, the study partly 
supported the previous findings from Japan, where the 
reported increase of CD during the period 1966–1985 was 
strongly associated to increased intake of animal protein and 
somewhat less to increased n − 6/n − 3 polyunsaturated fatty 
acid ratio [88], by multivariate analysis.

A nested case–control study of a prospective cohort study 
within seven regions in Europe, identified linoleic acid, in 
contrast to docosahexaenoic acid, as a significant risk factor 
for the development of UC [89], however, failed to find a 
significant association between micronutrients or macronu-
trients and disease, based on data from partly the same 
regions [90]. The evidence for these dietary risk factors in 
IBD, therefore, has to await further documentation from dif-
ferent populations and subgroups of patients in the future.

A recent systematic review of pre-illness intake of nutri-
ents based on 2609 IBD patients concluded that high intake 
of total fats, PUFA’s, omega-6 fatty acids, and meat were 
associated with an increased risk of CD and UC. High fiber 
and fruit intakes were associated with decreased CD risk, 
and high vegetable intake was associated with a decreased 
risk of UC (Hou JK, Abraham B, El-Seraq H. Dietary intake 
and risk of developing inflammatory bowel disease: a sys-
tematic review of the literature. Am J Gastroenterol 
2011;106:563–73).

Based on epidemiological data, case–control studies, and 
search in Medline, it has been speculated that the reported 
relationships between changes in food consumption would 
fit, in a timely manner, with a change of intestinal microbes 
associated to IBD [91]. A time relationship between IBD and 
change in dietary consumption has also been reported for 
intake of carbohydrates.

Case–control studies from Germany [92] and the UK 
[93] demonstrated an association between intake of sugar 
and CD. Another case–control study from the UK showed 
that intake of sugar and smoking were separate but interac-
tive risk factors [94]. The association between both mono-
saccharides and disaccharides and CD was also shown in 
Israel [95], Japan [96], and Italy [97]. The general question 
regarding the carbohydrate hypothesis is, to what extent 
reporting of increased consumption is related to early 
change of diet due to onset of disease, or if it represents an 
etiologic factor. This question may also be raised regarding 
the increased frequency of bran eaters among patients  
with CD [98].

Another factor of increasing interest is the host response 
to yeast. Several studies have shown increased IgG and IgA 
antibodies to baker’s yeast (Saccharomyces cerevisiae) in 
patients with CD but not UC [99, 100] as a consequence of 
intake of wheat. A recent report from studies in twins, how-
ever, suggested ASCA to be a marker of shared environment 
but with a genetic susceptibility, other than NOD2/Card15, 
as regards the titer level [101].

Recent reports have focused on the possibility of a nutri-
ent–gene interaction, which might be a part of an individual-
ized immunogenic therapy in the future [102].

Mechanisms by way of food consumption might also be 
further elucidated by studies on the role of epigenetic factors 
for the development of IBD in the future [103, 104].
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 Microparticles and Pollution

Both in food and water supply, metals and minerals, as well as 
other microparticles, are abundant, and as such more common 
as part of pollution in industrialized areas. These particles may 
act in different ways with the immune system, causing pri-
mary or secondary effects. It has been suggested that exposure 
to xenobiotic-like metals may induce immune responses in 
autoimmune diseases. Such reactions have been related to 
effects of mercury [105], cobalt, zirconium, beryllium, silver, 
and aluminum [54]. Especially aluminum is ubiquitous in the 
Western culture and represents the most widely used trace ele-
ment in food, water, soil, and pharmaceutical agents. Moreover, 
food additives and processed foods, such as cheese, baked 
goods, grain products, cake, and pancake mixes, vending 
machine powdery, milk, cream powder substitute, and soy-
based milk formulae, sugar and frozen dough, add substantial 
amount to Al intake. Additionally, different substances, when 
added to water and even water purification procedures, may 
increase the bioavailability and toxicity in aqueous organisms 
resulting in facilitating Al entry into the food chain. On these 
grounds, a hypothesis of a bacterial–metal interaction was put 
forward as a factor in CD induction [106].

In line with this, the recently reported strong association 
between iron concentration in the sources of drinking water 
and the community incidence of IBD, both CD and UC, may 
support a bacterial–metal interaction [53]. In this study, how-
ever, other metals showed no association to IBD, opposed to 
the proposed focus on aluminum as a risk factor in 
IBD. Interactions between microparticles and the immune 
system, possibly by accumulation in macrophages, has also 
been postulated as a basis for the use of low microparticle 
diets in the treatment of IBD [107].

There is an increasing evidence for a role of air pollution 
as a risk factor for CD, supported by a proinflammatory 
effect of pollutants in animal studies (Beamish LA, Osornio- 
Vargas AR, Wine E. Air pollution: an environmental factor 
contributing to intestinal disease. J Chron Colitis 2011;5:279–
86). Nitrogen dioxide has been associated with early onset 
CD (Kaplan GG, Hubbard J, Korzenik J, et al. The inflam-
matory bowel diseases and ambient pollution: a novel asso-
ciation. Am J Gastroenterol 2010;105:2412–19). Moreover, 
a correlation was found between air pollution and the rate of 
IBD hospitalizations (Ananthakrisnan AN, McGinley EL, 
Binion DG, Saeian K. Ambient air pollution correlates with 
hospitalization for inflammatory bowel disease: An ecologic 
analysis. Inflamm Bowel Dis 2011;17:1138–45).

 Nonsteroidal Anti-inflammatory Drugs

Nonsteroid anti-inflammatory drugs have been considered as 
a potential risk factor for outbreak of inflammation, relapse, 
and increased activity of established IBD.

Several hypotheses have been put forward on the patho-
physiology of intestinal damage by NSAIDs [108], such as 
enhanced intestinal permeability, inhibition of cyclooxygen-
ase (COX), enterohepatic recirculation, and formation of 
adducts. The effects of COX-2 selective inhibitors, which 
appear to have better gastric tolerability when compared to 
nonselective NSAIDs, on normal and inflamed intestinal 
mucosa, as in Crohn’s disease or ulcerative colitis, are still 
largely unexplored. If COX-2 inhibition plays a key role in 
suppressing the inflammatory process, recent evidence sug-
gests that COX-2 products are involved in maintaining the 
integrity of intestinal mucosa, in the healing of  gastrointestinal 
ulcers and in the modulation of inflammatory bowel disease 
(IBD). Animal models of intestinal inflammation have so far 
yielded conflicting results on the effects of COX-2 selective 
inhibitors on the intestinal mucosa. It is now clear that 
NSAIDs do not act through cyclooxygenase inhibition alone, 
but also have different effects on targets, such as nuclear 
factor-kappaB and/or on peroxisome proliferator- activated 
receptors (PPAR). The peculiar pharmacological profile of 
each compound may help to explain the different impact of 
each NSAID on the inflammatory process and on 
IBD. Notably, the salicylic acid derivative 5-ASA is widely 
used in the treatment of IBD and is believed to act through 
nuclear factor-kappaB interaction. Although the use of 
COX-2 selective inhibitors remains contraindicated in 
patients with IBD, studying their effects on intestinal mucosa 
may offer new insights into their subcellular mechanisms of 
action and open new avenues for the development of novel 
therapies for IBD.

The general agreement that NSAIDs increase intestinal 
permeability still makes these drugs a potential risk factor 
for exacerbation of disease, relapse rate, and increased 
 activity [109].

Recent studies of tolerability of selective Cox-2 inhibitors 
have demonstrated that these drugs are safe and beneficial in 
most patients with IBD and not associated with exacerbation 
of the underlying IBD- and GI-related complications [110].

 Oral Contraceptives

Several studies have reported an increased risk of IBD follow-
ing the use of oral contraception [111]. The association has 
been shown especially for Crohn’s disease, in contrast to 
ulcerative colitis, and an interaction has been shown for cur-
rent smoking [111]. This risk was also shown in a population- 
based case–control study from the USA. Women who reported 
oral contraceptive use within 6 months before disease onset 
were at increased risk for both diseases compared with never 
users. Women who had used oral contraceptives for more than 
6 years had the highest risk of Crohn’s disease (RR = 5.1, 
95 % CI 1.8–14.3). In contrast, increased duration of use 

was not associated with increased risk of ulcerative colitis. 
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There has been a concern that females on contraceptives are 
at increased risk of disease relapse and other adverse events, 
such as thrombosis [112]. In this research of 207 articles in 
PubMed, results gave little evidence to suggest an increased 
risk of disease relapse among women with IBD who use oral 
contraceptives, and there seemed to be no differences in the 
absorption of higher-dose combined oral contraceptives, 
between women with mild ulcerative colitis or small ileal 
resections and healthy women.

A recent meta-analysis reported on a positive association 
for use of oral contraceptives and both UC and CD [113], 
with a reduced effect upon discontinuation. The study was 
not able to show an effect of dose reduction.

Strong confirmatory evidence for oral contraceptives as 
risk factors of IBD has recently been published in two pro-
spective cohort studies, Nurses Health study I and II, based 
on 117,375 women enrolled since 1976, and 115,077 enrolled 
since 1989. The use of oral contraceptives was associated 
with a risk of CD. The association to UC was limited to 
women with a history of smoking (Khalili H, Higuchi LM, 
Ananthakrishnan AN, et al. Gut 2012; doi:10.1136/
GutJNL-2012-30.2362).

Although most of the literature recommends oral contra-
ceptives in IBD, monitoring for thromboembolic events has 
also been recommended [114].

 Seasonal Variability

It has been speculated that the reported seasonal variations of 
relapse rate in ulcerative colitis [115] or incidence in UC 
[116] may be explained by change in environmental risk fac-
tors throughout the year. In the Swedish cohort study [115], a 
significantly higher relapse rate was found during the sum-
mer, whereas a significantly increased incidence rate of IBD 
was found during the early winter months of December and 
January in the Norwegian population-based incidence study. 
A recent controlled cohort study based on the Hospital 
Episode statistics (HES) in the UK of all admitted IBD 
patients between 1997 and 2006 did not show a seasonal birth 
pattern [117]. By monthly comparison year by year, different 
fluctuations were found for CD and UC, with a weak but sig-
nificant correlation (0.078, p = 0.018). A slight trend for 
stronger correlation occurred during the later decades. 
Nevertheless, the author concluded that patterns of birth 
dates among IBD patients do not support the contention that 
seasonally or monthly varying environmental factors during 
early childhood shape the subsequent risk of developing IBD.

In a study from the USA, norovirus was associated to 
exacerbation of both UC and CD in pediatric patients, in all 
cases associated with bloody diarrhea, and with demand for 
hospitalization. This was in contrast to diarrhea without 
hematochezia when the infection occurs in the absence 

of IBD [118].

Based on these observations, the relationship between 
seasonal environmental risk factors may affect the outbreak 
of IBD differently according to the occurrence of risk factors 
around the world. One cannot rule out the possibility that 
also perinatal risk factors might be of importance at the pres-
ents of combination of risk factors, such as in selected areas 
or individual groups. Large nationwide studies might dilute 
important local variations, which might seem negligible 
when the results are not broken down into smaller regions, 
such as communities [119].

 Appendectomy and Tonsillectomy

The inverse relationship between previous appendectomy 
and ulcerative colitis has been confirmed in several studies. 
In a study including 213 patients with UC, 110 with CD and 
337 controls, a highly significant association to appendec-
tomy was found for UC (OR 0.20), and even higher when the 
operation was performed before the age of 20 (OR 0.14). No 
association was found for CD, and no association for tonsil-
lectomy for either disease [120]. Moreover, the study from 
Spain also showed that appendectomy was less frequent, not 
only among UC and CD patients, but also among their rela-
tives [120], compared to the general population. A case–con-
trol study from Iran confirmed the inverse relationship 
between appendectomy and UC in contrast to Crohn’s dis-
ease [121]. A population-based study from New Zealand 
reported that not only appendectomy, but also tonsillectomy, 
infectious mononucleosis, and asthma were more common 
in CD patients than controls [122]. Another case–control 
study from Spain [123] showed that both appendectomy and 
current smoking were protective for UC. Additionally, this 
study showed that better living conditions during childhood 
were associated to increased risk for IBD. A case–control 
study from Greece [124] could neither confirm a signifi-
cantly inverse relationship to UC (OR 0.6) nor a significant 
association to CD (OR 2.2), although well-known risk fac-
tors such as family history and smoking were confirmed. 
A multivariate regression analysis, however, showed positive 
associations between appendectomy and tonsillectomy for 
CD, but no independent inverse association to UC.

A meta-analysis in 2008 showed great heterogeneity 
among the studies. The risk of CD was largely increased in the 
first year after appendectomy, and was no longer significant 
after 5 years (Kaplan GG, Jackson T, Sands BE, et al. The risk 
of developing Crohn’s disease after an appendectomy: a meta-
analysis. Am J Gastroenterol 2008;103:2925–31).

With some variation in results, however, the literature 
shows strong relationships between previous appendectomy 
and the development of CD, and inversely to UC, which 
again might indirectly support the impact of the hygiene 
hypothesis as an explanation for the importance of socioeco-
nomic conditions in the development of IBD.
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 General Remarks and Future Aspects 
Regarding Global Environmental Risk 
Factors in IBD

The evidence for increased frequency of IBD in the industri-
alized parts of the world is strong and is mainly explained by 
environmental risk factors. Of all the identified risk factors, 
not a single one alone may, up to now, totally explain the 
increasing incidence in any part of the world. This might be 
explained by a multiplicity of potential routes for distur-
bances of the microbial–host interactions. It is also possible 
that the strength of influence by risk factors or lack of protec-
tive factors in a society is different, depending on geography 
or urbanization.

It is still possible that a common single explanation for 
the microbial–host imbalance will be found in the future, 
based on an explanation which up to now has been too diffi-
cult to grasp. A model has been suggested for changes in 
human adaption to the socioeconomic burden, related to 
endogenous changes, caused by individually based stressors 
of psychoimmunological origin (Ananthakrishnan AN, 
Khalidi H, Pan A, et al. Association between depressive 
symptoms and incidence of Crohn’s disease and ulcerative 
colitis: results from the Nurses Health study. Clin 
Gastroenterol hepatol 2013;11:57–62; Bitton A, Dobkin PL, 
Edwardes MD et al. Predicting relapse in Crohn’s disease: a 
biopsychological model. Gut 2008;57:1386–92). Such a 
model will have to be tested prospectively in different popu-
lations. If any one new single explanation for the microbial–
host imbalance is found, it might leave several of our present 
risk factors as confounders.

Nevertheless, the increased molecular understanding of 
disease development in IBD during the last few decades 
must be expected to reveal new and important contributions, 
and also lead to the evaluation of the different environmental 
risk factors, together with geographic and individual suscep-
tibility of the person at risk.
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 Introduction

The pathogenesis of inflammatory bowel disease (IBD) 
reflects disturbed mucosal immunophysiology. The gut epi-
thelium is monolayered and vulnerable, covering a surface 
area of perhaps 300 m2 in adults when villi, microvilli, crypts, 
and folds are taken into account. It is protected by numerous 
chemical and physical innate defense mechanisms which 
cooperate intimately with a local adaptive immune system. 
The dominating component of the latter is an immunoglobu-
lin A (IgA)-generating B-cell population which provides an 
anti-inflammatory first-line defense by giving rise to secretory 
IgA (SIgA) antibodies which perform “immune exclusion” 
[1, 2]. This term is coined for low- and high- affinity antibody 
functions at the mucosal surface, aiming to control microbial 
composition and colonization as well as inhibiting penetration 
of noxious antigens through the epithelial barrier [3, 4].

The generation of SIgA depends on IgA-producing 
plasma cells (PCs) and their immediate precursors (plasma-
blasts) which accumulate in the mucosa by selective homing 
mechanisms after priming of B cells in gut-associated lym-
phoid tissue (GALT)—including Peyer’s patches, isolated 
(solitary) lymphoid follicles (ILFs) and the appendix [2, 5]. 
At least 80 % of the body’s Ig-producing cells are located in 
the intestinal lamina propria, amounting to some 1010 PCs 
per meter of normal adult gut, which thus constitutes the 
body’s largest effector organ of humoral immunity [6]. In 
addition, hypersensitivity due to excessive penetration of 
exogenous antigens into the mucosa is normally counter-
acted by adaptive hyporesponsiveness to innocuous agents. 

This phenomenon is traditionally referred to as “oral toler-
ance” when induced via the gut [7]; it counteracts particu-
larly overreaction to dietary proteins and components of the 
commensal microbiota and depends on T cells (Treg cells) 
with regulatory functions [8, 9].

The mucosal induction of all these homeostatic mecha-
nisms requires immunological stimuli, and the neonatal period 
is critical in this respect. The mucosal barrier and its rein-
forcement by SIgA, as well as the immunoregulatory network, 
depends on both adaptive and innate induction by antigens or 
conserved microbe-associated molecular patterns (MAMPs)—
the latter activating germ line-encoded cellular pattern recog-
nition receptors (PRRs) [10–12]. This adaptation is remarkably 
successful in view of the fact that a ton of food may pass 
through the gut of an adult human being every year, usually 
without causing adverse reactions. In addition, the healthy gut 
harbors a number of beneficial bacteria which is some ten 
times the number of cells in the body, perhaps amounting to 
1013–1014 microorganisms with a total weight of 1–2 kg [10]. 
Classical food allergy and IBD apparently reflect lack of this 
adaptive homeostasis, either due to retarded immunological 
development and immaturity of the mucosal barrier with its 
innate defense, abrogation of the epithelial barrier function, 
or a persistently imbalanced immunoregulatory network—
probably on a polygenic susceptibility background.

The mainstream theory explaining the rise of allergies 
and other immune-mediated disorders such as IBD observed 
in affluent societies [13] is based on the extended hygiene 
hypothesis, underscoring an important role of changes in the 
environmental microbial impact on the immune system [14]. 
In essence, the idea is that industrialized societies, by mod-
ern measures introduced over the last decades, have deprived 
the infants of adequate immunological stimuli [15]. The rela-
tions between a westernized lifestyle and the origins of 
human disease comprise hygienic, dietary, and medical prac-
tices that have altered the pattern of microbial exposure, 
including the composition of the gut microbiota. Therefore, 
research on microbial–host interactions aims to reverse hyer-
sensitivity by promoting tolerance [12, 16, 17].
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For effective strategies to prevent immune-mediated dis-
eases it is essential to understand how exogenous variables 
influence the adaptive immunological programming and how 
the effector mechanisms are regulated. The scientific basis of 
such efforts is discussed in this chapter.

 Induction and Regulation of Intestinal 
Immunity

 Mechanisms Promoting Homeostasis

Numerous genes regulate both the innate and adaptive arms 
of the immune system. Human immunogenetics has evolved 
to identify “danger” under the pressure of a “dirty environ-
ment,” even long beyond the hunting-gathering period. In 
this evolutionary process the intestinal immune system has 
generated its two adaptive anti-inflammatory strategies: 
immune exclusion performed by SIgA to control surface 
colonization of microorganisms and inhibits mucosal pen-
etration of potentially dangerous agents; and oral tolerance 
to avoid local and peripheral hypersensitivity against innoc-
uous antigens which have trespassed the epithelial barrier 

(Fig. 2.1). Together, the two strategies apparently explain 
why overt and persistent problems with gut immunopathol-
ogy are relatively rare. Remarkably, the suppressive mecha-
nisms usually operate successfully in face of the enormous 
commensal microbiota separated from the internal body 
milieu only by the monolayered epithelium with its mucus 
coat [10, 11, 18, 19]. Notably, however, immunoregulatory 
differences apparently exist between humans and clean 
laboratory mice due to a stricter shielding of gut bacteria 
from the systemic immune system in this rodent species 
[10, 11, 20–22].

Oral tolerance is clearly a robust adaptive immune func-
tion because even healthy adult subjects absorb small 
amounts of intact food antigens, particularly after meals—
corresponding to 10-5 of the intake and reaching a circulating 
level of 3–10 ng/ml [23]—as part of the total daily protein 
uptake of 130–190 g [24]. The epithelial tightness and the 
immunoregulatory network remain fragile for a variable 
period after birth [25, 26]. Importantly, animal experiments 
show that the postnatal development of mucosal homeostasis 
depends on the establishment of a balanced commensal 
microbiota as well as on adequate timing and dosing of for-
eign dietary antigens when first introduced [7, 10, 26, 27].

Fig. 2.1 Two-layers of anti-inflammatory mucosal immune defense 
preserving the integrity of the intestinal epithelial barrier. Depiction 
of the homeostatic mechanisms: (1) Immune exclusion to control epi-
thelial colonization of microorganisms and penetration of exogenous 
antigens. This first line of defense is principally mediated by secre-
tory antibodies of the IgA (and IgM) class in cooperation with innate 
protective factors (not shown). The secretory antibodies are actively 
exported by the epithelial polymeric Ig receptor (pIgR), also called 
membrane secretory component (mSC). Secretory immunity is pref-
erentially stimulated by particulate antigens such as pathogens taken 
up through M cells (M) located in the dome epithelium covering 

 gut-associated lymphoid tissue (see Figs. 2.2 and 2.3). (2) Innocuous 
soluble antigens (e.g., food proteins; magnitude of normal uptake 
indicated) and the commensal microbiota are also stimulatory for 
secretory immunity (graded arrows), but induce additionally sup-
pression of pro- inflammatory Th2-dependent responses (IgE antibod-
ies), Th1- dependent delayed-type hypersensitivity (DTH), IgG 
antibodies, and Th17-dependent neutrophilic reactions. This homeo-
static Th-cell balance is regulated by a complex mucosally induced 
phenomenon called “oral tolerance.” The suppressive effects can be 
observed both locally and in the periphery, and are mediated by 
 regulatory T (Treg) cells
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 Inductive Gut-Associated Lymphoid Tissue 
Structures

It follows from the preceding sections that immune cells are 
located in three intestinal compartments: GALT, the mucosal 
lamina propria, and the surface epithelium (Figs. 2.2 and 
2.3). GALT structures represent inductive sites for immune 
responses, while the lamina propria and epithelial compart-
ment principally constitute effector sites but may neverthe-
less contribute to retention, proliferation, and differentiation 
of immune cells [2, 28].

The lymphoid structures of Peyer’s patches and the drain-
ing mesenteric lymph nodes (MLNs) are formed before birth 
with discrete T- and B-cell areas being apparent after 19 
weeks’ gestation in humans [25]; but the size of these struc-
tures and germinal centers (GCs) of B-cell follicles depend on 
the postnatal microbial colonization. Also, ILFs cannot be 

observed until after birth. Cryptopatches are seen only in mice, 
perhaps depending on the age at tissue sampling, and these 
structures are believed to develop into ILFs [29] (Fig. 2.2). B 
cells of GCs in GALT express mainly surface IgA as a result of 
Ig heavy-chain gene switching in the course of B-cell differen-
tiation to IgA-producing plasmablasts. Notably, IgA induction 
is much more prominent in GALT than in other structures of 
mucosa-associated lymphoid tissue (MALT) [2, 28].

It takes some time after birth before the Peyer’s patches 
become activated as signified by GCs, and the induction of 
ILF organogenesis from cryptopatches as seen in mice 
depends on postnatal exogenous stimuli [2, 30]. The B-cell 
follicles of GALT are covered by a specialized follicle- 
associated epithelium (FAE) containing very thin “micro-
fold” or “membrane” (M) cells which, together with 
intraepithelial dendritic cells (DCs), transport antigens from 
the gut lumen into the lymphoid tissue [31].
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Fig. 2.2 Development of the intestinal immune system. Inherent and 
environmental signals drive the mucosal changes observed both in 
mice and humans; the postnatal establishment of an increasingly 
complex and dense gut microbiota is a decisive variable. The lym-
phoid structures of Peyer’s patches and mesenteric lymph nodes are 
generated before birth but mature during the postnatal period. By 
contrast, cryptopatches (seen clearly only in mice) and isolated lym-
phoid follicles (ILFs) are formed after birth. Specialized antigen-
sampling epithelial cells, known as M cells, reside above Peyer’s 
patches and ILFs and facilitate antigen transport from the gut lumen 
to the underlying lymphoid cells. Simultaneously, innate lympho-
cytes, such as lymphoid tissue inducer (LTi) cells, as well as adaptive 

T cells leave the liver and thymus, respectively, and colonize the 
mucosa, including the epithelium. Intraepithelial lymphocytes (IELs) 
reside in close proximity to epithelial cells. Also, increasing numbers 
of CD103+ dendritic cells and CX3CR1+ macrophage-like cells home 
to the gut mucosa. In contrast to innate lymphocytes, regulatory T 
(Treg) cells populate the intestinal mucosa in response to bacterial 
colonization. Although B cells are present in gut tissue during early 
development, plasma cells producing dimeric IgA are only generated 
after birth to provide secretory IgA (SIgA) which is transported to the 
lumen by the polymeric Ig receptor (pIgR). Maternal SIgA is pro-
vided by breast milk during the early postnatal period. Modified from 
Renz et al. [29]
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Peyer’s patches are defined as at least five aggregated 
B-cell follicles. These structures resemble lymph nodes 
with inter-follicular T-cell zones and a variety of 
 antigen- presenting cells (APCs) such as DCs and macro-
phages, whereas ILFs have a sparser T-cell zone. All GALT 
structures are devoid of encapsulation and contain no affer-
ent lymphatics [2, 5]; their supply of antigens depends 
exclusively on sampling directly from the mucosal surface 
through the FAE. Induction and regulation of mucosal 
immunity hence takes place primarily in GALT and mucosa-
draining lymph nodes, while terminal differentiation of B 
cells to PCs occurs in the lamina propria (Figs. 2.2 and 2.3) 
where secondary T-cell signals are generated when antigens 
are presented by local DCs and macrophages [2, 28]. 
However, animal experiments have shown that oral toler-
ance can be induced in the absence of GALT, thus being 
dependent on antigen transport to mesenteric lymph nodes 
(MLNs) from gut mucosa through lymph by specialized 
DCs, as discussed later [32, 33].

 Activation and Homing of Intestinal B Cells

Antigens are presented to T cells in GALT and draining 
lymph nodes by APCs after intracellular processing. The 
activated helper T (Th) cells release mediators (cytokines), 
and especially transforming growth factor (TGF)-β induces 
the switch of B cells from surface membrane expression of 
IgM to IgA in GCs of GALT [2, 28]. Memory/effector cells 
migrate rapidly via lymphatics to MLNs where B cells may 
be further differentiated to plasmablasts, which then reach 
peripheral blood via the thoracic duct and finally become 
seeded into secretory effector sites (Fig. 2.3). This homing 
targets particularly the intestinal lamina propria but to some 
extent also distant secretory mucosae and glandular sites—
notably the lactating mammary glands [2, 34].

The extravasation of plasmablasts at effector sites is 
facilitated by compartmentalized homing receptors interact-
ing with ligands (addressins) on the microvascular endothe-
lium, while additional fine-tuned navigation is conducted by 

Fig. 2.3 Depiction of the intestinal mucosal immune system. Inductive 
sites for T and B cells are constituted by gut-associated lymphoid tissue 
(GALT) such as Peyer’s patches with B-cell follicles and M cell 
(M)-containing follicle-associated epithelium through which exogenous 
antigens (Ag) are transported to reach antigen-presenting cells (APC), 
including dendritic cells, macrophages (Mφ), and follicular dendritic 
cells (FDC). After being primed, naïve T and B cells become memory/
effector cells and migrate from GALT to mesenteric lymph nodes via 
lymph and then via the thoracic duct to peripheral blood for subsequent 
extravasation at mucosal effector sites. This process is directed by the 
profile of adhesion molecules and chemokines expressed on the local 
microvasculature—the endothelial cells thus exerting a “gatekeeper 

function” for mucosal immunity (see Figs. 2.3 and 2.5). The lamina pro-
pria (effector site) is illustrated with its various immune cells, including 
B cells (B), the approximate proportions of various Ig-producing plasma 
cells, and CD4+ T cells. The distribution of intraepithelial T lympho-
cytes (mainly CD8+ with α/β T-cell receptor; some γ/δ) is also depicted. 
Additional features are the generation of secretory IgA (SIgA) and 
secretory IgM (SIgM) via pIgR/membrane secretory component (mSC)-
mediated epithelial export. The combined effect of oral tolerance mech-
anisms, mainly the action of regulatory T (Treg) cells, provides a 
suppressive tone in the gut, normally keeping inflammation driven by 
IgG and IgE antibodies as well as cell-mediated (CD4+ T cell and Mφ) 
delayed type hypersensitivity (DTH) under control

P. Brandtzaeg



27

chemokines [1, 2]. The extent of B-cell retention and termi-
nal differentiation to PCs in the gut lamina propria (Fig. 2.3) 
depends on the local intensity of second signals, provided by 
chemokines and APC-processed antigens via activated CD4+ 
Th cells and their cytokines [2, 28].

Retinoic acid (RA) derived from vitamin A exerts a posi-
tive impact both on intestinal differentiation of naïve B cells 
arriving in GALT and their subsequent migration as  precursors 
for the mucosal IgA-producing PCs [2, 35]. Thus, the heavy 
chain switching to IgA both in humans and mice is enhanced 
by RA, and so is the expression of the gut-homing molecules 
integrin α4β7 and the CC chemokine receptor CCR9 (Figs. 2.4 
and 2.5). The phenotype of APCs in GALT, which seems to 
be imprinted by the action of gut bacteria on cellular PRRs, 
promotes RA generation by the expression of retinaldehyde 
dehydrogenase (RALDH); and the expression of inducible 
nitric oxide synthase (iNOS) enhances, via nitric oxide (NO), 
the release of innate switch factors which are cytokine mem-
bers of the tumor necrosis factor (TNF) family, namely 

APRIL (A Proliferation Inducing Ligand) and BAFF/BlyS  
(B cell-activating factor of the TNF family/B lymphocyte 
stimulator), as well as the release of the activated IgA switch 
factor TGF-β from Th cells [2]. Furthermore, it has been 
reported that in mice a fraction for these follicular T helper 
(TFH) cells may be derived from regulatory T (Treg) cells 
[36]. There may thus be a cellular link between intestinal IgA 
and mucosal tolerance induction, for which TGF-β is likewise 
important. Also interleukin (IL)-10 that contributes to termi-
nal differentiation of IgA+ PCs together with IL-6 (Fig. 2.4) is 
an important cytokine in oral tolerance, as discussed later.

However, a more recent study was unable to reproduce 
these findings and showed, instead, that the TFH cells were 
derived from Th17 cells [37]. It has been speculated that this 
disparity might be explained by differences in gut microbiota 
of the experimental mice [38]. In addition, a proper function 
of the GCs depends on the presence of follicular Treg (TFR) 
cells, controlling the proliferative activity of the B cells and 
the quality of the IgA produced [38].

Fig. 2.4 Induction of IgA switch in mucosal B cells (B) and imprinting 
of their gut-homing molecules α4β7 and CCR9 occurs in gut-associated 
lymphoid tissue (GALT) and mesenteric lymph nodes (not shown). As 
described in the text, antigen-presenting cells (APC/DC) in GALT are, 
through their pattern recognition receptors, activated by commensal 
bacteria and express iNOS and RALDH. The latter enzyme converts 
vitamin A from the diet to retinoic acid (RA) which stimulates expres-
sion of the heterodimeric integrin α4β7 and the chemokine receptor 
CCR9—attracting the B cells to their ligands in the small intestinal 
lamina propria (see Fig. 2.5). The level of α4β7 is particularly high on 
lymphoblasts, and the B-cell adherence to microvascular endothelium 
is strengthened by interactions between generalized adhesion mole-

cules such as LFA-1 and ICAM-1/ICAM-2, as indicated. Also the 
switching from IgM to IgA expression is enhanced by RA in B cells 
expressing activation-induced cytidine deaminase (AID), and this pro-
cess is stimulated by follicular helper T (TFH) cells which may be 
derived from RORγt+ Th17 cells or from Foxp3+ regulatory T (Treg) 
cells. Cytokines promoting the IgA development are framed: TGF-β is 
a switch factor and nitric oxide (NO) may contribute to its activation; 
IgA-inducing protein (IGIP) is another switch factor whose expression 
in DCs may be stimulated by vasoactive intestinal polypeptide (VIP); 
and IL-6 and IL-10 stimulate terminal differentiation to IgA-producing 
plasma cells. The T cell-independent switch factors APRIL and BAFF 
are also expressed in GALT, as indicated
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The long-lasting debate about the role of vasoactive intes-
tinal polypeptide (VIP) in IgA induction seems to be clari-
fied (Fig. 2.4). An IgA-inducing protein (IGIP), first 
identified in the bovine species, has also been characterized 
in humans—with somewhat different properties [39]; its 
CD40L-stimulated expression in DCs was found to be 
35-fold enhanced by VIP, and IGIP was directly shown to 
induce CSR to IgA in naïve (IgM+IgD+) B cells.

However, a problem with all the experimental studies on 
IgA-promoting factors operating in GALT, such as TGF-β, 
RA and IGIP, is that they have not been tested for J 
 chain- inducing properties. This small polypeptide is a pre-
requisite for the production of dimeric IgA and its binding to 
the epithelial polymeric Ig receptor (pIgR), as discussed 
later. Although there is considerable information about the 
regulation of J-chain expression in mice, such knowledge is 
lacking in humans; and the factors responsible for the high 
level of J chain in GALT-derived B cells are not known in 
any species [2, 40].

 Regional Intestinal Immune Differences

The effect of the indigenous bacteria on the postnatal develop-
ment of GALT and intestinal PCs is strikingly revealed in 
experimental animals colonized with a conventional microbi-
ota after being reared in a germ-free state [41, 42]. Also food 
proteins contribute [2], as for instance observed in mice reared 
on a diet containing casein compared with a balanced amino 
acid-based diet [43]. Whereas MAMPs and small chain fatty 
acids (SCFAs) such as butyrate from the gut microbiota are 
abundant as stimulatory factors in the distal gut, this is not the 
case in the upper small intestine (Fig. 2.6). It may therefore 
seem surprising that the number of PCs per intestinal length 
unit is virtually the same in the duodenum as in the colon, and 
there is a higher proportion of the IgM phenotype in the for-
mer (Fig. 2.6). The reason may be the impact of high levels of 
food antigens and retinoids from bile and vitamin A in the diet 
[18], and also an involvement of the celiac lymph node 
 complex in the immune induction in that region.

Fig. 2.5 Depiction of homing mechanisms that attract gut-associated 
lymphoid tissue (GALT)-derived B and T memory/effector cells to the 
small intestinal lamina propria (to the right; see Figs. 2.2 and 2.3). 
Interactions between the multidomain unmodified (containing no 
l-selectin-binding O-linked carbohydrates) mucosal addressin cell 
adhesion molecule (MAdCAM)-1 expressed on ordinary flat lamina 
propria venules is important as part of the endothelial “gatekeeper func-
tion” to direct mucosal α4β7-bearing memory/effector B and T cells to 
the normal gut mucosa (solid arrows). Selectively produced by the epi-
thelium of the small intestine, the chemokine TECK (CCL25) attracts 
GALT-derived B and T cells expressing CCR9 to this segment of the 
gut, whereas MEC (CCL28) is a more generalized chemokine interact-
ing with CCR10 on mucosal B cells. A GALT structure with its M cells 
(M), antigen-presenting cells (APC) such as macrophages (Mφ) and 
follicular dendritic cells (FDC), is depicted on the left. The bottom left 

panel shows immunohistology of a Peyer’s patch with lymphoid folli-
cles containing germinal centers (GC); the insert shows that MAdCAM-1 
(with l-selectin-binding capacity) is expressed (brown color) on high 
endothelial venules (HEV) to attract naïve lymphocytes for priming. 
The access to the mucosal effector site is normally limited (broken 
arrows) for circulating proinflammatory cells such as monocyte (Mo)-
derived Mφ, polymorphonuclear neutrophils (PMN), eosinophils (Eos) 
and mast-cell (MC) precursors, whereas the favored GALT-derived B 
and T cells promote mucosal immunity including polymeric Ig receptor 
(pIgR)-dependent secretory IgA (SIgA) generation. Mo-derived muco-
sal dendritic cell (DC) may develop through a transitional Mφ pheno-
type, as indicated. Right bottom panel shows paired immunofluorescence 
staining for IgA- and IgG-producing plasma cells (see color key) in nor-
mal colonic human mucosa and crypts with selective transport of IgA to 
the lumen. Note the negatively stained goblet cells
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The propensity of the mucosal immune system to gener-
ate low-affinity cross-reactive antibodies, at least in the distal 
gut, is probably explained by the extensive innate drive 
exerted by MAMPs derived from the abundant indigenous 
microbiota interacting with PRRs, as alluded to above. Thus, 
experiments have revealed a role of the important PRRs des-
ignated Toll-like receptors (TLRs) for B-cell differentiation 
in GALT [2, 5]. Interestingly, human GALT follicles contain 
the apparatus to support both T cell-dependent and T cell- 
independent (not involving CD40–CD40L interactions) class 
switch recombination (CSR) pathways to IgA (Fig. 2.4). 
This has been documented by showing GALT-restricted 
human expression of activation-induced cytidine deaminase 
(AID)—an essential enzyme for CSR to take place [44, 45]. 
Also notable, the T cell-independent switch factor APRIL, 
and its receptors TACI (Transmembrane Activator and 

CAMEL Interaction) and BCMA (B Cell Maturation 
Antigen) are expressed both in human GALT and human 
intestinal mucosa but, importantly, there is no co-expression 
of these receptors and AID beyond the GALT structures [44].

Thus, previous claims about B-cell switch to IgA in 
human colonic lamina propria appear questionable, and the 
same is true for the proposed extrafollicular switch from 
IgA1 to IgA2 [46]. A recent study showed that if these events 
occur outside of GALT structures, their biological impor-
tance must be negligible [47]. The possibility remains, how-
ever, that the unique T cell-independent B1 cell population 
generated in the mouse omentum [48] may provide a sub-
stantial fraction of lamina propria PCs and be subjected to 
IgA switch either in the peritoneal cavity or in the lamina 
propria of this species [49, 50]. However, other studies sug-
gest that T cell-independent CSR in the mouse gut does 

Fig. 2.6 Histomorphometric estimation of the distribution of plasma-
blast/plasma cell (PC) phenotypes in healthy human intestinal mucosa. 
A “tissue unit” is defined in a 6-μm thick section prepared for immuno-
histochemical analysis. The included lamina propria area varies among 
different specimens depending on the height of the tissue unit; and the 
total number of PCs per unit is determined by this variable as well as by 
the actual tissue density of such cells. The pie charts depict the average 

percentage and numerical distribution of PCs in various segments of the 
gut, with median numbers (and ranges) per mucosal tissue unit indi-
cated. All units are 500 μm wide (vertical axis), and the median height 
(horizontal axis) for each specimen category is shown (n = number of 
subjects). Based on published data from the author’s laboratory; see 
Fig. 20 in Brandtzaeg [2]. The right part of the figure is modified from 
Fig. 2 in Mowat and Agace [18]
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depend on GALT structures although not on GCs [51]. Thus, 
a likely possibility is that T cell-independent switch to IgA in 
the mouse mainly takes place in the numerous ILFs present 
in the distal gut [2, 5, 52], and that APRIL outside of GALT 
structures both in mice and humans mainly promotes the sur-
vival of PCs in the mucosa, similarly to the role of BAFF in 
the bone marrow [53].

 Intestinal Immunity in Infancy

In parallel with the bacterial colonization, the homing of 
lymphocytes (including IgA+ plasmablasts) to the gut lamina 
propria seems to follow a defined kinetics—apparently 
reflecting a series of endogenous and exogenous signals reg-
ulating intestinal postnatal immune maturation (Fig. 2.2). 
Innate cells—such as lymphoid tissue inducer (LTi) cells, 
natural killer (NK) cells, NK-like NKp46+ cells, and T helper 
2 (Th2)-like cells—migrate during the first 4 weeks after 
birth from the murine fetal liver to the gut mucosa driven by 
endogenous signals [29]. By contrast, enhanced recruitment 
of CD8+ intraepithelial lymphocytes (IELs) and forkhead 
box protein 3 (Foxp3)+ Treg cells to the rodent gut, and also 
the production of anti-inflammatory IL-10, have been associ-
ated with the establishment of the intestinal microbiota [29, 
54]. The Treg cells help to keep proinflammatory CD4+ Th 
cells and cytotoxic CD8+ T cells under control to preserve 
the epithelial barrier [55].

The delay of the postnatal mucosal immune activation 
parallels a temporary immaturity of systemic immunity [25]. 
Very few plasmablasts occur in peripheral blood of newborns 
[56], but after 1 month those with IgA-producing capacity 
(presumably GALT-derived) are remarkably increased [57], 
signifying progressive microbial stimulation. Thus, the num-
ber of IgA+ plasmablasts in the blood of newborns is <8 per 
million mononuclear cells, but is increased to ~600 per mil-
lion mononuclear cells already after 1 month, apparently 
reflecting the progressive microbial stimulation of GALT 
[57]. An initial early elevation of circulating plasmablasts 
(mainly IgM+) occurs in preterm infants, especially those 
with intrauterine infections [56]. Thus, mucosal immune 
cells are competent at least during the final trimester, but 
APCs need to be activated by microbial factors that enable 
them to provide appropriate co-stimulatory signals to naïve 
T cells [58]. The commensals are important to this end as 
shown by the fact that the number of intestinal IgA+ PCs is 
normalized 4 weeks after exposure of germ-free mice to a 
conventional complex gut microbiota [59, 60]. Bacteroides 
and Escherichia coli strains seem to be particularly immuno-
stimulatory, but also lactic acid-producing bacteria contrib-
ute [61, 62]. A study showed that an optimal stimulatory 
effect requires a host-specific microbiota, and the same holds 
true for small-intestinal T-cell activity [63].

In agreement with these observations, only scattered IgM+ 
(and IgG+) intestinal PCs could be seen in newborns, and 
IgA+ cells were either absent or extremely rare even at 10 
days of age [25]. The numbers of IgM- and IgA-producing 
cells increased rapidly after 2–4 weeks—the latter becoming 
predominant at 1–2 months, usually peaking around 12 
months. However, in affluent societies it may take several 
years for the size of the IgA+ PC population to reach that of 
healthy adults, whereas a fast postnatal increase of SIgA was 
observed in children living in developing countries with a 
heavy microbial load [55].

The retarded postnatal activation of GALT parallels the 
functionally decreased systemic immunocompetence in the 
newborn period [25, 26, 58, 64]. Thus, peripheral CD4+ Th 
cells of infants show reduced capacity for cytokine produc-
tion and B-cell help. One reason may be that there are rela-
tively few circulating memory (CD45R0+) T cells in infancy, 
although the responsiveness of neonatal naïve (CD45RA+) T 
cells does not differ significantly from that of virgin counter-
parts in adults. Indeed, the chief explanation for the immuno-
logical immaturity in infancy appears to be a deficient APC 
function [65]. Interestingly, pioneering studies in mice 
showed that the microbiota stimulates a self-limiting intesti-
nal SIgA response [66]. Such transient SIgA production is 
probably necessary to allow access of microbial constituents 
to GALT. In this manner, it seems that the intestinal IgA 
response is continuously adapting to the changing microbi-
ota [67], which would be especially relevant in the early 
postnatal period.

 Secretory Immunity and the Epithelial 
Barrier Function

 Formation and Properties of Secretory 
Antibodies

Most mucosal PCs produce dimers and larger polymers of 
IgA (collectively called pIgA), which contain a disulfide- 
linked 15-kDa polypeptide called the “joining” or J chain 
(Fig. 2.7). The J chain is a prerequisite for active dimeriza-
tion and the export of pIgA through secretory epithelia such 
as the intestinal crypts [68, 69]. This transport is mediated by 
a ~100-kDa glycoprotein called pIgR, which is also known 
as membrane secretory component (SC) [70]. J chain- 
containing pentameric IgM is externally transported by the 
same mechanism (Figs. 2.3 and 2.7) [68, 71], and this pep-
tide is part of the binding site for pIgR/SC independent of its 
involvement in the polymerization process [72].

Apical proteolytic cleavage of the extracellular portion of 
pIgR enables release of SIgA and secretory IgM (SIgM) to 
the lumen. In this manner the ectodomain of pIgR (~80 kDa) 
is “sacrificed” to become bound SC which stabilizes the qua-
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ternary structure of the secretory antibodies, particularly 
SIgA where a disulfide bridge is formed between the two 
partners [28]. Unoccupied pIgR (some 50 %) is constitu-
tively exported in the same manner; the cleaved ectodomain 
is then called free SC [70] and exhibits certain innate immune 
properties such as affinity for E. coli and Clostridium diffi-
cile toxin [3]. Bound SC confers such properties to SIgA and 
contributes to its mucus-binding capacity and its property of 
trapping bacteria in biofilms [73].

Immune exclusion performed by SIgA and SIgM thus 
depends on an intimate cooperation between the mucosal 
B-cell system and the pIgR-expressing epithelium (Fig. 2.7). 
Serum-derived and locally produced IgG antibodies may 
also to some extent contribute to immune exclusion when 
reaching the lumen by noninjurious paracellular diffusion 
[74] or after being transported by the neonatal Fc receptor, 
FcRn [75]. However, IgG is rapidly degraded in the gut 
lumen, although the hepatic super antigen (protein Fv) may 
form large complexes with degraded antibodies of different 
specificities, thereby reinforcing their immune exclusion 
function [76].

As alluded to above, only smaller amounts of pentameric 
IgM are normally exported by the pIgR, and SIgM is not as 
stable as SIgA because bound SC is covalently stabilized 
only in the latter [74]. Immune exclusion is therefore nor-
mally performed mainly by SIgA (Fig. 2.3) in cooperation 

with innate defenses such as mucus, defensins, and peristal-
sis [55]. In newborns and subjects with selective IgA defi-
ciency, however, SIgM antibodies are of greater importance 
than in healthy adults [25, 28]. Thus, while IgA is generally 
undetectable in the mucosa before 10 days of age, IgM+ PCs 
may remain predominant up to 1 month. Thereafter a rapid 
expansion of IgA+ PCs takes place, and some increase may 
be seen up to 1 year of age (Fig. 2.8). The epithelial produc-
tion of pIgR/SC, however, begins in fetal human life around 
3–5 months and is constitutively regulated [25]; its expres-
sion increases steadily until birth and may be followed by a 
postnatal peak (Fig. 2.8), which could reflect the microbial 
encounter. Accordingly, traces of SIgA and SIgM occur in 
intestinal fluid during the first postnatal period, and some 
IgG is often present—mainly reflecting passive transmission 
from the lamina propria which after 34 weeks of gestation 
contains readily detectable maternal IgG [25].

A much faster establishment of SIgA immunity can be 
seen in developing countries with a heavy microbial load 
[77]. Some reports suggest that also probiotic treatment 
enhances the production of IgA, but this was not confirmed 
by measuring IgA in saliva [78]. Nevertheless, after a combi-
nation of prebiotic and probiotic treatment given perinatally 
and for the first 6 months of life, infants that showed an early 
elevation of fecal IgA had reduced risk of allergies before 2 
years of age [79]. Also, in another study it was shown that 

Fig. 2.7 Receptor-mediated export of dimeric IgA and pentameric 
IgM to provide secretory antibodies (SIgA and SIgM) functioning in 
immune exclusion of antigen (Ag) at the mucosal surface. Polymeric Ig 
receptor (pIgR) is expressed basolaterally as membrane secretory com-
ponent (mSC) on mucosal epithelial cells and mediates transcytosis of 
dimeric IgA and pentameric IgM, which are produced locally with 
incorporated J chain (IgA + J and IgM + J) by local plasma cells. 
Although J chain is often expressed by mucosal IgG plasma cells (70–
90 %), it does not combine with this isotype and is therefore degraded 

intracellularly as denoted (±J). Locally produced (and serum-derived) 
IgG is therefore not subject to pIgR-mediated transport, but can be 
transmitted paracellularly to the lumen together with monomeric IgA, 
as indicated. Free SC (depicted in mucus) is generated when pIgR in its 
unoccupied state (top basolateral symbol) is cleaved at the apical face 
of the epithelium like bound SC in SIgA and SIgM. Commensal bacte-
ria in the right-hand panel are coated in vivo with SIgA, which aids 
their containment and thereby promotes microbial–host mutualism. 
Immunofluorescence illustration from Brandtzaeg et al. [161]
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early intestinal colonization with Bifidobacterium species 
was associated with significantly elevated levels of SIgA in 
saliva at 6 months of age [80].

 The Epithelial Barrier Function

The neonatal gut varies among species in terms of maturity, 
depending in part on the length of the gestation period. The 
small intestinal mucosa of newborn humans has a mature 
crypt–villous architecture, with continuous stem cell prolif-
eration, and epithelial cell migration and differentiation. In 
mice, small intestinal crypts only develop 10–12 days after 
birth, accompanied by increased epithelial cell renewal and 
transcriptional reprogramming of enterocytes, which includes 
changed expression of genes involved in nutrient transport, 
metabolism, and cell differentiation [29]. Also, the enteric 
spectrum of antimicrobial peptides changes significantly dur-
ing neonatal development in mice (Fig. 2.8). During the first 
2 weeks of postnatal life, when mature crypt- based Paneth 

cells are absent, the mouse intestinal epithelium expresses 
cathelicidin-related antimicrobial peptide, or CRAMP. The 
Paneth cells start to produce defensins at weaning, and then 
the CRAMP expression decreases.

While defensin production by Paneth cells is independent 
on bacterial colonization, expression of other antimicrobial 
peptides by epithelial cells—such as the C-type lectin regen-
erating islet-derived protein 3γ (REG3γ)—requires a micro-
biota (Fig. 2.8) and is supported by IL-22-producing 
RORγt+NKp46+ lymphocytes [29]. Thus, administration to 
mice of broad-spectrum antibiotics by gavage has been 
shown to reduce significantly the colonic epithelial expres-
sion of 70 genes; and five of the seven genes that were more 
than fourfold less active than normal, encoded antimicrobial 
peptides including Ang4, Pla2g2a, Retnlb, REG3γ, and 
REG3β [55]. REG3γ has furthermore been detected in 
murine γδ IELs in response to microbial stimulation of epi-
thelial cell-intrinsic adapter protein MyD88 signaling, prob-
ably mediated through TLRs [81, 82]. Also human γδ IELs 
seem to belong to the first-line innate mucosal defense as 
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Fig. 2.8 Maturation of the intestinal immune system and the epithelial 
barrier. The production of the human polymeric Ig receptor (pIgR) 
begins in fetal life at 3–5 weeks gestation, but the plasma cells produc-
ing its ligand dimeric IgA are hardly presence before birth. The murine 
neonatal mucosa is characterized by little epithelial cell proliferation, 
absence of developed crypts (intestinal glands) and crypt-based Paneth 
cells, but marked expression of cathelicidin-related antimicrobial pep-
tide (CRAMP); by contrast, the formation of intestinal crypts late dur-
ing the second week after birth in mice initiates increased proliferation 
and rapid epithelial cell renewal, generation of α-defensin-producing 

Paneth cells, and upregulation of the antibacterial C-type lectin regen-
erating islet-derived protein 3γ (REG3γ). A decrease in the epithelial 
expression of Toll-like receptor 4 (TLR4) before birth, and a steady 
increase in the level of the nuclear factor-kB inhibitor IkBα during the 
postnatal period reduce the responsiveness to bacterial lipopolysaccha-
ride and other pro-inflammatory stimuli. Such acquisition of epithelial 
TLR tolerance creates a neonatal period of decreased innate immune 
responsiveness. Note that the small intestinal epithelium at birth has a 
more mature phenotype in humans than in mice. Modified from Renz 
et al. [29]
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deemed from their behavior in AIDS patients and lack of 
response to antiretroviral treatment [83].

Although the so-called “gut closure” normally occurs in 
humans mainly before birth, the mucosal barrier may be 
inadequate up to 2 years of age; the mechanisms involved 
remain poorly defined [84], but the development of secretory 
immunity is probably one decisive variable. Importantly in 
this context, pIgR-deficient knockout mice that lack SIgA 
and SIgM exhibit aberrant mucosal leakiness [85] and have 
increased uptake of food proteins and commensal bacteria 
[86]. A thick virtually microbe-devoid inner mucus layer has 
been revealed at the apical epithelial surface of the normal 
colon [87]; this protected zone apparently limits direct bacte-
rial contact with host cells, but it may nevertheless be perme-
able for MAMPs and antigens derived from the abundant 
microbiota present in the outer mucus layer—particularly 
when SIgA is absent (see later).

Mice lacking pIgR (knockout mice) show significantly 
elevated production of IgG antibodies to commensal bacte-
rial antigens but, interestingly, not to food proteins [85, 86]. 
The undue influx of microbial products causes a generalized 
hyperreactive state with overactivation of the innate cellular 
NF-kB transcription pathway, resulting in 50 % liability of 
these mice to anaphylactic death after systemic antigen sen-
sitization (ovalbumin, OVA) and low-dose intradermal chal-
lenge [88]. However, the pIgR-deficient mice exhibit 
enhanced capacity for induction of oral tolerance, which 

after OVA feeding was fully able to control IgG1- and T cell- 
dependent hypersensitivity against the same antigen 
(Fig. 2.9). This observation might imply that at the same 
time as an inadequate intestinal barrier in the infant repre-
sents a risk for hypersensitivity reactions, it will promote 
tolerance against cognate antigens when they are continu-
ously present in the gut [12].

The postnatal balance between the epithelial barrier func-
tion and oral tolerance thus appears to be critical for the 
induction of immunological homeostasis. Notably, although 
the incidence of food allergy (apparently non-IgE-mediated) 
is increased in children with IgA deficiency, it is not strik-
ingly elevated [89]—perhaps because the induction of Treg 
cells is enhanced in addition to compensatory SIgM, which 
in such individuals partially replaces the lacking SIgA in the 
gut [31, 90]. Also, bacterial overgrowth occurs in the jeju-
num of vagotomized patients only when IgA deficiency is 
combined with suboptimal function of innate defenses such 
as gastric acid and peristalsis [91]. In this context, it is nota-
ble that the frequency of selective IgA deficiency among 
IBD patients in Sweden is significantly increased, especially 
for those with Crohn’s disease (prevalence ratio, 5.7, com-
pared with 3.9 in ulcerative colitis) [92].

AID knockout mice that have SIgA deficiency due to lack 
of Ig class switching, and also exhibit a defect IgM antibody 
response, show massive intestinal overgrowth of commensal 
anaerobic bacteria with a resulting striking hypertrophy of 

Fig. 2.9 Depiction of experimental model for hypersensitivity and oral 
tolerance. Lack of secretory antibodies (SIgA and SIgM) in pIgR 
knockout mice leads to inadequate immune exclusion of bacterial com-
ponents from the gut microbiota. Such conserved microbe-associated 
molecular patterns (MAMPs), e.g., lipopolysaccharide (LPS), will 
interact with pattern recognition receptors (PRRs) on innate immune 
cells, including macrophages (Mφs), which become hyperreactive. 
These cells are therefore sensitive to IgG-containing immune com-
plexes interacting with Fc receptors (FcγRIII), which renders the mice 

predisposed to hypersensitivity (anaphylaxis). The deficient epithelial 
barrier also allows increased uptake of food antigens from the gut 
lumen (e.g., fed ovalbumin) which enhances induction of oral tolerance, 
providing a net anti-inflammatory effect against undue penetration of 
the same antigen into the body by any route (e.g., dermal). Production 
of IgG antibodies against this sensitizing antigen will thus be down-
regulated, and the animal is protected against anaphylaxis and delayed 
hypersensitivity (not shown) after antigen challenge. Adapted from 
Karlsson et al. [88]
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ILFs over time [93]. This development has some resemblance 
to the irregular lymphoid aggregates seen in long- standing 
IBD [94]. In contrast to AID and pIgR knockout mice, how-
ever, IgA-deficient mice (like IgA-deficient humans) have 
compensatory SIgM antibodies in their gut lumen [95]. 
Interestingly, these mice show no increased susceptibility to 
various gut infections or to dextran sulfate sodium (DSS)-
induced colitis, whereas pIgR deficient mice do—probably 
because they lack both SIgA and SIgM [95, 96].

It has been suggested that postnatal hyperreactivity of the 
immune system may also result from intrauterine events, 
probably causing genetically or epigenetically determined 
poor Treg-cell function and immunological immaturity [97, 
98], as also suggested from cord blood studies [99]. In nor-
mal mice it has been shown that neonatal (but not adult) 
CD4+ T cells are strikingly prone to differentiate into Treg 
cells upon stimulation [100]. Moreover, the intestinal epithe-
lium itself is equipped with a vast array of features to control 
immune barrier homeostasis (Fig. 2.8) [101]. These key 
intrinsic mechanisms have been reviewed and include vari-
ables such as secretion of mucins and defensins, inflamma-
some function, intercellular junctional complex regulation, 
and PRR signaling [102]. As discussed in a subsequent sec-
tion, the latter is downregulated in the neonatal gut epithe-
lium to preserve its integrity upon the encounter with the 

commensal microbiota [103, 104].

 Additional IgA Antibody Functions

Antibody production by the numerous intestinal pIgA+ PCs 
may also be important for homeostasis within the lamina pro-
pria as a result of several anti-inflammatory mechanisms. IgA 
lacks ordinary complement-activating properties [105] and 
can therefore block nonspecific biological amplification trig-
gered by locally produced or serum-derived IgG antibodies 
(Fig. 2.10), which may actually increase the penetration of 
exogenous bystander antigens through the surface epithelium 
[106]. This is important in view of the fact that immune com-
plexes are probably formed even within the normal lamina 
propria due to some influx of soluble antigens, particularly fol-
lowing food intake [23]. Also, in vitro and in vivo experiments 
have suggested that soluble antigens—after pIgA-mediated 
noninflammatory trapping in immune complexes—may be 
cleared by the secretory epithelium via pIgR-mediated translo-
cation to the lumen (Fig. 2.10) [3, 4, 107]. Similar experiments 
have suggested that pIgA antibodies can neutralize lipopoly-
saccharide (LPS) and viruses within secretory epithelial cells 
during pIgR-mediated export [3, 4], and thus return harmful 
microbial components to the gut lumen (Fig. 2.11). Mouse 
models have confirmed that the latter mechanism contributes 
to the intestinal defense against rotavirus infection [108], and 
IgA+ PCs with specificity for rotavirus occur in normal jejunal 
mucosa of adults with no signs of current infection [109].

Fig. 2.10 Mucosal homeostasis in the normal gut. Contributing variables 
are presented as a balance between Ig classes (for simplicity, only IgA and 
IgG are indicated) and regulatory T (Treg) cells. Secretory IgA (SIgA) is 
generated from dimeric IgA (with associated J chain) produced by local 
plasma cells and transported to the lumen by the polymeric Ig receptor 
(pIgR), also called membrane secretory component (mSC). After apical 
cleavage, unoccupied receptor is translocated in the same manner and 
called free SC (f-SC), in contrast to the bound SC in SIgA. The secretory 
antibodies act in first-line defense by performing antigen exclusion at the 
mucosal surface (to the right). Antigens penetrating the epithelial barrier 
may meet serum-derived IgG antibodies in the lamina propria. The 

formed immune complexes can activate complement, and the resulting 
inflammatory mediators may cause temporarily increased paracellular 
leakage of IgG antibodies (broken arrow). Sustained inflammation is nor-
mally inhibited by blocking antibody activities in the lamina propria 
exerted by serum-derived or locally produced IgA (competition for anti-
gen depicted) and anti-inflammatory Treg cells. Independent of antibody 
specificity, IgA-containing immune complexes may also inhibit pro-
inflammatory mediator release (TNF-α depicted) from activated phago-
cytic cells such as macrophages (Mφ). Moreover, antigens bound to 
dimeric IgA may be returned in a non- inflammatory manner to the gut 
lumen by the pIgR-mediated transport mechanism, as indicated
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The mucosal clearance function exhibited by pIgA (and 
probably pentameric IgM) antibodies reinforces the immune 
exclusion mediated by SIgA (and SIgM) with innate-like 
low-affinity antibody activity generated against commensal 
bacteria [20, 101], and which to some extent may be cross- 
reactive (Fig. 2.11). The high-affinity antibodies induced by 
pathogens or properly adjuvanted oral vaccines may even 
more efficiently contribute to both immune exclusion and 
mucosal clearance, as reviewed elsewhere [4].

Locally produced pIgA may further influence homeosta-
sis by interacting with the Fcα receptor (FcαRI, CD89) on 
leukocytes in the lamina propria. First, on the one hand it has 
been shown that pIgA-containing immune complexes are 
able to suppress attraction of neutrophils, eosinophils, and 
monocytes, thereby reducing their proinflammatory activi-
ties. On the other hand, when such complexes interact with 
CD89 on neutrophils, leukotriene B4 is released as a chemo-
tactic factor attracting more of these cells [111]. Second, IgA 
can apparently downregulate the secretion of proinflamma-
tory cytokines such as TNF-α from activated monocytes 
[112]. However, it is uncertain whether this mechanism 
operates in the normal gut (Fig. 2.10) because mucosal mac-
rophages do not express detectable surface CD89—at least 
not in the small intestine [113, 114]. Third, neutrophil and 
monocyte activation that results in generation of reactive 
oxygen metabolites (“respiratory burst”) is reportedly inhib-
ited by IgA [115]. Conversely, pIgA may temporarily trigger 
monocytes to enhanced activity—including TNF-α secretion 

[116]—and IgA (particularly SIgA) appears to be a potent 
activator of eosinophils [117, 118]. Indeed, complexed SIgA 
induces respiratory burst and degranulation of these cells, 
while soluble SIgA enhances their survival in vitro [119].

Thus, cross-linking of CD89 during infection with IgA- 
opsonized pathogens may cause proinflammatory responses, 
whereas naturally occurring IgA (not complexed) may 
induce inhibitory signals through CD89, thereby damaging 
excessive reactions [120]. Together, these results suggest 
that the participation of pIgA in mucosal homeostasis is 
quite fine-tuned [121]—perhaps being skewed towards a 
proinflammatory potential in IBD where there are numerous 
granulocytes [111] along with recently recruited monocyte- 
like macrophages which express of the LPS co-receptor 
CD14 and PRRs such as TLR2 and TLR4 [122, 123].

Initially, the shift from the normal predominance of 
mucosal pIgA production to IgG and monomeric IgA in IBD 
lesions [124] may represent a powerful second line of 
defense because these antibodies may efficiently mediate 
immune elimination of penetrating bacteria via phagocytosis 
and antibody-dependent cell-mediated cytotoxicity 
(Fig. 2.11). Notably, by means of CD89 both neutrophils 
[111] and liver Kupffer cells [125] may phagocytose translo-
cated gut bacteria opsonized even with serum-type mono-
meric IgA as alluded to above. Rodent studies suggest that 
the liver is designed to handle this antigen elimination in a 
silent manner because of its unique tolerogenic capacity, 
including induction of Treg cells by plasmacytoid DCs [126]. 
Antigen elimination within the intestinal lamina propria, 
however, may more readily cause inflammation and tissue 
damage when systemic type of immunity is involved; this is 
a risk the immune system sometimes must take to hinder 
sepsis and save life (Fig. 2.11). The role of mucosal IgA and 
oral tolerance is to counteract overactivation of potentially 
harmful immune reactions.

 Effect of Microbial–Host Interactions 
on Innate and Adaptive Immunity

 The Epithelial Barrier and Secretory Immunity

In fetal life, murine gut epithelial cells are sensitive to micro-
bial factors such as LPS (endotoxin) because they highly 
express intracellularly a PRR for this MAMP, namely TLR4 
(Fig. 2.8) [103]. Exposure to LPS in the vaginal tract during 
birth activates the neonatal gut epithelium via TLR4 and 
temporarily upregulates microRNA-146a (miR-146a), which 
leads to degradation of the TLR signaling molecule IL-1R- 
associated kinase 1 (IRAK1). Such translational repression 
of IRAK1 protects the epithelium from microbiota-induced 
damage during transition from a relatively sterile environ-
ment [104, 127]. In remarkable contrast, epithelial tolerance 

Fig. 2.11 Different principles for how secretory antibodies (SIgA and 
SIgM) may contribute to mucosal homeostasis. In addition to immune 
exclusion, the pIgR-mediated external transport of dimeric IgA and 
pentameric IgM (pIgA/IgM) may be exploited for intraepithelial virus 
and toxin neutralization, as well as non-inflammatory antigen (Ag) 
excretion from the lamina propria (see Fig. 2.11). However, when infec-
tion with invasion occurs, systemic immunity takes over; this involves 
proinflammatory mechanisms such as activation of complement (Ċ) by 
IgG antibodies, cell-mediated immunity (CMI), and cytotoxicity—all 
of which may cause tissue damage. Research forming the basis for the 
depicted mechanisms is reviewed in more detail elsewhere [4, 5, 40]
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to the commensal bacteria does not occur in mice delivered 
by cesarean section [103]. These experimental observations 
may be related to the fact that children delivered by cesarean 
section appear particularly prone to develop food allergy if 
they have a genetic predisposition for atopy [128, 129].

The epithelial expression of the NF-kB inhibitor IkBα 
steadily increases during the postnatal period [130]. The 
combination of decreasing levels of TLR4 and increasing 
levels of IkBα in the epithelial cells effectively increases the 
threshold of immune activation in the gut epithelium 
(Fig. 2.8). Also interestingly, decreased IRAK1 protein 
expression in mouse neonatal epithelium requires continu-
ous TLR signaling. This facilitates prolonged upregulation 
of miR-146a expression and simultaneously induces sus-
tained expression of genes supporting cell maturation, sur-
vival and nutrient absorption [131]. Innate immune signaling 
by epithelial cells seems to be essential for immune toler-
ance, as lack of the proinflammatory signaling molecule 
TGF-β-activated kinase 1 (TAK1) specifically in the murine 
intestinal epithelium leads to early inflammation, tissue dam-
age and postnatal mortality [132]. Thus, although inappro-
priate stimulation of the neonatal innate immune system by 
the microbiota must be prevented, controlled innate immune 
activation significantly contributes to nutrient absorption, 
angiogenesis, epithelial cell differentiation, and barrier rein-
forcement [133].

Despite the decreased sensitivity of epithelial cells to 
TLR stimulation in murine neonates, other innate immune 
signaling pathways remain fully functional. For example, 
rotavirus infection of the intestinal epithelium in neonatal 
mice is efficiently sensed by the helicases retinoic acid- 
inducible gene I (RIG-I) and melanoma differentiation- 
associated gene 5, or MDA5 [134]. Confronted with the 

colonization of the gut microbiota, therefore, the neonatal 
intestinal epithelium seems to calibrate its bacterial sensitiv-
ity and modify its signaling pathways after initial stimulation 
while maintaining antiviral host defenses.

Mouse experiments have thus demonstrated a crucial 
postnatal role of commensal gut colonization, both in estab-
lishing and regulating the epithelial barrier, which also 
includes upregulation of pIgR expression [133, 135]. Such 
beneficial effects of microbiota-derived MAMPs appear 
again to be mediated largely via PRRs, particularly TLRs 
and similar innate sensors on the epithelial plasma mem-
brane (apically or basolaterally) or on endosomal membranes 
[101, 136]. Cell culture experiments with the polarized 
human colon carcinoma cell line HT-29 have shown that 
ligation of TLR3 and TLR4 with the respective MAMPs 
(double-stranded RNA and LPS) from the apical side upreg-
ulates pIgR expression (Fig. 2.12) [137], which may then 
increase SIgA (and SIgM) export and thus enhance secretory 
immunity [138]. Gut bacteria of the family Enterobacteriaceae 
can induce this effect [139].

Vitamin A supports secretory immunity, not only by 
enhancing IgA switch and homing of mucosal B cells 
(Fig. 2.4) but also by a positive effect of RA on cytokine- 
induced pIgR expression in intestinal epithelial cell at the 
transcriptional level [140, 141]. Several cytokines derived 
from activated Th cells or APCs may upregulate pIgR 
expression and thereby increase the export of secretory anti-
bodies in response to microbial stimulation (Fig. 2.12) [40, 
138]. A similar pIgR-enhancing effect has been shown for 
the SCFA butyrate in combination with various cytokines 
(Fig. 2.12) [142]. Butyrate is an anaerobic microbial fermen-
tation product of oligosaccharides and an important energy 
source of colonic epithelial cells. Notably, it can increase 

Fig. 2.12 Schematic 
illustrations of three possible 
manners in which pIgR 
expression can be upregulated 
by activation of its gene locus 
PIGR. The effect of the 
cytokines interferon (IFN)-γ, 
interleukin (IL)-4, IL-17, 
tumor necrosis factor 
(TNF)-α, and IL-1 can be 
enhanced by the vitamin A 
derivative retinoic acid (not 
shown). The microbial 
fermentation product butyrate 
in combination with cytokines 
also has an enhancing effect 
on PIGR, and butyrate may 
directly induce regulatory T 
(Treg) cells that counteract 
colitis. Activation of epithelial 
Toll-like receptors (TLR) may 
not only active PIGR but also 
innate defense genes
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gene transcription levels through specific DNA sequences 
[143]. It has, moreover, been shown in different studies that 
butyrate can directly induce Treg cells in the gut [144] and 
thereby inhibit experimental colitis in a mouse model [145].

Altogether, there are many mechanisms by which exoge-
nous variables may maintain the “tone” of intestinal pIgR 
expression above the constitutive level and thus reinforce 
immune exclusion. In addition, polarized gut epithelial cells 
seem to retain their ability to dampen the proinflammatory 
effect of PRR-mediated signals coming from the luminal side 
[135, 136, 146]; but after bacterial invasion, PRR signaling 
from the basolateral side results in NF-kB activation with 
release of epithelial defensins to join the combat against infec-
tion [101, 147]. Accumulating evidence suggests that barrier-
related homeostasis depends on “cross talk” between the 
epithelium (via cytokines and other factors) and lamina propria 
cells including macrophages, DCs, and T cells [148–151].

Thus, when immune regulation is operating in a healthy 
manner, the small amounts of MAMPs and exogenous anti-
gen penetrating into the lamina propria seem to be handled in 
a homeostatic manner by DCs and macrophages, with a bal-
anced cytokine secretion and induction of Treg cells 
(Fig. 2.13). However, if the influx is excessive or regulatory 

mechanisms are defect, immune reactions may be driven into 
hypersensitivity and enter a vicious circle with proinflamma-
tory cytokines and epithelial apoptosis [12, 150–152]. In this 
manner a “point of no return” may be reached, as seen in 
IBD with apoptosis-resistant pathogenic T cells and tissue 
damage (Fig. 2.13). The take-home lesson from most disease 
models in gene-manipulated animals is that a predilection 
exists for immunopathology to occur in the distal gut—
where most commensals reside—when adaptive immunity is 
dysregulated and innate immunity or the intestinal barrier 
function compromised [153, 154].

 The Role of Mucus in Intestinal Barrier Function

Goblet cells secrete mucin glycoproteins and MUC2 is the 
major mucin making up the mucus coat of the intestinal 
 epithelium [87]. This coating is of great importance for the 
interactions between the microbiota and the immune system 
[155]. The epithelium of the small intestine is covered by a 
single loose mucus layer which allows microbial penetration 
(Fig. 2.14a). Nevertheless, bacteria are normally kept at 
a certain distance from the epithelial cells because of 

Fig. 2.13 Model for maintenance of mucosal homeostasis in the gut and 
abrogation of oral tolerance. Epithelial barrier variables, including secre-
tory IgA (SIgA), mucus, defensins, genes (e.g., regulating tight junc-
tions), and cytokines are indicated in the light green panel to the left. (1) 
Normal permeability of the gut epithelium allows some MAMP 
(microbe-associated molecular pattern) and exogenous antigen (Ag) 
uptake (amounts of dietary proteins detected in the circulation after a 
meal are indicated). (2) A minor barrier defect results in increased 
uptake, but mucosal homeostasis is maintained (green panel) when oral 
tolerance is adequately induced by quiescent dendritic cells (DCs) and 
macrophages (Mφs), which both can convert dietary vitamin A to reti-
noic acid (RA) as an aid in their induction of regulatory T (Treg) cells 

(providing the suppressive cytokines IL-10 and TGF-β). If there is an 
innate or immunoregulatory defect, a vicious circle will develop which 
reciprocally acts also on the regulatory network. (3) With more skewing 
towards regulatory dysfunction, the vicious circle will activate the epithe-
lium, and MAMP and Ag uptake is enhanced (graded vertical arrows), 
both by increased permeability and aberrant receptor (R) expression api-
cally on epithelial cells. Food allergy may occur in the dysfunctional, to 
some extent reversible, zone between 2 and 3, as indicated. (4) The 
adverse development may finally result in epithelial activation and apop-
tosis, increased secretion of proinflammatory cytokines, chronic inflam-
mation, apoptosis-resistant effector T cells, chronic inflammatory bowel 
disease (IBD), and tissue damage (red panel to the right)
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 antimicrobial peptides such as REG3γ (Fig. 2.8) [156]. In the 
colon, however, the mucus coat is stratified, with a relatively 
compact inner layer ranging in thickness from 50 μm in the 
mouse to several hundred microns in humans (Fig. 2.14b) 
[157]. This layer normally resists microbial penetration 
although allowing diffusion of structural components of bac-
teria (e.g., MAMPs) and metabolic products such as SCFAs 
(Fig. 2.12). The outer mucus layer is much looser and con-
tains a large number of bacteria which are retained there 
partly because of SIgA antibodies (Fig. 2.14c).

Rogier et al. [158] examined the role of mucus and SIgA 
in inhibiting translocation of bacteria from the gut lumen by 
exploiting knockout mice deficient in pIgR. Pigr+/− females 
were crossed with Pigr−/− males, and vice versa. Colonic 
lumens of newborn offspring of Pigr−/− dams were devoid 
of IgA, whereas offspring of Pigr+/− dams had abundant 
IgA in colonic lumens and feces. At weaning these levels 
dropped, reflecting the loss of maternal SIgA, but then at 
about 4 weeks began to increase in Pigr+/− offspring 
because of endogenous pIgR-mediated external transport of 
SIgA. Failure to receive maternal or endogenous SIgA 
resulted in translocation of aerobic bacteria into MLNs. 
Early exposure to SIgA in breast milk produced a gene 
expression pattern of epithelial cells different from that of 
mice not receiving SIgA, which mimicked that associated 
with IBD in humans. Also, maternal SIgA reduced colonic 

damage in a DSS-model of IBD. It was concluded that 
breastfeeding may promote life-long intestinal homeostasis.

In a different publication [159], the same authors found 
that SIgA co-localized with gut bacteria in the outer colonic 
mucus layer. By using mice deficient for pIgR and/or Muc2, 
they found that Muc2 plays a dominating role in excluding 
bacteria. Accordingly, mice deficient in Muc2 develop a spon-
taneous colonic inflammation similar to IBD in humans [160].

 Interactions of SIgA with Commensal Bacteria

A great proportion of the commensal bacteria in the healthy 
human gut or at other mucosal surfaces are coated by IgA 
[161, 162], probably representing mainly low-affinity SIgA 
antibodies (Fig. 2.7). Such microbial–host interactions con-
tain commensal bacteria in the mucus without eliminating 
them (Fig. 2.14). Thus, it has been shown in a murine infec-
tion model with Salmonella typhimurium that bacteria coated 
with innate-like, cross-reactive SIgA antibodies showed 
reduced shedding and less liability to horizontal spreading by 
the fecal–oral route [95, 110]. Mouse experiments have fur-
ther documented that a gut IgA response to a single commen-
sal microbial epitope (capsular polysaccharide A, PSA) can 
be immunomodulatory and protect against  pathogen- induced 
colitis [48]. Germfree mice monocontaminated with the gut 

Fig. 2.14 Schematic depiction of the small intestine and colon with 
the varying distribution of mucus. (a, b) Intestinal epithelial cells are 
produced from stem cells near the bottom of the glands (named crypts) 
and move upwards to replace the loss of apoptotic cells. Stem cells also 
give rise to mucus-producing goblet cells, and to Paneth cells which 
move downwards to the bottom of the crypts and produce a variety of 
antimicrobial peptides (AMP). Intraepithelial lymphocytes (IEL) are 
more numerous in the small intestine than in the colon. The small 

intestine is covered by a loose layer of mucus whereas the colon has a 
compact inner layer and an outer loose layer where bacteria are 
retained. (c) Three-color immunofluorescence of a tissue section from 
the human colon, showing that IgA is concentrated in the outer mucus 
layer (OM) but hardly detectable in the inner mucus layer (IM). The 
cartoon on the left is adapted from Fig. 1 in Mowat and Agace [18] 
while the immunofluorescence illustration on the right is from Fig. 6 in 
Rogier et al. [159]
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commensal Bacteriodes thetaiotaomicron demonstrated that 
specific SIgA antibodies directed against PSA in the gut 
inhibit activation of innate response markers such as oxida-
tive burst and NFkB, thereby inducing crucial modulation of 
immune homeostasis as well as antigenic drift [163]. SIgA 
antibodies can hence control the intestinal microbiota in a 
non-inflammatory manner, promoting mutualism with the 
host [164].

Although mucosal IgA responses to commensal bacteria 
may be multicentered, of low affinity and diverse, oral immu-
nization of mice with a cholera toxin-adjuvanted novel anti-
gen was shown to result in a strong oligoclonal response of 
affinity-matured IgA+ B cells [165]. Interestingly, it was 
found that the response was highly synchronized throughout 
the entire intestine by involving multiple Peyer’s patches. 
Thus, by reutilizing already existing CGs, antigen-specific B 
cells would be subjected to clonal expansion and somatic 
hypermutation. This process was shown to require antigen 
recall by multiple immunizations, and the study helps to 
clarify mechanisms underlying the functional flexibility of 
mucosal antimicrobial IgA responses: from “natural” polyre-
active (or cross-reactive) low-affinity to a specific high- 
affinity “classical” response (PB)—a distinction that is a 
major challenge to mucosal vaccine design [166].

The difficult issue of affinity maturation of mucosal B 
cells, and how the mucosal immune system can distinguish 
between the indigenous microbiota and overt exogenous 
pathogens, has been discussed in several articles [167–171]. 
The mucosal barrier and its reinforcement by SIgA, as well 
as the mucosal immunoregulatory network, require both 
adaptive and innate induction by antigens and conserved 
MAMPs—the latter activating germ line-encoded cellular 
PRRs such as TLRs [10, 11]. It is elusive how such receptors 
would be able to discriminate between signals provided by 
MAMPs from commensals and MAMPs from pathogens 
(previously called pathogen-associated molecular patterns, 
PAMPs); but this distinction is clearly required to elicit 
tolerogenic versus proinflammatory immune responses 
needed for protection against invasive infections (Fig. 2.15). 
Various scenarios may be visualized—the most likely being 
that overt pathogens, in addition to signaling through PRRs 
and B-cell receptors, exhibit special danger signals or 
immune evasion mechanisms related to the pathogenicity—
that is, factors determining virulence and invasiveness [172–
174], or the so-called effector-triggered immunity [175, 
176], while competition for metabolically shared nutrients 
may also be involved [177, 178].

In human feces, some 40 % of the anaerobic bacteria are 
normally coated with IgA162 and this phenomenon can be 
observed in early childhood [179]. Such IgA containment of 
commensals, without eliminating them, is probably impor-
tant for the mutual host–microbe interaction, contributing to 
sustainable homeostasis by dampening proinflammatory 

signaling in the host and providing an immune pressure on 
commensal bacteria [178, 180]. This results in antigenic 
drift without altered composition of the microbiota, or the 
so- called dysbiosis [163, 181]. Most likely this IgA coat 
largely represents “natural” cross-reactive antibodies [20, 
60] but may also depend on innate properties of SIgA, as 
discussed previously [3]. In mouse experiments with 
Salmonella typhimurium infection it was found that bacteria 
coated with such “natural” IgA showed reduced shedding 
and less liability to horizontal spreading by the fecal–oral 
route [110].

The IgA coating of gut bacteria in mice has been shown to 
be unrelated to the total amount of SIgA exported to the 
intestinal lumen, supporting that a specific reaction is 
involved [182]. Also, other mouse experiments demonstrated 
that the commensal coating with IgA in feces depended on 
appropriate clonal B-cell selection and affinity maturation in 
GCs of GALT, and perhaps to some extent also in the lamina 
propria [181]. This finding showed that the coating to a sub-
stantial degree reflects a specific IgA response. It has there-
fore been speculated that potentially pathogenic commensals 
(pathobionts) might show increased IgA coating in the gut 
lumen. This idea is supported by findings in patients with 
IBD, where there is dysbiosis [178, 183] and the fraction of 
anaerobic bacteria with IgA is raised to 65 %, with 45 % also 

Fig. 2.15 Hypothetical depiction of how the intestinal immune system 
handles symbionts and potentially pathogenic residents (pathobionts) 
of the commensal microbiota versus overt exogenous pathogens. 
Secretory IgA (SIgA) antibody levels against commensal bacteria may 
go in waves because of epitope drift and shielding of gut-associated 
lymphoid tissue from antigen uptake. The overall affinity of SIgA anti-
bodies probably increases with age and may be enhanced (or reduced?) 
against pathobionts during dysbiosis, and particularly raised by persis-
tent stimulation with overt pathogens. One goal of mutualism with 
commensals is mucosal barrier reinforcement by mechanisms listed 
such as SIgA export and induction of regulatory T cells and antimicro-
bial peptides, whereas pathogens as exemplified in the right panel 
exhibit various virulence mechanisms to break the barrier. Adapted 
from Brandtzaeg [55]
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carrying IgG [184]. Thus, increased antibody coating could 
reflect dysbiosis (Fig. 2.15). However, in celiac disease, 
where there is also dysbiosis [185], the IgA coating of fecal 
bacteria is significantly reduced [179]. So the biological sig-
nificance of this phenomenon remains uncertain, and the 
degree of IgA coating might reflect a combination of innate 
and specific bacterial binding properties of SIgA. In a recent 
study, however, it was suggested that high SIgA coating of 
certain commensals trapped in the mucus identified colito-
genic bacteria able to drive colitis in a mouse model [186].

Altogether, SIgA does not seem to cause clearance of 
commensal bacteria, but controls in various ways their colo-
nization and inhibits the penetration of agents that could 
potentially cause hypersensitivity reactions or infection [55]. 
In the absence of B cells, or when IgA is lacking, the intesti-
nal epithelium of mice will, in response to commensal bacte-
ria, upregulate its innate defense in an NFkB- and 
interferon-dependent manner [55, 180]; this could be at the 
expense of expression of genes that regulate fat and carbohy-
drate metabolism [187]. As a consequence, the epithelial 
gene signature might correlate with the development of lipid 
malabsorption [188]. The intestinal epithelial barrier is a 
cross-road between surface defense and nutrition, and SIgA 
is apparently essential to keep the balance between these two 
functions and thus maintain mucosal homeostasis.

Experimental studies have also revealed how intestinal 
homeostasis is mediated by host–microbe interactions in 
mice mono-colonized with the Clostridia-related segmented 

filamentous bacterium (SFB) which particularly grows in the 

distal ileum [189, 190]. SFB adheres to murine GALT struc-
tures and stimulate T-cell as well as IgA responses. Here a 
distinction is needed between murine B1 (T cell- independent) 
and B2 (T cell-dependent) responses when comparing these 
structures with the lamina propria; this distinction is as yet 
not clear [5, 36]. It is also possible that GALT may take up 
immune complexes containing SIgA bound to commensals 
via an as yet uncharacterized receptor for IgA on M cells and 
then induce a homeostatic response (Fig. 2.16). This mecha-
nism was suggested to direct the opportunistic bacterium 
Alcaligenes into murine GALT and thereby make these tis-
sue structures more resistant to pathogen invasion [191]. 
More recently it has been shown that goblet cells may also be 
involved in uptake of antigens from the gut lumen [192].

 Role of IgA and Breastfeeding in Immune 
Control

The level of SIgA appears to contribute to an individual’s 
threshold for hypersensitivity reactions to exogenous anti-
gens [12]. Thus, the risk of contracting allergy seems 
increased when the development of the IgA system is retarded 
and the SIgA-dependent barrier function insufficient [193]. 
Minor dysregulations of both innate and adaptive immunity 
(especially IgA) have been observed in children with multi-
ple food allergies [194]. These clinical observations are in 
accordance with the hyperreactivity (Fig. 2.9) and sensitivity 

to DSS-induced colitis seen in pIgR knockout mice [96].

Fig. 2.16 Putative integration of the immune systems of mother and 
her breast-fed baby via M cell-mediated antigen uptake. Secretory IgA 
(SIgA) antibodies in breast milk may guide induction of the infant’s 
intestinal immune system because M cells of Peyer’s patches express 
receptor(s) for IgA. This as yet uncharacterized receptor may facilitate 
uptake of antigens that have formed immune complexes with cognate 
maternal SIgA antibodies in the gut lumen of the infant. The complexes 

may be further target to dendritic cells (DC) which carry them to mes-
enteric lymph nodes where a homeostatic immune response dominated 
by secretion of TGF-β and IL-10 is induced. Based on experimental 
data reviewed by Corthésy [3]. Details of M-cell pocket with its cellular 
content is schematically shown in the panel on the left. FAE follicle- 
associated epithelium, Mφ macrophage, APC antigen-presenting cell, 
FDC follicular DC, TGF transforming growth factor, IL interleukin

P. Brandtzaeg



41

It is therefore not surprising that exclusive breastfeeding 
up to the age of at least 4 months has an allergy-preventive 
effect, also in families without atopic heredity [195–197]. 
Moreover, having been breast-fed for at least 3 months pro-
tects against both Crohn’s disease and ulcerative colitis in 
adulthood [198], and probably also against pediatric IBD 
[199]. Importantly, mothers with IBD receiving anti- 
inflammatory drugs can in most cases safely breastfeed their 
babies, and it may even provide a protective effect against 
disease flare [200–202].

In addition to the remarkable reinforcement of mucosal 
defense provided by maternal SIgA (and SIgM) antibodies 
as a natural immunological “substitution therapy,” it is 
important to emphasize the positive nutritional effect of 
breastfeeding on immune development [193]. Mother’s milk 
also contains a number of immune cells, cytokines, and 
growth factors that may exert a significant biological effect 
in the breast-fed infant’s gut, apparently enhancing in an 
indirect way even the subsequent health of the individual 
[34, 193, 203]. Moreover, its high content of human-specific 
oligosaccharides serves as a prebiotic promoting the growth 
of lactic acid-producing bacteria and reducing anaerobic 
bacteria in the gut of breast-fed infants [193]. Probiotic bac-
teria can reportedly also occur in breast milk [204], perhaps 
after being transported to the mammary glands from the gut 
by DCs [205].

Numerous studies of the effect of breastfeeding on the 
development of secretory immunity have been performed 
with salivary IgA measurements as a readout system. 
Discrepant observations have been made and the influence of 
contaminating the sample with milk SIgA, shielding of the 
suckling’s mucosal immune system by maternal SIgA anti-
bodies, and altered growth and composition of the infant’s 
gut microbiota have been discussed as possible uncontrolla-
ble variables. Moreover, several prospective studies have 
reported that the postnatal increase of salivary IgA (and IgM) 
initially is more prominent in formula-fed than in solely 
breast-fed infants [25].

Nevertheless, evidence suggests that breastfeeding pro-
motes the development of secretory immunity over time [26, 
193], apparently even at extraintestinal sites such as the uri-
nary tract [203]. Thus, although breastfeeding initially may 
reduce the induction of SIgA, it appears later on in infancy 
(up to 8 months) to boost secretory immunity. As mentioned 
above, one possibility is that SIgA antibodies in mother’s 
milk guide the uptake of cognate luminal antigens via 
receptor(s) for IgA on M cells (Fig. 2.16); as suggested by 
mouse experiments, the antigens may further be targeted to 
DCs which migrate to MLNs where they induce a homeo-
static immune response [3].

Traces of exogenous antigen transferred into the milk 
of mothers may thus contribute to the induction of oral 
 tolerance in the breast-fed infant; therefore, allergen avoid-
ance during lactation is no longer recommended [12]. 

Various mouse models have indeed documented that antigen 
appears in the milk of exposed mothers and that it can induce 
Treg cells in the suckling neonate, either together with 
TGF-β or after complexing with IgG antibody and transfer 
by FcRn into gut mucosa [206, 207]. In human milk, mater-
nal SIgA- containing immune complexes may perform a sim-
ilar function (Fig. 2.16). Interestingly in this context, a 
review of TGF-β levels in human milk suggested that this 
cytokine protects against allergy in the breast-fed infants and 
young children [208]. It has also been reported that genes 
modulated during epithelial gut differentiation in the neo-
nate, are differentially expressed in breast-fed and formula-
fed infants [209]. It is unknown whether this was a direct 
effect of milk components or caused by differences in the 
microbiota of the two feeding groups.

 Mucosal Homeostasis 
Versus Hypersensitivity

 Oral Tolerance in Humans

It is believed that oral tolerance is largely explained by differ-
ent T-cell events such as anergy, clonal deletion, and induction 
of Treg cells by conditioned APCs, although other regulatory 
principles may be involved [12, 26, 193, 210–212]. For ethi-
cal reasons, the existence of mucosally induced tolerance in 
human beings is supported mainly by circumstantial evidence. 
Thus, the gut mucosa of healthy individuals contains virtually 
no hyperactivated T cells and hardly any proinflammatory 
IgG production, and their serum levels of IgG antibodies to 
food antigens are low [193]. Moreover, the systemic IgG 
response to dietary antigens tends to decrease with increasing 
age [213, 214], and a hyporesponsive state to bovine serum 
albumin has been demonstrated by intradermal testing in 
adults [215]. Interestingly, nasal application or feeding of a 
novel antigen (keyhole limpet hemocyanin) in healthy people 
induced peripheral downregulation of T-cell immunity and, 
less consistently, also suppressed systemic antibody responses 
to subsequent parenteral immunization [216, 217]. By con-
trast, oral tolerance could not be induced in patients with IBD 
where the epithelial barrier is severely deteriorated and the 
immunogenetics favors mucosal inflammation [218, 219].

 Mucosal Tolerance Induction

In healthy human gut mucosa, resident APCs are quite inert 
in terms of immune-productive stimulatory properties [220], 
and they hardly express detectable surface levels of TLR2 or 
TLR4 [221]. Also, only negligible expression of the LPS co- 
receptor CD14 is normally observed on these cells, and their 
proinflammatory cytokine response is usually low after LPS 

stimulation [113, 222]. Nevertheless, the phagocytic and 
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bacteriocidal activity of mucosal macrophages is maintained 
[223], which would be important for silent clearance of com-
mensal bacteria normally penetrating into the mucosa in 
small numbers [11, 20, 224].

These observations support the notion that both macro-
phages and DCs play a central role in oral tolerance [13], and 
most human intestinal APCs come from a common myeloid 
progenitor and often show an intermediate phenotype [225, 
226]. Heterogeneity of murine lamina propria APCs has also 
been highlighted [227, 228]. In vivo observations in mice 
suggest that DC development from monocytes to the pheno-
type DC-SIGN/CD209+ is a predominant pathway when 
abundant LPS is available [229], such as in the gut. The sub-
epithelial band of monocyte-derived CD103-CX3CR1+ cells 
in the murine gut mucosa is indeed macrophage-like [226]. 
These cells express tight-junction proteins and can extend 
their dendrites into the lumen to sample antigens.

In a quiescent steady state, however, mucosal 
CD103+CCR7+ DCs (and possibly macrophages) are migra-
tory and carry penetrating dietary and innocuous microbial 
antigens away from the gut mucosa after being transferred to 
them from CX3CR1+ cells through gap junctions [33, 230–
232]. This may be particularly relevant for the upper small 
intestine where the CD103+ DCs end up in lymph nodes 
whose environment is different from that of MLNs in the 
more distal gut [18]. In the mucosa-draining lymph nodes a 
portion of the migrating CD103+ DCs becomes conditioned 
for tolerance induction and drives the expansion of Treg cells 
[26]. It has been shown in humans that the tolerogenic prop-
erties of these DCs partly depends on expression of indole-
amine 2,3-dioxygenase (IDO) [233]—an enzyme known to 
be involved in DC induction and function [234]. 
Hyperactivation of effector T cells in the intestinal mucosa 
with accompanying inflammation can thus be inhibited by 
this DC-dependent regulatory mechanism, both initially and 
subsequently. This is so because homeostatic control is also 
exerted when the generated Treg cells home from the lymph 
node to the lamina propria [12]—a homing that seems to be 
particularly active in infancy [235]. In the lamina propria the 
Treg cells are then expanded by IL-10 derived from macro-
phages [236].

A dietary effect on the induction of Treg cells is exerted 
through the conversion of vitamin A to RA by the enzyme 
RALDH, which is expressed both by intestinal DCs, macro-
phages, and epithelial cells [37, 227], as well as by MLN 
stromal cells [237]. In the upper part of the small bowel, reti-
noids from bile may exert an important enhancing effect [18, 
238]. In a recent study RA signaling in B cells was, more-
over, shown to be essential for their IgA response and for 
interacting with the microbiota [239]. The impact of bile 
retinoids on the mucosa of the upper small intestine may 
therefore be crucial for immune homeostasis in relation to 
both dietary and microbial antigens in that region.

Together with IL-2, TGF-β and IL-10, RA can drive induc-
tion of Treg cells [240–243]—which in the human periphery 
are heterogeneous and apparently may differentiate either by 
conversion from a naive (CD45RA+) phenotype or from rap-
idly proliferating T cells with a memory/effector (CD45R0+) 
phenotype with different migratory properties [244, 245]. It is 
the latter that expresses high levels of the transcription factor 
Foxp3 and seems to be actively suppressive [246].

Most information about Treg cells is necessarily derived 
from mouse experiments. Human Treg cells seem to be func-
tionally and phenotypically more diverse than the murine 
counterparts, including the expression of the activation 
marker CD25 and the Foxp3 transcription factor [247]. There 
is also a need for better understanding for the functional sta-
bility and plasticity (e.g., acquisition of a Th17 phenotype) 
of Treg cells [248].

 Recognition of Microbial Components

Final cellular conditioning for oral tolerance in MLNs 
appears to depend on appropriate stimulation of the migrat-
ing mucosal APCs by certain MAMPs derived from com-
mensal bacteria (Fig. 2.17), which induce the signaling 
molecules and transcription factors dictating the differentia-
tion pathways and cytokine profiles of the activated T cells 
[11, 12, 249]. Components of intestinal parasites such as hel-
minths can exert similar immune modulation [10, 14, 250–
252]—apparently to some extent through induction of Treg 
cells by mimicking the effect of TGF-β by ligation of its 
receptor [253]. Indeed, helminth-derived immunomodula-
tors may be important in future medication for IBD [254]. 
Also of note, several studies suggest that LPS plays a central 
role in the early programing of the immune system [255, 
256]; and there is an ongoing search to find out if hypersen-
sitivity to exogenous factors is associated with hereditary 
single nucleotide mutations (polymorphism) in PRRs recog-
nizing this and other MAMPs, such as CD14, TLR2, TLR4, 
and NOD [257, 258]. For instance, a proof of principle in 
Crohn's disease is the dose effect of mutations affecting the 
intraepithelial PRR function of the NOD2 (CARD15) gene 
encoded by the IBD susceptibility locus (IBD1) on 
 chromosome 16 [259]. One of several putative pathogenic 
mechanisms is illustrated (Fig. 2.18) [260].

Altogether, the extended hygiene hypothesis implies that 
suboptimal PRR stimulation, with delayed maturation of the 
mucosal immune system with insufficient induction of Treg 
cells or other components of the mucosal barrier defense, 
contributes significantly to the increasing incidence of not 
only allergy—commonly reflecting overactivation of Th2 
cells—but also other immune-mediated inflammatory disor-
ders such as IBD—reflecting overactivation of Th1 or Th17 
cells (Fig. 2.18). In the perspective of evolution, Th2 cells 
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have had a crucial role in host defense against parasites 
[261], whereas Th1 and Th17 cells are normally important 
for proper defense against infections [10, 14].

This basis for the hygiene hypothesis has been tested in 
several clinical studies evaluating the beneficial effect on 
immune homeostasis exerted by probiotic bacterial prepara-
tions derived from the commensal intestinal microbiota and 
eggs of the porcine helminth (whipworm) Trichuris suis 
[14, 252]. In this context, viable strains of lactobacilli and 
bifidobacteria have been reported to enhance IgA, both in 
humans and experimental animals, but these responses have 
not translated convincingly into clinical effects [262, 263]. 
To select the right probiotic strains, or symbiotic combina-
tions with prebiotics or breast milk, remains a difficult 
task—and there are safety issues [264, 265]. Experimental 
studies have indicated that certain probiotic bacterial strains 
in fact may be proinflammatory while others may induce 
DCs, directly or via epithelial mediators, to exert anti-
inflammatory effects [266].

It is unknown whether probiotics and prebiotics might 
work mainly through SIgA-mediated reinforcement of the 
barrier function, expansion of Treg cells, or the involvement 
of both these anti-inflammatory mechanism—perhaps com-
bined with direct strengthening of epithelial integrity 
(Figs. 2.13 and 2.18). Notably, the most promising results 
have been reported for atopic eczema [262]. This skin dis-
ease is often seen in patients with IgE-mediated food allergy 
(20–40 %) and is particularly associated with loss-of- 
function mutations in the fillagrin gene, which is involved in 
the epidermal barrier function [267]. Similar mutations 
appear to predispose for the combination of atopic eczema 
and asthma [268]. These findings apparently reflect that a 
leaky surface epithelium anywhere in the body may be a pre-
disposing condition for allergen penetration, and that food 
allergy could be a consequence rather than a cause of atopic 
eczema [12]. Therefore, the use of this disorder as a clinical 
readout of intervention effects on food allergy may not be 
scientifically acceptable.

Fig. 2.17 Decision-making in the mucosal immune system is modu-
lated by co-stimulatory signals (cytokines and ligands) operating in the 
synapse between antigen-presenting cell (APC) and T cell. Activation 
of CD4+ T cells occurs when APC takes up antigen and processes 
(degrades) it to immunogenic peptides for display to the T-cell receptor 
(TCR) in the polymorphic grove of HLA class II molecules (HLA-II). 
The level of co-stimulatory signals determines T-cell modulation (acti-
vation and conditioning). When CD4+ helper T (Th) cells are primed for 
productive immunity, they differentiate into Th1, Th17, or Th2 effector 
cells with polarized cytokine secretion (blue panels on the right). Such 
skewing of the adaptive immune response depends on the presence of 
microenvironmental factors, including cytokines, as well as signals 
from microbial components. Bacterial endotoxin (lipopolysaccharide), 
lipoproteins, unmethylated CpG DNA, and other conserved structural 
motifs are called microbe-associated molecular patterns (MAMPs); 
they are sensed by cellular pattern-recognition receptors (PRRs) such as 
CD14, toll-like receptors (TLRs), C-lectin receptors (CLRs), and NOD- 

like receptors (NLRs), including NOD2. Signaling from PRRs to the 
nucleus of APCs and T cells stimulates various degrees of activation 
and functional maturation of APCs and will thereby dictate differential 
expression of various co-stimulatory signals directing activation of 
either Th1 or Th17 or Th2 cells. Their cytokines induce various adap-
tive defense mechanisms or immunopathology (red panels on the 
right). The Th cytokine profiles are further promoted by the depicted 
positive and inhibitory feedback loops. Under certain conditions, rather 
immature but yet conditioned APCs may induce various subsets of 
regulatory T (Treg) cells as indicated in the light green area; by their 
cytokines IL-10 and TGF-β, or by interactions depending on CTLA-4 
and the transcription factor Foxp3, the Treg cells can suppress Th1, 
Th17, and Th2 responses, including pathogenicity with detrimental 
innate immunity and inflammation (red panels on the right). CTLA-4, 
cytotoxic T-lymphocyte antigen 4; IFN, interferon; IL, interleukin; 
TGF, transforming growth factor; TNF, tumor necrosis factor. CMI cell- 
mediated immunity, DTH delayed-type hypersensitivity
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 Innate Signals Dictating Homeostasis

Microorganisms have inhabited Earth for at least 2.5 billion 
years, and the power of the immune system is a result of 
coevolution in which especially commensal bacteria have 
shaped host defense in a state of mutualism [10, 14]. The 
prevailing mucosal homeostasis in the gut mucosa is indeed 
remarkable because of the large surface area to be defended—
continuously being exposed to at least 1000 different bacte-
rial species (Figs. 2.6 and 2.13). The gut microbiome is 
perhaps 100 times larger than the human genome [269]. In 
addition, the human gut harbors an unknown number of 
viruses [270]. Thus, while the intestine represents the largest 
exposure to microorganisms, it is also a major route of expo-
sure to exogenous protein antigens (i.e., food) and micronu-
trients with immunomodulatory properties [12].

The original hygiene hypothesis postulated that the 
increasing incidence of allergy in westernized societies was 
explained by reduced or aberrant microbial exposure early in 
infancy, resulting in too little Th1-cell activity and therefore 
an insufficient IFN-γ level to downregulate optimally the 
prenatal Th2-cell responses which apparently can be ascribed 
to the cytokine thymic stromal lymphopoietin (TSLP) 
secreted by placental trophoblasts [271]. In this context, an 
appropriate postnatal encounter with a balanced commensal 
microbiota and exposure to foodborne and orofecal patho-
gens probably may exert an important homeostatic impact 
[272, 273], both by enhancing the SIgA-mediated barrier 

and promoting oral tolerance through a shift from a predomi-
nant Th2-cell activity in the newborn period [274]. The 
extended hygiene hypothesis postulates that induction of 
Treg cells is an important part of such microbe-driven 
homeostasis to avoid both allergy and other immune- 
mediated inflammatory disorders such as IBD [14].

Naturally occurring Treg cells with suppressive properties 
are present in large numbers in human fetal MLNs [275], 
probably as part of a peripheral tolerance to keep autoreac-
tive effector T cells in check to avoid inflammation and tis-
sue damage [243]. These Treg cells are apparently induced 
in the thymus and expanded in the periphery [276, 277]. 
After birth, the decision for induction of hyporesponsiveness 
against innocuous exogenous antigen, versus potentially 
harmful systemic-type productive immunity, may be largely 
instructed in mucosa-draining lymph nodes such as MLNs, 
as discussed above. In the distal part of the gut, the driving 
force in this homeostatic mechanism appears to be the micro-
bial impact that conditions APCs and T cells for tolerance by 
balancing polarizing cytokines induced via PRRs (Fig. 2.17).

Thus, MAMPs do directly modulate not only the epithe-
lial barrier function of neonates [103, 104] but also the acti-
vation profiles of innate and adaptive immune cells 
(Fig. 2.13). Appropriate balancing of the immune system 
appears to depend on a fine-tuned “cross talk” between 
APCs/innate immunity and T cells/adaptive immunity dur-
ing certain windows of opportunity, particularly early in the 
newborn period [12, 14, 26], and probably even late in fetal 

Fig. 2.18 Hypothetical model for the role of NOD2 (CARD15) in 
maintenance of intestinal mucosal homoeostasis (left), and how a defect 
in this susceptibility gene for Crohn’s disease may impair the epithelial 
barrier function and lead to innate inflammation (right). Secretion of 
antimicrobial peptides, such as defensins from epithelial cells (particu-
larly Paneth cells), depends on intracellular sensing of CARD15/NOD2 
ligands, particularly the peptidoglycan muramyl dipeptide (MDP). 
Certain mutations in CARD15/NOD2 impair this defense function, 

leading to penetration of luminal antigens and bacteria which will result 
in acute inflammation with accumulation of polymorphonuclear granu-
locytes (PMN). However, when this innate response is defect, as seen in 
Crohn’s disease, antigen-presenting cells (APC), such as dendritic cells 
(DC), will be hyperactivated, leading to a strong chronic effector 
response with stimulation of pathogenic Th1 and Th17 cells. Model 
based on an idea proposed by Marks et al. [265]
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life [278]. Concepts such as epigenetic programming in 
utero and subsequent epigenetic regulation are being consid-
ered as critical pathways through which environmental 
changes could alter expression of genes which lead to 
immune homeostasis or dysregulation [98], apparently also 
involving Treg cells and the Th1/Th17:Th2 balance [279, 
280]. It is possible that opportunities for reprogramming 
may be a life-long process, thus explaining the late emer-
gence of immune-mediated diseases in some individuals.

 Effects of Genes Versus the Environment

The increasing incidence of immune-mediated diseases in 
affluent societies indicates that susceptibility genes for dys-
regulation are quite universal, such that they can be induced 
readily with environmental change. Epigenetics is an active 
research field providing novel understanding of how the envi-
ronment can have heritable genomic effects and promote dis-
ease [98, 258, 280]. A number of early life exposures, including 
dietary nutrients and microbial exposure in utero, have been 
shown to have effects on gene expression with an impact on 
the clinical phenotype. For instance, mice born to dams 
exposed to bacteria during pregnancy experienced less allergy 
than those born to unexposed mothers, and maternal TLR sig-
naling was needed for this transmission of protection [281]. 
Even the sensitivity of gut epithelial cells to LPS exposure via 
TLR4 may be subjected to epigenetic regulation [282].

However, the heredity of polygenic diseases is complex 
and the family history remains the best prediction of both 
allergy [283] and IBD [284]. Hopefully, the apparently inher-
ent plasticity of the immune system may in the future provide 
opportunities for reprogramming to facilitate more effective 
prevention and treatment of these disorders. Thus, even APCs 
of adults can be conditioned to induce Treg cells by environ-
mental factors such as LPS and cell wall lipids from parasites 
[285, 286]. Moreover, transient infestation with porcine hel-
minths has been shown to have a beneficial effect on mucosal 
homeostasis in adult IBD patients [252], and the same has 
been shown in experimental models of allergy [251].

 How Decisive Are Commensal Bacteria?

Commensal gut bacteria play a central role in the extended 
hygiene hypothesis. Thus, the intestinal microbiota of young 
children in Sweden was found to contain a relatively large 
number of Clostridium spp., whereas high levels of 
Lactobacillus spp. and Eubacterium spp. were detected in an 
age-matched population from Estonia [287]; this difference 
might contribute to the lower incidence of allergy in the 
Baltic countries compared with Scandinavia [288]. A Finnish 
study likewise reported that allergic infants had more 

Clostridia and tended to have fewer bifidobacteria in their 
stools than nonallergic controls [289].

Absence of early postnatal gut colonization with a normal 
commensal microbiota dominated by lactic acid-producing 
bacteria might likewise contribute to the increased risk for 
food allergy generally noted in children delivered by cesar-
ean section, particularly when genetically predisposed [138, 
139]. Nevertheless, in clinical studies it has been difficult to 
reveal a convincing effect on oral tolerance by probiotic peri-
natal intervention, even in children at high risk for food 
allergy [262]. The same conclusion was reached with regard 
to IgE-mediated allergy at the age of 5 years (including food 
allergy) after extending the postnatal intervention (four pro-
biotic strains combined with prebiotics) until the age of 6 
months, as observed in a Finnish study [290]. However, for 
children delivered by cesarean section a modest but signifi-
cant allergy reduction was noted when they were random-
ized to the same regime [290]. Thus, there is hope for clinical 
benefits by balancing the colonization of the gut microbiota 
and inducing homeostatic immune regulation [12].

The feeding and treatment conditions (e.g., antibiotics) to 
which the newborn is subjected, and also the general nutri-
tional state, may have an impact on the indigenous microbiota 
and on epithelial integrity; such variables may hence modu-
late the programming of the mucosal immune system [291, 
292]. Intestinal colonization of lactobacilli and bifidobacteria 
is promoted by breast milk because it acts as prebiotics 
through its large amounts of human oligosaccharides [193, 
292], and it may also contain probiotic gut bacteria [204, 293].

Cell culture studies have suggested that probiotics could 
be directly immunomodulatory by enhancing the Th1 profile 
via induction of IL-12, IL-18, and IFN-γ secretion [294, 
295]. Also notably, E. coli is a strong inducer of IL-10 secre-
tion, apparently derived both from APCs and Treg cells [244, 
296]. Importantly, Treg cells bear PRRs for several MAMPs 
[297], and IL-10 is crucial for maintained expression of the 
Foxp3 transcription factor [298], which contributes signifi-
cantly to the suppressive function of these cells [243]. IL-10 
has been directly shown to be an important suppressive cyto-
kine in the murine gut [299].

The above information collectively implies that the gut 
microbiota has an impact on mucosal homeostasis beyond 
that of enhancing the SIgA system, namely by promoting a 
balanced development of Th1, Th17, Th2, and Treg cells 
[262, 264]. As mentioned previously, however, the selection 
of safe and effective probiotic strains remains difficult.

It has been reported that murine colonic Treg cells are 
largely specific for antigens derived from commensal bacte-
ria, suggesting that the Treg-cell repertoire is shaped signifi-
cantly by the local antigenic environment in a process of 
peripheral education of the immune system [300]. Such 
extrathymic generation of Treg cells has also been observed 
in the gut of mice fed a soluble protein antigen; and there is 
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apparently a reciprocal effect on preserving the composition 
of the gut microbiota, probably because the local induction 
of Treg cells maintains a healthy mucosa [301]. However, it 
remains unclear how DCs and T cells can integrate stimula-
tion derived through a variety of their PRRs, although it has 
been shown that C-typ lectins with affinity for microbial or 
protein-associated carbohydrates may provide signals that 
skew the immune response towards being anti-inflammatory 
rather than proinflammatory [302, 303].

A prominent member of the gut microbiota in human 
infants, Bifidobacterium infantis, was after deliberate con-
sumption in mice shown to markedly induce Foxp3+ Treg cells 
[304]. Notably, neonatal CD4+ T cells in mice are prone to 
differentiate into Treg cells following stimulation [100], as are 
human cord blood cells, probably as a result of perinatal expo-
sure to maternal progesterone [305]. Later in development, 
members of the Clostridium cluster IV and XIVa might take 
over the role of B. infantis in promoting the local expansion of 
Treg cells in the colon [306]. The induced anti- inflammatory 
response could partially depend on release of TGF-β from 
IELs [307]. Also Bacteroides fragilis seems to have unique 
Treg cell-inducing and epithelium-associating properties.

 Loss of Intestinal Immune Homeostasis 
in IBD

 Alterations of Mucosal IgA and Epithelial 
Barrier Function

IBD lesions exhibit excessive numbers of IgA+ and IgG+ PCs 
with a remarkably skewing towards IgG production—
depending on the severity of inflammation [308–310]. 
Initially, this shift from the normal pIgA predominance may 
be beneficial as a powerful second line of defense because 
IgG antibodies can efficiently mediate immune elimination 
of bacteria via phagocytosis and antibody-dependent cell- 
mediated cytotoxicity (Fig. 2.11). However, the chronicity of 
IBD signifies that a defective epithelial barrier over time 
results in severely altered mucosal homeostasis and 
(Fig. 2.13). Thus, whereas fluorescent in situ hybridization 
on tissue sections from normal colon reveals no microorgan-
isms, 83 % of ulcerative colitis and 25 % of colonic Crohn’s 
disease specimens show mucosal invasion of commensal 
bacteria [311]. In ulcerative colitis a proinflammatory anti-
microbial response is additionally promoted by a significant 
shift towards the highly complement-activating IgG1 sub-
class [312]—apparently reflecting a genetic impact as 
revealed by comparing identical twins, healthy or afflicted 
with this IBD [313].

In parallel with the disproportionately increased IgG+ PC 
subset, the J-chain expression is decreased in IBD lesions 
[309, 314] and there is a shift from the IgA2 to the less stable 

IgA1 subclass [309, 315]. Thus, more than 50 % of the IgA1+ 
PCs are J chain-deficient, therefore producing monomers that 
cannot be exported by the pIgR [309, 316]. The same is true 
for a fraction (25–35 %) of the expanded IgA2+ PC subset. 
These adverse alterations supposedly reflect a less restricted 
leukocyte extravasation due to a changed profile of adhesion 
molecules and chemokines on the mucosal microvascular 
endothelium (Fig. 2.5), allowing B cells expressing charac-
teristics of systemic immunity to enter the lesion [308, 310].

A deficient epithelial barrier in IBD not only promotes 
bacterial invasion [311] but also increases food-antigen 
uptake and sensitization after rectal challenge, as shown in 
Crohn’s disease [317]. This finding parallels with the 
increased mucosal leakiness of pIgR knockout mice (Fig. 2.9) 
[85, 86]. In addition, natural killer (NK) cells, which may 
exert cytotoxic and immunoregulatory functions, are located 
mainly in the epithelium and subepithelial lamina propria. It 
is known that considerable heterogeneity exists among NK 
cells, and subsets with variable expression levels of the clas-
sical CD56 marker have been identified Immature CD56+ NK 
cells with abundant production of CXCL8 (IL-8) has also 
been reported and might depend on a particular maturational 
stage [318]. The best known function of CXCL8 is chemotac-
tic activity on neutrophils in acute inflammation (Fig. 2.18), 
but this cytokine could also contribute to the growth of cells 
belonging to the NK-cell lineage. NK cells may, in addition, 
produce varying amounts of IL-22—a cytokine thought to be 
of importance for mucosal homeostasis [319, 320].

Conventional NK cells are now included in a complex 
group of lymphocytes referred to as innate lymphoid cells 
(ILCs) which are preferentially located at barrier surfaces and 
considered to be important for protection against  pathogens 
[321, 322]. These lymphocytes do not rearrange their T-cell 
receptor, and include cells that behave similarly to Th cells by 
producing comparable cytokines. Thus, type 1 ILCs react 
with production of IFN-γ and TNF-α in response to IL-12 
and IL-15; type 2 ILCs produce large amounts of IL-5 and 
IL-13 in response to IL-25 and IL-3, and are important in the 
protection against helminth infection; and type 3 ILCs are 
characterized by their abundant IL-22 production [323].

New members of ILCs are emerging. Thus, a novel subset 
involved in innate immunity against bacterial infections was 
recently described in mice and humans [324]. It expresses 
CD8a homodimers and was therefore called innate CD8a 
(iCD8a) cells. These cells were closely associated with the 
intestinal epithelium, apparently being involved in innate 
defense against bacterial infections. Notably, they were 
depleted in necrotizing enterocolitis of newborns. Moreover, 
there has been an increased interest in an innate-like T-cell 
subset referred to as “mucosal-associated invariant” (MAIT) 
[325]. Although their frequency and role remain largely 
unknown, MAIT cells accumulate in the intestinal lamina pro-
pria where exogenous microbes may gain access to the body.
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 Antibodies to Commensals and Abrogated 
Tolerance

Locally produced IgG in IBD lesions has been reported to 
react with cytoplasmic antigens from a range of gram- 
positive and gram-negative fecal bacteria, with higher activ-
ity in Crohn’s disease than in ulcerative colitis, and higher in 
ulcerative colitis than in other types of intestinal inflamma-
tion [326]. Thus, nonspecific mucosal damage and bacterial 
invasion alone do not seem to explain the intensified local 
IgG response to commensals. Studies in rodents have shown 
that indigenous gut bacteria normally are poorly stimulatory 
for the systemic B-cell system [327, 328]. One explanation 
might be that the indigenous microbiota, while permanently 
colonizing the gut, induces waves of SIgA responses per-
forming immune exclusion and thus being self-limiting [66]. 
Such intermittent immune exclusion could contribute to the 
hyporesponsiveness or apparent oral tolerance against gut 
commensals. This mechanism is clearly abrogated in IBD 
[218, 219], which agrees with several experimental models 
of intestinal inflammation in rodents [153]. Also, it has been 
shown that dysfunction in either the adaptive or innate muco-
sal immune system leads to systemic antibody hyperreactiv-
ity to the gut microbiota in mice [85, 86, 88, 329].

In human IBD break of tolerance to the commensal 
microbiota is suggested by increased in vivo antibody coat-
ing of gut bacteria. In healthy controls, approximately 40 % 
of fecal anaerobic bacteria are coated with IgA, 12 % with 
IgG and 12 % with IgM [162]. In IBD these figures are 
raised to 65 %, 45 % and 50 %, respectively [184]. This 
result parallels the markedly elevated mucosal Ig production 
in IBD [308, 309]—with the relative average increase being 
more prominent for IgG (×30) and IgM (×2.5) than for IgA 
(×1.7–2.0). In fact, adjacent to Crohn’s ulcers the number of 
PCs is increased 100- to 200-fold for the IgG class and 8- to 
12-fold for the IgM class, compared with 1.2- to 6.7-fold for 
the IgA class.

Based on analysis of serum antibodies, however, there 
seems to be considerable heterogeneity in microbial speci-
ficities among IBD patients; rather than a global loss of toler-
ance against the intestinal microbiota, individual subsets of 
patients with varying immune responses to selected bacterial 
antigens has been identified [330]. Whether this is the cause 
or the effect of a more restricted gut microbiota [164, 185]—
with 25 % fewer bacterial genes than normal—is currently 
unknown [269]. Interestingly in this context, experimental 
colitis induced in a genetically manipulated mouse model 
can be transferred to healthy mice by a selected combination 
of commensal gut bacteria in the setting of a normal micro-
biota [331]. This result reflects the complexity of the micro-
bial–microbial and the microbial–host interactions directing 
immune regulation in the gut [332].

 Conclusions

A balanced indigenous microbiota is required to drive the 
normal development of both mucosa-associated lymphoid 
tissue, the epithelial barrier with its SIgA (and SIgM) sys-
tem, and mucosally induced tolerance mechanisms—includ-
ing the generation of Treg cells. Notably, pIgR/SC knockout 
mice that lack SIgA and SIgM antibodies show reduced epi-
thelial barrier function and increased uptake of antigens from 
food and commensal bacteria (Fig. 2.9). They therefore have 
a hyperreactive immune system and show predisposition for 
systemic anaphylaxis after antigen sensitization; but this 
untoward development is counteracted by enhanced intesti-
nal induction of cognate oral tolerance as a homeostatic 
backup mechanism.

A number of biological variables influence SIgA- 
dependent intestinal immunity and induction of oral toler-
ance. Increased epithelial permeability for exogenous 
antigens is clearly an important primary or secondary event 
in the pathogenesis of IBD (Fig. 2.3). The postnatal mucosal 
barrier function is determined by the individual’s age (e.g., 
preterm versus term infant), genetics, mucus composition, 
interactions between mast cells, nerves and neuropeptides, 
concurrent infection, and the mucosa-shielding effect of 
SIgA provided by breast milk or produced in the infant’s gut. 
The integrity of the epithelial barrier furthermore depends on 
homeostatic regulatory mechanisms, including mucosal 
induction of Treg cells, where commensal microbe–host 
interactions apparently play decisive roles as well as food 
antigens and retinoids such as vitamin A.

The incidence of both food allergy and IBD (especially 
Crohn’s disease) is increased in IgA deficiency. As mentioned 
above, a defect gut barrier due to SIgA/SIgM deficiency leads 
to systemic hyperreactivity in an experimental mouse model 
but may at the same time enhance oral tolerance induction by 
cognate antigen in a delicate balance (Fig. 2.9). Boirivant et al. 
[333] likewise reported that a mild or transient breaching of 
zonula occludens in the intestinal epithelium of mice leads to 
a dominant anti-inflammatory Treg cell response. Also nota-
ble, children who have grown out of their cow’s milk allergy, 
as revealed by oral challenge, show expansion of Treg cells in 
peripheral blood [334], perhaps reflecting that early infancy is 
the time when oral tolerance is best achieved. The relatively 
leaky gut epithelium probably promotes tolerance induced by 
continuous mucosal exposure to small amounts of luminal 
antigens, and the homeostatic balance might be enhanced by 
cognate SIgA antibodies (Fig. 2.16). Therefore, it is not sur-
prising that epidemiological reports suggest that breastfeeding 
protects against food allergy and IBD. The remarkable output 
of SIgA during feeding represents an optimally targeted pas-
sive immunization of the breast-fed infant’s gut, and might 
serve as a positive homeostatic feedback loop [34].
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Altogether, the secretory immune system is critical for the 
mucosal barrier function because SIgA not only forms the 
first line of defense but also maintains mutualism with the 
indigenous microbiota. Notably, the epithelial barrier in the 
distal gut depends on exposure to components from the com-
plex commensal microbiota (MAMPs) and the environment, 
both by direct interaction with PRRs of the intestinal epithe-
lium (Figs. 2.12 and 2.18) and induction of oral tolerance via 
mechanisms such as tolerogenic APCs and Treg cells 
(Figs. 2.13 and 2.17). It has therefore been proposed that the 
hygiene hypothesis as an explanation of the increase of 
immune-mediated disease in affluent societies instead should 
be called the “microbial deprivation hypothesis” [15]. In 
mouse experiments it has indeed been shown that a single 
immunomodulatory molecule from a commensal gut bacte-
rium can induce crucial modulation and homeostasis of the 
host’s immune system [163]. This gives hope for future ther-
apeutic manipulation of the intestinal immune system of 
patients suffering from IBD.
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Understanding the Epithelial  
Barrier in IBD

Matthew A. Odenwald and Jerrold R. Turner

Mucosal surfaces are lined by epithelial cells, which form a 
barrier between the internal and external environment. The 
integrity of this barrier is critical, particularly within the 
intestine, where the luminal environment includes poten-
tially pathogenic antigens and microorganisms. Although the 
term “barrier” may imply that the mucosa simply acts as a 
static impediment, preventing all transepithelial flux, this is 
not the case, as the epithelium must absorb and secrete the 
water, ions, and macromolecules that are necessary to main-
tain intestinal homeostasis and overall nutrition. Thus, the 
mucosa must integrate active, vectorial, and passive trans-
port with a selectively permeable barrier that prevents entry 
of noxious luminal materials.

“Intestinal barrier function” is often used indiscriminately 
but is commonly thought of as either (1) the epithelial cells 
and materials they secrete, which provide a physical impedi-
ment to ion, water, and macromolecular flux, or (2) the 
defense provided by the mucosal immune system, which 
protects the host from potentially pathogenic luminal con-
tents that have crossed the physical barrier. While both types 
of barriers are essential to epithelial homeostasis, the pri-
mary focus of this chapter is the former, i.e. the barrier 
formed by epithelial cells and the materials they secrete. The 
latter include mucins, secreted by intestinal goblet cells, 
which form a hydrated gel over the epithelial surface. As dis-
cussed elsewhere defects in mucin synthesis and the extra-
cellular mucin layer have been associated with inflammatory 
bowel disease (IBD) in humans and spontaneous colitis in 
mice.

While mucin contributes to the development of the 
unstirred layer by limiting passage of large materials and 
trapping some bacteria, it is the epithelial cells that form the 
principal barrier to water and solute flux. The lipid bilayer of 
epithelial cells serves as a barrier to most hydrophilic sol-
utes, and therefore, the majority of passive flux across epi-
thelia occurs via the paracellular route. Changes in epithelial 
state can affect three distinct flux routes: the paracellular 
pore and leak pathways and the unrestricted pathway. The 
pore pathway is a high-capacity, size- and charge-selective 
route that mediates flux of small ions and water. In contrast, 
the leak pathway is a low-capacity, relatively size- and 
charge-non-selective pathway that facilitates passive trans-
port of larger macromolecules. In the presence of erosions or 
ulcerations the epithelium is lost and, therefore, does not 
contribute to barrier function. In this case, flux of water, ions, 
macromolecules, and bacteria is unrestricted in terms of both 
capacity and selectivity. Molecules that permeate denuded 
epithelia are therefore said to cross the “unrestricted path-
way.” It is important to note that these pathways are not 
absolute, and as discussed below, there is cross-talk between 
elements of each pathway. When the unrestricted pathway is 
sealed, i.e. in the presence of an intact epithelial layer, the 
intercellular tight junctions define the selective permeability 
of the mucosal barrier.

 The Epithelial Barrier Is Regulated 
in Response to Physiologic Stimuli

The intestinal epithelium is charged with the complex task of 
serving as a barrier that separates internal body cavities from 
potentially noxious luminal contents while simultaneously 
facilitating nutrient, ion, and water absorption and secretion. 
Physiologic regulation of epithelial barrier function has been 
studied extensively in the context of Na+-glucose cotransport 
[1–4]. Upon activation of Na+-glucose cotransport, a tran-
sepithelial osmotic gradient is developed and epithelial myo-
sin light chain kinase (MLCK) is activated. Together, these 
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changes result in increased pore pathway flux, passive water 
absorption, and solvent-drag-mediated absorption of nutri-
ent-sized molecules, such as glucose [1].

 The Intestinal Barrier Is Compromised in IBD

Epithelial barrier function is compromised in many intestinal 
disorders. The association between decreased barrier func-
tion and intestinal disease was first reported in the early 
1980s [5–7]. These studies, which made use of both ex vivo 
and in vivo approaches, demonstrated increased permeabil-
ity in Crohn’s disease (CD) and ulcerative colitis (UC) in the 
absence, as well as the presence, of ulcerations. Barrier 
defects are also present in conditions not typically associated 
with erosion and ulceration, e.g. celiac disease [8, 9], and in 
some healthy first-degree relatives of CD patients [10].

In patients, measurement of intestinal permeability typi-
cally involves measuring fractional urinary excretion of 
orally administered small molecules, such as 51Cr-EDTA, 
polyethylene glycols, mannitol, lactulose, sucralose, or cre-
atinine [11–14]. Intestinal absorption of these molecules 
occurs freely across erosions. When the epithelium is intact 
absorption is more restricted and defined by the tight junc-
tions. These tracers are not metabolized in the circulation 
and are freely filtered at the glomerulus. Thus, fractional uri-
nary recovery can be used as a noninvasive measure of intes-
tinal permeability, assuming normal vascular perfusion, 
renal function, and intestinal motility. Lactulose and manni-
tol are used most commonly. With a small radius, mannitol is 
capable of crossing via the paracellular pore pathway, while 
lactulose is larger and can cross at sites of epithelial damage 
or through the paracellular leak pathway. Fractional excre-
tion of lactulose can therefore be thought of as a measure of 
leak pathway permeability and intestinal damage while man-
nitol excretion can be used as a measure of intestinal surface 
area. Assessing the lactulose to mannitol ratio (LAMA) 
therefore corrects for confounding factors such as epithelial 
surface area, intestinal transit time, and renal function [12]. 
However, lactulose and mannitol are partially degraded by 
luminal bacteria within the colon, making these probes 
unsuitable analysis of colonic permeability [15, 16]. As a 
result, permeability has been studied to a far greater extent in 
patients with small intestinal Crohn's disease than in patients 
with Crohn's colitis or ulcerative colitis.

The contribution of the intestinal barrier to IBD was first 
suggested following the observation that increased permea-
bility is present in a subset of healthy, asymptomatic first- 
degree relatives of CD patients [10, 17, 18]. The exact nature 
of these barrier defects is not known, and increased intestinal 
permeability may stem from increased susceptibility to epi-
thelial ulceration, tight junction barrier defects, or subclini-
cal immune activation. However, analysis of some of these 

healthy subjects failed to identify erosions or ulcers. 
Nevertheless, one clinical trial found hypersensitivity to 
NSAID-mediated increases in intestinal permeability in sub-
jects with genetic susceptibility to CD, i.e. first-degree rela-
tives [19]. Additional studies have linked barrier defects in 
healthy first-degree relatives to specific CD-associated muta-
tions in NOD2, an immunoregulatory gene [20]. Finally, bar-
rier loss in IBD has been correlated with altered tight junction 
organization, protein composition, cytoskeletal regulation, 
and epithelial damage [21–28]. It is important to note that 
these findings are not mutually exclusive as heightened 
immune activation may lead to increased tight junction per-
meability and ultimately epithelial damage.

Although the contribution of barrier defects in disease 
pathogenesis is unclear, it is interesting to note a case report 
describing the development of CD in a previously healthy 
relative with increased intestinal permeability [29]. While 
this single patient could be interpreted as support for a link 
between abnormal intestinal permeability and subsequent 
disease development, it is important to keep in mind that risk 
of disease was increased in this individual on a genetic basis. 
Indeed, first-degree relatives of patients affected by CD have 
an elevated risk of developing IBD [30]. Unfortunately, no 
studies have compared the long-term risk of developing CD 
in healthy relatives with or without increased permeability. 
However, increased small intestinal permeability is a known 
marker of impending relapse in CD patients with inactive 
disease [31].

 The Epithelial Monolayer

In a reductionist view, the intestinal barrier is formed by a 
single layer of epithelial cells linked together by intercellular 
junctions. In the absence of specific transporters, the epithe-
lial plasma membrane serves as a barrier to most hydrophilic 
molecules; thus, intercellular junctions are the limiting factor 
in transepithelial permeability. The most critical intercellular 
junctions are the tight junctions, adherens junctions, and des-
mosomes, which form the apical junctional complex [32]. 
The tight junction and adherens junctions are associated with 
a dense perijunctional ring of actin and myosin II that encir-
cles the apical aspect of each epithelial cell. These form a 
network that connects neighboring cells and forms the selec-
tively permeable paracellular barrier (Fig. 3.1a).

 Molecular Anatomy of the Tight Junction

The adherens junction is formed by homotypic interactions 
between the epithelial cadherin isoform E-cadherin 
(Fig. 3.1B). The cytoplasmic domains of the cadherins 
interact with the catenins, which in turn bind to the actin 
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cytoskeleton to regulate cell structure and function [33–35]. 
The tight junction consists of many transmembrane proteins, 
including occludin and claudins [36–39] (Fig. 3.1b). 
Transmembrane tight junction proteins are linked to one 
another and to the actomyosin cytoskeleton by the cytosolic 
scaffolding protein zonula occludens (ZO)-1, thereby form-
ing an elaborate protein network at the apical junctional 
complex [40–43]. The extracellular loops of claudins medi-
ate homotypic interactions to form high-capacity size- and 
charge-selective paracellular pores [44, 45]. In contrast, 
occludin, ZO-1, and the actomyosin cytoskeleton are known 
to regulate leak pathway permeability [46–49]. These molec-
ular components interact and can regulate both pathways, as 
occludin and ZO-1, which primarily regulate the leak path-
way, can also affect claudin pore function [50]. ZO-1 may 
affect paracellular permeability through regulation of corti-
cal actomyosin organization and contractile activity [43, 51]. 
Moreover, by integrating cortical actomyosin function, ZO-1 
directs a diverse array of cellular processes; ZO-1 depletion 
has marked effects on epithelial morphology (Fig. 3.1c).

In vitro and in vivo studies have revealed that tight junc-
tion assembly is closely linked to adherens junction integrity, 
as confluent epithelial monolayers lacking E-cadherin or 
alpha-catenin are unable to efficiently recruit tight junction 
proteins or form effective barriers to ions and macromolecu-
lar flux [52–55].

 Intercellular Junctions and IBD

The critical role of the adherens junction in intestinal physi-
ology was demonstrated using chimeric mice in which some, 
but not all, villous enterocytes expressed a dominant- 
negative cytoplasmic tail of N-cadherin [52]. Expression of 
the dominant- negative N-cadherin tail disrupted E-cadherin 
function and resulted in the loss of intercellular junctions, 
aberrant epithelial differentiation, Crohn’s-like disease, and 
epithelial dysplasia [52]. E-cadherin may also be relevant to 
human disease as data from recent genome-wide association 
studies (GWAS) suggest that polymorphisms within CDH1, 

Fig. 3.1 Structure of the epithelial barrier. (a) Transmission electron 
micrograph depicting the apical junctional complex between two mouse 
enterocytes. From apical to basal, the apical junctional complex con-
sists of the zonula occludens, also referred to as the tight junction (TJ); 
the zonula adherens, also referred to as the adherens junction (AJ); and 
macula adherens, also referred to as the desmosome. Microvilli (Mv) 
line the luminal surface of intestinal epithelia and are labeled for orien-
tation. (b) The tight junction is spanned by occludin and claudin family 
members, which dynamically regulate permeability between cells. The 
plaque protein zonula ocludens-1 (ZO-1) interacts with transmembrane 

tight junction proteins and with the actomyosin cytoskeleton to regulate 
tight junction function. Myosin light chain kinase (MLCK) controls 
junction- associated myosin phosphorylation and myosin ATPase activ-
ity to regulate barrier function. (c) The cytosolic tight junction scaffold-
ing protein ZO-1 is essential for cortical actin organization. Fluorescence 
microscopy (top two panels) and scanning electron microscopy (bottom 
two panels) of confluent epithelial monolayers show that ZO-1 deletion 
results in marked abnormalities of apical structure. Top panels are max-
imum intensity projections of confocal z-series through the entire epi-
thelial monolayer. Scale bars = 5 μm
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the gene encoding E-cadherin, may be associated with ulcer-
ative colitis [56].

Despite this critical role of the adherens junction, the tight 
junction is the primary determinant of paracellular permea-
bility. It is, therefore, not surprising that alterations in tight 
junction structure and function are associated with increased 
permeability in IBD. For example, the normally complex 
anastomosing network of tight junction strands seen by 
freeze-fracture electron microscopy is simplified in IBD 
[26]. Moreover, the expression and distribution of individual 
tight junction proteins is altered in IBD [21, 22, 25]. Finally, 
increased expression and enzymatic activity of myosin light 
chain kinase, a key regulator of the perijunctional actomyo-
sin ring and tight junction permeability, have been associated 
with active IBD [24]. As discussed below, this appears to be 
the primary intracellular signaling pathway by which TNF 
and related cytokines disrupt tight junction barrier function 
[48, 49, 57, 58].

Discovery of the claudins, a large family of proteins now 
recognized to define tight junction ion selectivity and to be 
essential for the development of the paracellular barrier, was 
a major breakthrough in tight junction biology [38]. The 
availability of reagents suitable for analyzing individual 
claudin proteins in human specimens revealed that expres-
sion of claudin-2 was upregulated in IBD [21, 23]. In paral-
lel, in vitro studies demonstrated that claudin-2 expression 
increased the paracellular flux of cations, e.g. Na+, and small 
uncharged molecules [59–61]. Furthermore, in vitro and 
in vivo studies have shown that claudin-2 upregulation alone 
is responsible for the increased pore pathway flux induced by 
IL-13 [61]. Thus, increased flux through claudin-2 is a poten-
tial mechanism for the elevated pore pathway paracellular 
permeability observed in IBD. IL-13 may not be the only 
mediator of claudin-2 induction in IBD [62, 63], but it is 
interesting to note that claudin-2 expression is greater in UC 
than CD, and that there is a greater elevation of IL-13 pro-
duction by lamina propria mononuclear cells from UC, rela-
tive to CD [22, 23]. However, as discussed below, increased 
claudin-2 expression cannot fully explain the barrier defects 
present in IBD, and it remains uncertain whether this repre-
sents a beneficial adaptive, or detrimental maladaptive, 
process.

While elevated levels of IL-13 are highly relevant to IBD, 
the impact of IL-13 neutralization on intestinal permeability 
and disease activity in human IBD is untested. In contrast, 
TNF neutralization reduces disease severity and also restores 
intestinal barrier function in IBD patients [64]. While this 
does, in part, reflect healing of mucosal ulcers and global 
immune downregulation, TNF also plays a critical role in 
tight junction regulation. For example, studies in mice have 
shown that acute T cell activation causes a TNF-dependent 
increase in intestinal permeability. This is associated with 
endocytosis of the tight junction protein occludin and redis-

tribution of the cytoplasmic plaque protein ZO-1 [47, 49]. 
Occludin internalization is directly related to TNF-induced 
barrier loss, as occludin overexpression in transgenic mice 
limits increases in permeability and prevents diarrhea fol-
lowing acute TNF exposure [47]. More recent in vitro stud-
ies have shown that occludin knockdown also protects from 
such barrier loss as occludin deficient monolayers are insen-
sitive to TNF exposure. This barrier regulation relies on 
direct interactions between occludin and ZO-1 [46, 65]. This 
failure of occludin-deficient epithelia to regulate tight junc-
tion permeability following TNF exposure is likely explained 
by the fact that these monolayers have increased tight junc-
tion leak pathway permeability at baseline [46]. Notably, 
occludin expression is reduced in chronic experimental coli-
tis as well as human IBD [22, 66].

TNF-induced barrier loss has also been shown, in vitro and 
in vivo, to require myosin light chain kinase- (MLCK-) 
dependent myosin II regulatory light chain (MLC) phos-
phorylation [48, 49]. TNF-induced MLCK activation pre-
cedes occludin internalization, as genetic or pharmacological 
MLCK inhibition prevents occludin redistribution, barrier 
loss, and diarrhea [49]. In contrast, inhibition of occludin 
endocytosis prevents barrier loss but does not block MLC 
phosphorylation. Beyond enzymatic activation, TNF increases 
MLCK transcription and protein synthesis in vitro and in vivo 
[67, 68]. Moreover, MLCK expression and enzymatic activity 
are both increased in human IBD, particularly in association 
with active disease [24]. MLCK activation is also required for 
barrier dysregulation by other cytokines relevant to IBD, 
including lymphotoxin-like inducible protein that competes 
with glycoprotein D for herpes virus entry on T cells (LIGHT), 
and interleukin-1β (IL- 1β) [58, 69, 70]. As discussed below, 
these and other data [28] indicate that MLCK inhibition may 
have therapeutic efficacy in IBD, particularly as a mainte-
nance therapy.

The ability of pro-inflammatory cytokines to regulate 
tight junction barrier function may explain the presence of 
increased permeability in human IBD. For example, the per-
meability increases that precede CD reactivation may be sec-
ondary to limited immune activation. This model is also 
consistent with the observation that barrier defects in first-
degree relatives of CD patients are associated with mutations 
in NOD2, a known immunoregulatory gene [20]. However, 
the fact that these relatives, as well as other individuals with 
reduced barrier function, do not have disease as well as the 
absence of spontaneous disease in animal models of impaired 
intestinal tight junction barrier function demonstrate that 
increased intestinal permeability alone is insufficient to 
cause IBD [10, 71, 72]. How is it possible to integrate these 
data and understand the relationship between intestinal bar-
rier function and disease? One animal model that clarifies the 
relationship between immune signaling and barrier function 
in disease is the interleukin-10 knockout (IL-10 KO) mouse. 
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This model is relevant to human disease, as polymorphisms 
of both the IL-10 promoter and the IL-10 receptor have been 
linked to ulcerative colitis and very eraly onset IBD [73, 74].

IL-10 knockout mice develop spontaneous colitis when 
housed under ‘normal’ specific pathogen-free conditions. 
However, like human IBD, development of disease in IL-10 
KO mice is clearly multifactorial. Disease penetrance and pre-
sentation vary with genetic background and among different 
animal facilities, and disease does not develop at all in germ-
free mice. Moreover, when disease does occur in IL-10 KO 
mice, clinical symptoms are not present at birth, but develop 
only after weeks or months [75]. Intestinal barrier defects are 
detectable in a large proportion of IL-10 KO mice within 4 
weeks of birth, but are absent in antibiotic-treated or germ-free 
mice [76]. Thus, given that the primary defect in these mice is 
loss of the immunoregulatory cytokine IL-10, one can con-
clude that intestinal permeability defects arise secondary to an 
interaction between the immune system and luminal microbi-
ota. This suggests that the barrier defects in IL-10 KO mice are 
a sensitive indicator of mucosal immune activation. Another 
study suggests that enhancing mucosal barrier function by 
undefined mechanisms may limit disease in IL-10 KO mice 
[77]. Thus, early permeability defects may contribute to dis-
ease progression in IL-10 KO mice.

Another observation that suggests a contribution of bar-
rier defects to disease evolution in IL-10 KO mice is the syn-
chronization of disease onset by treatment with the 
nonsteroidal anti-inflammatory drug (NSAID) piroxicam 
[78]. While the mechanisms by which piroxicam exerts these 
effects are unclear, NSAIDs are known to cause epithelial 
injury, including erosions that can enhance mucosal bacterial 
invasion in IL-10 KO mice. Thus, one might hypothesize 
that piroxicam triggers disease in IL-10 KO mice by enhanc-
ing intestinal permeability, although not by increasing tight 
junction permeability. This suggests that a transient eleva-
tion of intestinal permeability in a genetically susceptible 
host, e.g. IL-10 KO mice, is sufficient to initiate chronic dis-
ease. This model could also explain the observation, made in 
humans, that an acute episode of bacterial gastroenteritis is 
associated with increased risk of developing IBD [79]. Thus, 
the IL-10 KO mouse model emphasizes the interaction 
between genetic susceptibility, immune activation, intestinal 
microbiota, and epithelial barrier function in development of 
human IBD.

 Barrier Defects and Mucosal Immune 
Regulation

The data discussed above suggest that barrier function can be 
a sensitive indicator of mucosal immune activation and that 
increased permeability may be able to amplify the effects of 
such immune activation. However, while the role of primary 

epithelial barrier dysfunction in IBD pathogenesis remains 
controversial, the associations are striking. For example, bar-
rier defects precede clinical manifestations of disease in IL- 
10 KO mice, in which the primary defect is immunological 
[76]. Increased intestinal permeability has also been reported 
prior to clinical disease onset in the outbred SAMP1/YitFc 
mouse model of IBD [80]. Bone marrow chimera studies 
suggest that the primary defect in these mice is present 
within a radioresistant, non-bone marrow-derived cell popu-
lation [80]. However, the precise abnormality that causes 
disease in SAMP1/YitFc mice has not been identified.

Studies of mice with targeted barrier defects provide fur-
ther evidence that tight junction permeability may contribute 
to disease progression. One informative example comes 
from mice lacking junctional adhesion molecule A (JAM-A), 
an immunoglobulin superfamily member that facilitates tight 
junction assembly and leukocyte transmigration across endo-
thelia and epithelia [72, 81]. Loss of JAM-A expression 

within intestinal epithelia led to increased colonic epithelial 
apoptosis in colitis, providing one potential mechanism by 
which JAM-A deficiency augments disease. Consistent with 
this, colonic neutrophil accumulation was increased in 
JAM-A KO mice, and these mice were also hypersensitive to 
dextran sulfate sodium- (DSS-) induced epithelial injury and 
colitis [72]. Because JAM-A is normally expressed ubiqui-
tously, defects in these mice could not be linked directly to 
loss of intestinal epithelial JAM-A. However, endothelial 
specific JAM-A KO mice did not demonstrate increased DSS 
susceptibility, demonstrating that endothelial JAM-A loss 
was not responsible for the observed phenotype. In addition, 
the observation that intestinal epithelial, but not endothelial, 
JAM-A expression is reduced in human and experimental 
IBD supports the hypothesis that loss of intestinal epithelial 
JAM-A is responsible for the phenotype of JAM-A KO mice 
[72]. Although the phenotype of the JAM-A KO mice is 
informative and implicates tight junction proteins in epithe-
lial repair processes, the cause of JAM-A loss in human and 
experimental IBD remains unclear. Moreover, despite the 
experimental simplicity of the model, the DSS model of coli-
tis primarily reflects responses to acute epithelial damage 
and does not reflect the pathogenesis of human IBD. Some 
workers have attempted to correct this using a chronic DSS 
model, but that model suffers from the same problem in that 
it is caused by ongoing direct epithelial injury, which is 
unlikely to be the cause of human IBD.

Increased transcription and enzymatic activity of intestinal 
epithelial MLCK are well-documented in human and experi-
mental IBD, and are regulated by proinflammatory cytokines 
such as TNF. Moreover, MLCK is required for in vitro and 
in vivo TNF-induced barrier loss [48, 49]. To model this form 
of barrier loss, transgenic mice that express constitutively 
active MLCK (CA-MLCK) from an intestinal epithelial- 
specific promoter were created [71]. These mice have 

3 Understanding the Epithelial Barrier in IBD



62

increased small intestinal and colonic paracellular permeabil-
ity and exhibit mucosal immune activation, as evidenced by 
elevated mucosal IFNγ (gamma), TNF, IL-10, and IL-13 tran-
scription and increased numbers of colonic lamina propria T 
cells. However, despite mucosal immune activation, the mice 
thrive and do not develop spontaneous disease. While this 
absence of disease may reflect the activity of immunoregula-
tory cells, such as those responsible for the increase in IL-10 
transcription, expression of CA-MLCK in RAG1-deficient 
(RAG1−/−) mice, which lack regulatory T cells, also fails to 
induce disease [71]. However, when effector T lymphocytes 
are introduced into CA-MLCK/RAG1−/− mice, using the 
CD4+CD45Rbhi T lymphocyte adoptive transfer model of 
colitis, the onset of disease is accelerated and severity is 
increased relative to RAG1−/− littermates that lack CA-MLCK 
[71]. Therefore, these CA-MLCK transgenic mice recapitu-
late the observation in humans that primary barrier dysfunc-
tion is insufficient to cause disease, e.g. in healthy relatives 
of CD patients, and also provide evidence that barrier dys-
function can accelerate the onset and enhance the severity of 
immune- mediated colitis.

This interplay between TNF exposure, immune acti-
vation, MLCK, and intestinal barrier function has been fur-
ther studied using immune-mediated adoptive transfer 
colitis in RAG1 knockout mice lacking either TNF receptor 

1 (TNFR1) or TNFR2 [28]. CD4+CD45Rbhi T lymphocyte 
adoptive transfer into RAG1 deficient mice results in 
increased MLCK protein expression along with increased 
transcription of TNFR2 but not TNFR1 [28]. Adoptive 
transfer into RAG1 knockout mice lacking TNFR2 failed to 
induce MLCK expression, and mice lacking either TNFR2 
or MLCK were at least partially protected from immune-
mediated colitis [28]. These data, along with in vitro obser-
vations showing that TNF-induced, MLCK-dependent 
barrier loss requires TNFR2 function indicate that it is 
epithelial TNFR2, and not TNFR1, that drives MLCK tran-
scription [28]. Remarkably, colitis-associated claudin-2 
upregulation was also limited in MLCK-deficient mice 
(Fig. 3.2), demonstrating the in vivo interplay between 
paracellular leak and pore pathways [28]. Nevertheless, 
mice lacking either epithelial MLCK or TNFR2 did eventu-
ally develop colitis and unrestricted pathway barrier loss 
[28]. This occurred as a consequence of immune-mediated 
epithelial damage. Consistent with this, epithelial MLCK 
knockout mice were not protected from acute, TNF-induced 
epithelial apoptosis or DSS colitis [28]. These data rein-
force the notion that MLCK inhibition may be benefi-
cial in preventing relapse or progression to advanced IBD 
but may not be useful in treatment of active disease with 
ulcerations.

Fig. 3.2 Both leak and pore paracellular pathways are altered in 
immune-mediated colitis. All mice are RAG1−/− to allow for adop-
tive transfer colitis. Myosin light chain is phosphorylated in immune- 
mediated colitis in an MLCK-dependent manner (top panels). 
Transgenic, intestinal epithelial-restricted expression of constitutively 

active-MLCK restores disease-associated MLC phosphorylation to long 
MLCK−/− mice. Claudin-2 expression parallels MLC phosphorylation in 
CD4+CD45RBhi colitis (bottom panels). Increases in MLC phosphory-
lation and claudin-2 expression correspond with worsened clinical out-
comes in early stages of colitis. Scale bar = 10 μm. From Su et al., 2013
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 Isolated Barrier Defects Are Insufficient 
to Cause Disease

While data above link increased intestinal permeability to 
disease severity and relapse, mild barrier defects may actu-
ally trigger regulatory processes that prevent inappropriate 
immune responses in immunocompetent hosts. The clearest 
example of this may be data indicating that, despite the pres-
ence of increased permeability in patients with infectious gas-
troenteritis, most of these individuals recover fully and do not 
develop IBD [79]. Recent studies in mice have provided some 
insight into the immunoregulatory mechanisms that prevent 
development of chronic disease in this situation. In wild-type 
mice, when mucosal damage was induced by intrarectal etha-
nol administration, the resulting transient increase in permea-
bility induced a population of regulatory T cells characterized 
by the surface expression of the TGFβ pro-peptide latency-
associated peptide (LAP) and also increased IL-10 production 
by lamina propria mononuclear cells [82]. Moreover, this mild 
mucosal damage protected mice from colitis induced by sub-
sequent intrarectal TNBS administration. While the detailed 
mechanisms by which transient increases in permeability 
invoke immunoregulatory responses are incompletely charac-

terized, it is notable that mucosal IL-10 production was also 
increased in CA-MLCK transgenic mice [71]. Thus, chronic 
barrier defects may also induce immunoregulatory responses 
that prevent disease. On this basis, it can be inferred that, in 
an immunocompetent host, limited barrier defects induce a 
robust immunoregulatory response that prevents disease. If 
correct, this hypothesis suggests that the difference between 
CD patients and their healthy relatives with increased perme-
ability may be the quality of this regulatory response and the 
ability to manage inflammation induced by barrier loss. 
Overall, these studies emphasize the need for further clarifica-
tion of the complex interactions between the intestinal epithe-
lial barrier and mucosal immune system.

 A Multifactorial Model of IBD

The data discussed above suggest a model of IBD in which 
paracellular defects, mucosal immune activation, and the 
luminal microbiota are interrelated and act cooperatively 
in the prevention, induction, and progression of disease 
(Fig. 3.3). The epithelial barrier balances the interaction 
between immunostimulatory luminal materials and the 
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Fig. 3.3 The epithelial barrier regulates the balance between the lumi-
nal environment and mucosal immunity. Breaches in the epithelial bar-
rier allow luminal material to cross the epithelium, where it may then 
activate mucosal immune responses. Under conditions of appropriate 
immune regulation, regulatory T cells (Tregs) produce anti- 
inflammatory signals to counter the pro-inflammatory immune 
response. A subset of these Tregs, those expressing latency-associated 
peptide (LAP), secrete IL-10 and TGF-β to attenuate disease. In con-
trast, under disease conditions, luminal material may activate Th1 or 
Th2 T cells. Th1 cells secrete TNF and IFNγ, which increase paracel-
lular leak pathway permeability via MLCK-dependent mechanisms. 

Alternatively, Th2 cells secrete IL-13, which increases pore pathway 
permeability by upregulating claudin-2 expression. These increases in 
paracellular permeability may allow the passage of additional luminal 
material across the barrier. Amplification of this cycle of inflammation 
eventually leads to apoptosis of epithelial cells. Under these conditions, 
intestinal permeability is largely tight-junction independent and unre-
stricted. Due to the tight junction-independent nature of this unre-
stricted pathway in more advanced disease, therapeutics designed to 
restore tight junction barrier function will likely be most useful in early 
disease or in maintaining remission. Adapted from Su et al. 2013
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mucosal immune system. In immunocompetent subjects, 
mild barrier defects activate regulatory immune responses 
that compensate for and prevent excessive immune activa-
tion. In contrast, barrier defects may trigger inappropriate 
immune activation and cytokine release in subjects who are 
unable to elicit effective immunoregulatory responses. These 
cytokines may then signal to epithelial cells to cause further 
increases in paracellular permeability, which, in turn, allows 
further transmucosal passage of immunostimulatory materi-
als and an even greater degree of immune activation. Thus 
defects in either barrier function or immune activation may 
initiate the cycle of barrier-immune dysregulation, but 
defects in both are necessary for perpetuation of this cycle 
and disease pathogenesis. This model also suggests that, in 
addition to the immunosuppressive and immunomodulatory 
agents that have been central to IBD therapy, it may be pos-
sible to break the cycle by restoring barrier function prior to 
onset of clinical disease.

 Barrier Restoration as a Future Therapeutic 
Intervention

Current immunosuppressive and immunomodulatory 
approaches are often effective in IBD management, but they 
treat the inflammation responsible for tissue damage rather 
than the underlying cause of inflammation. It has been recog-
nized for some time that the epithelial barrier can be dysregu-
lated by proinflammatory stimuli. The model described, 
which explains available data from in vitro and in vivo mod-
els as well as human studies, suggests that the barrier also 
regulates the immune response. Although increased paracel-
lular permeability is a normal physiological response that is 
often beneficial and, in an immunocompetent host, triggers an 
immunoregulatory response, reduced barrier function may 
also be critical to disease pathogenesis. This is particularly 
true in individuals with immunoregulatory defects. For exam-
ple, barrier loss precedes colitis in IL-10-deficient mice. 
Conversely, barrier restoration may blunt disease develop-
ment. Similarly, genetic deletion of intestinal epithelial long 
MLCK, which is necessary for TNF-induced barrier loss, par-
tially protects immunodeficient mice from colitis induced by 
CD4+CD45Rbhi adoptive transfer. These data suggest that 
barrier restoration may be therapeutically useful, particularly 
in patients with IL-10 receptor mutations or single nucleotide 
polymorphisms (SNPs) within the IL10 promoter.

Development of barrier restorative agents will require tar-
geting the pore, leak, and unrestricted paracellular pathways, 
all of which are disrupted at different stages of colitis. While 
claudin-2 must be responsible for some of the increases in 
pore pathway permeability in colitis, no modulators of clau-
din- 2 pore function are currently available.

Epithelial MLCK is clearly an attractive druggable target 

to restore leak pathway permeability early during disease 

development and promote maintenance of remission. 
However, the different MLCK isoforms expressed in smooth 
muscle and nonmuscle cells are encoded by a single gene 
and, therefore, have common catalytic and calmodulin- 
dependent regulatory domains [83, 84]. Knockout mouse 
studies clearly show that inhibition of smooth muscle MLCK 
has disastrous consequences [84]. Thus, alternatives to cur-
rently available MLCK inhibitors, all of which target the 
catalytic domain, will be necessary if MLCK is to be a viable 
therapeutic target.

Tight junctions play a lesser role in intestinal barrier loss 
in more advanced disease when increased permeability is pri-
marily driven by epithelial damage and increased flux across 
the unrestricted pathway. Some of the epithelial wounds 
present are repaired by an actomyosin purse string-dependent 
mechanism that also requires epithelial MLCK activity [85]. 
Therefore, in order restore tight junction barrier function 
without disrupting other tissues or epithelial wound repair, it 
will be critical to develop a more targeted approach to inhib-
iting tight junction regulatory activities of epithelial MLCK 
in response to pathophysiologic stimuli, such as TNF, with-
out impairing wound healing. If this can be achieved, barrier 
restoration may have a promising future in IBD therapy.
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Intestinal Microbiology and Ecology 
in Crohn’s Disease and Ulcerative Colitis

Ludovica F. Buttó and Dirk Haller

Inflammatory bowel diseases (IBD) include the two main 
phenotypes Crohn’s disease (CD) and ulcerative colitis (UC) 
both characterized by intermittent conditions of chronic and 
relapsing inflammation in the entire gastrointestinal tract or 
colon, respectively. Disease initiation and perturbation is 
triggered by environmental factors in genetically susceptible 
individuals [1, 2]. Genome-wide association studies (GWAS) 
and animal data provide evidence for an interrelated role of 
the intestinal microbiota, epithelial interface, and immune 
system in the pathogenesis of IBD [3–6]. This chapter pro-
vides an overview of the current state of research on the role 
of the intestinal microbiota in CD and UC. In addition, 
approaches to the treatment of IBD by the modulation of the 
intestinal microbiota are discussed.

 Structure and Functionality of the Intestinal 
Microbiota

The human intestinal microbiota encompasses a variety of 
microorganisms, including bacteria, archaea, viruses, yeasts, 
and protozoa. The totality of these microbes and their genes is 
referred to as “intestinal microbiome” [7]. The microbial colo-
nization of the intestine of newborn depends on the type of 
delivery (natural birth versus caesarean section) and the type 
of food intake (breastfeeding versus bottle milk) [8]. The first 
2 years of life intestinal communities undergo substantial 
compositional fluctuations reacting to the new environmental 
cues, such as changes in dietary patterns, and thus it represents 
a crucial phase for the maturation of the intestinal microbial 

ecosystem [9–11]. After this critical phase, a relatively stable 
adult microbiota is established and interference factors (i.e., 
antibiotics, drugs, infections, excessive hygiene, nutrition, 
lifestyle) may affect its composition leading to serious long-
term consequences [12–16]. For instance, long-term dietary 
patterns have a significant influence on the selection of spe-
cific microbial networks, the so-called enterotypes. A diet 
rich in animal fat and protein is associated with the 
Bacteroides enterotype, while a high- carbohydrate diet cor-
responds to the Prevotella enterotype [13, 17]. The mamma-
lian gut microbiota comprises several hundred different 
bacterial species, many of which have a beneficial effect on 
the host and correspond to up to 1012–1014 organisms/g of 
colon content, exceeding greatly the number of eukaryotic 
cells. The totality of all microbial gene of the microbiota is 
called the metagenome and latest estimations suggest a ref-
erence catalogue of 9.9 million genes [18, 19]. The adult 
intestinal microbiota is dominated by the two phyla 
Bacteroidetes and Firmicutes accompanied at much lower 
abundance by Actinobacteria and Proteobacteria [7, 20–22]. 
At the species level, high-throughput 16S rRNA gene 
sequencing and metagenomic analysis allow the detection of 
approximately 100–200 operational taxonomic units (OTU) 
per individual [19, 23]. It should be pointed out that each 
human being has an individual gut microbiota composition, 
therefore the relative amounts of different phyla varies con-
siderably between individuals. Overall, more than 1000 dif-
ferent species of bacteria were detected in human fecal 
samples and biopsies [7]. The high interindividual variability 
of the intestinal microbiota in healthy people hampers the 
identification of a reference microbiota. Nevertheless, 
metagenomic analysis revealed a core functional gut micro-
biome consisting in approximately 60 bacterial gene families 
shared by individual subjects with differences in bacterial 
phylotypes. Thus, different combinations of bacterial spe-
cies, belonging to a common ecological niche, are able to 
carry out functions necessary for survival in the gut resulting 
in a stable microbiota [7, 21, 24, 25]. Hence, an extensive 
understanding of the functions of the microorganisms is 
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 crucial in order to explain the complex intestinal ecosystem 
and its interaction with the host. Integration of data from 
metagenomic, metatranscriptomic, metaproteomic, and 
metabolomics studies may aid to gain insights into the host–
microbiota interactome [26]. Elucidating the functions of the 
microbiota is of enormous physiological relevance for 
humans, considering the central role the intestinal ecosystem 
exerts on host immune and metabolic functions [27]. The 
evidence that many chronic diseases, such as allergies, meta-
bolic conditions, and autoimmune diseases, including IBD, 
are associated with compositional shifts of the gut microbi-
ota in clinical and/or animal studies underlies the therapeutic 
importance of this field of research [28–31].

 Factors Influencing the Intestinal Microbiota 
Composition

Under physiological conditions the microbiota is highly 
resilient to perturbations, such as moderate fluctuations in 
change in dietary-patterns, smoking, drugs or antibiotics. 
These factors, the so-called exposomal components, might 
temporarily or permanently modify the microbiota composi-
tion leading the bacterial ecosystem to stabilize within a new 
“alternative state” [32]. The ability of the microbiota to adapt 
to alterations in the intestinal milieu maintains intestinal 
homeostasis. In addition, a variety of host factors, including 
gender, genotype, age, psychological stress, and health status 
have been reported to shape the intestinal microbiota [8, 33].

The increased incidence of IBD in more developed coun-
try is speculated to be partially due to westernized dietary 
habits and overuse of antibiotics that disrupt mechanisms 
involved in development of immune tolerance altering dra-
matically the microbiota composition [15, 34, 35].

Smoking (e.g., nicotine) is an example of a disease spe-
cific modifier that seems to exacerbate CD [36] increasing 
the risk of surgical and clinical recurrence [37], while being 
protective against UC [38]. One explanation for the dichoto-
mous effect of smoking in patients with UC and CD is based 
on the evidence that smoking (e.g., nicotine) impairs autoph-
agy [39]. In contrast, recent findings in animal models of IBD 
suggested that the cytokine milieu characteristic of UC or CD 
may differentially regulate the expression of nicotinic recep-
tors harbored by colonic CD4 T cells and therefore inhibiting 
or promoting their pro-inflammatory function [40].

Drug therapy administered to CD patients, such as anti- 
TNF- α antibody treatment, has been investigated for its abil-
ity to alter the microbiota composition, showing an increase 
in Faecalibacterium prausnitzii [41, 42]. This evidence indi-
cates that this species is affected by inflammation and reduc-
ing it leads to a repopulation. This suggests that the 
inflammatory milieu may impact the microbiota composition 
selecting a specific combination of bacterial species.

 The Role of the Intestinal Microbiota in IBD

Several lines of evidence implicate the microbiota in the 
pathogenesis of IBD. For instance, animal models for chronic 
ileitis and colitis require the presence of gut microbiota to 
trigger the disease [43–47]. Additionally, inflammation 
occurs at sites with higher bacterial concentration and the 
administration of antibiotics usually leads to a reduction of 
inflammation in IBD patients and animal models [44, 48, 
49]. The central role of the intestinal microbiota in the devel-
opment of IBD was confirmed by GWAS and animal studies. 
Currently, 163 variant loci are associated with an increased 
risk of IBD. Their functions are attributed to microbial rec-
ognition or defense, epithelial cell function or the activation 
and regulation of innate as well as adaptive immune func-
tions [50]. In line with this, IBD patients harbor exacerbated 
immune responses directed against the normal intestinal 
microbiota due to aberrant immunoregulatory mechanisms 
and/or mucosal barrier defects. In fact, IBD patients exhibit 
spatial and compositional modifications within the gut com-
pared to healthy individuals. Clinical data report that the rig-
orous spatial separation between the epithelial surface and 
the intestinal microbiota is ablated in biopsies from CD 
patients [51–53]. The number of mucosa-associated micro-
organisms increase and the distance between the intestinal 
microbiota and the intestinal epithelium is reduced by a thin-
ner or more permeable mucous layer [1, 54]. A large number 
of studies have reported that IBD patients display composi-
tional changes in the microbiota, so-called dysbiosis, com-
pared to healthy individuals [1, 55–59]. Dysbiosis can be 
defined an alteration in the bacterial ecosystem associated to 
pathology [55, 60–62]. Intestinal dysbiosis has been associ-
ated with a variety of human disease, other than IBD, such as 
irritable bowel syndrome [63], chronic diarrhea [64], obesity 
[65], diabetes [31], autism [66], colorectal cancer [67], car-
diovascular [68], and liver disease [69]. It is still unclear to 
what extent the observed changes of the intestinal microbiota 
are a cause or consequence of the disease, or to what extent 
they contribute to the further course of the disease.

 Intestinal Microbiota Composition in IBD

Several studies compared the gut microbiota of IBD patients 
and healthy individuals in order to determine microbial 
 signatures associated with disease or healthy status. 
Changes in the microbiota composition in IBD encompass 
decrease in α-diversity [61, 70, 71], in Firmicutes, including 
Erysipelotrichales and Ruminococcaceae [72], especially F. 
prausnitzii [41, 58, 59], in Bacteroidales, specifically 
Bacteroides fragilis and vulgatus [73], with concomitant 
overrepresentation of Fusobacteria [72, 74], of Firmicutes, 
such as Veillonellaceae [72], and of Gammaproteobacteria, 
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i.e., Pasteurellaceae [75] and Enterobacteriaceae, such as 
Escherichia coli (E. coli) and specifically adherent-invasive 
E. coli (AIEC) [60, 74, 76, 77]. It has been observed that 
infectious bacteria, such as AIEC and mycobacterium avium 
subsp. paratuberculosis, are frequently associated with the 
pathogenesis of inflammation in CD patients [77–81]. This 
observation leads to the tempting speculation that transient 
infection with pathogens could act as environmental trigger 
to initiate inflammatory responses. These responses may 
become chronic and persistent under the stimulation offered 
by commensal bacteria once the pathogen has been cleared 
by the host. It is still debated whether bacterial infection is 
causal or secondary to underlying immune dysregulation in 
CD patients, such as macrophages unable to clear pathogens 
in the lamina propria of CD patients [82]. Furthermore, it is 
suggested that inflammation may lead to modifications in the 
composition of gut bacterial communities. Animal studies 
show that the induction of acute inflammation, for example, 
by chemical substances, such as DSS [83–85], or to a less 
extend by infectious bacteria such as Citrobacter rodentium 
[83], can cause changes of the intestinal microbiota.

In a twin cohort study, the authors showed that patients 
with ileal CD had significantly lower levels of Faecalibacterium 
and Roseburia and higher levels of Enterobacteriaceae and 
Ruminococcus compared to their discordant healthy twins 
[56, 62]. Another study carried out in UC patients and their 
discordant twins revealed the presence of a dysbiotic micro-
biota in UC subjects characterized by a reduced bacterial 
diversity and more Actinobacteria (mostly Rhodococcus 
genus) and Proteobacteria (mainly Enterobacteriaceae, i.e., 
Shigella/Escherichia) than that of their healthy siblings [61]. 
This evidence is of particular importance because it indicates 
that the gut microbiota composition is affected much more 
by the disease state rather than the genetic component in the 
context of ileitis and colitis.

IBD patients displayed an unusually higher amount of 
mucosa‐associated aerobic and facultative-anaerobic bacteria 
[61, 86, 87], supporting the oxygen hypothesis [88]. This 
theory proposes that an increase in oxygen tension in the gut 
leads to a bloom of facultative anaerobes and to the ablation 
of obligate anaerobes. A well-recognized example of bacte-
rial species highly reduced in IBD patients and dramatically 
affected by oxygen levels is Faecalibacterium prausnitzii [58, 
59]. Similarly, the pullulation of facultative-anaerobic mem-
bers of Enterobacteriaceae, especially E. coli, has been 
reported in IBD patients [60, 74, 76, 77]. It has been proposed 
that alteration in oxygen composition may be due to the 
inflammation status which is characterized by an oxidative 
burst in the intestinal tissue with release of reactive oxygen 
species (ROS) [89]. An attractive and innovative strategy will 
be to balance dysbiosis by modulating the level of oxygen in 
distal segments of the gut, for instance via drugs or probiotics 
selected for their ability to consume oxygen. In line with this, 

it is possible to speculate that small bowel resection, fre-
quently performed in CD to eliminate the inflamed gastroin-
testinal portion, causes per se the exposition of gut segments 
to atmospheric oxygen. Thus, bacteria that are able to cope 
with oxidative stress would be favored to proliferate and this 
dysbiosis would lead to disease reoccurrence.

Concomitant with changes in microbiota composition, IBD 
patients display alterations in function and metabolic capacity 
of the intestinal microbiota. The decreased production of short 
chain fatty acids (SCFAs) or the ability of host tissues to use 
SCFAs might be altered under conditions of chronic inflam-
mation [90]. For instance, butyrate is a major nutrient for 
enterocytes and lack of this energy source leads to energy 
deprivation, to impaired barrier function, and to increased bac-
terial translocation [91]. Several butyrate- producing bacterial 
species, such as Roseburia hominis and Faecalibacterium 
prausnitzii, were found to be decreased in UC patients com-
pared to their healthy siblings [61], or to healthy controls [92]. 
By harboring anti-inflammatory properties [93–95], these bac-
teria may represent an attractive strategy for therapeutic inter-
vention. Another possibility is to establish these indicator 
species as diagnostic markers for IBD. Examples are provided 
by studies on the butyrate- producing bacterium Butyricicoccus 
pullicaecorum which is underrepresented in fecal samples 
from IBD patients and it is able to reduce trinitrobenzenesul-
fonic acid-induced colitis in rats [96].

 Genetic Background Contribution in IBD

The contribution of genetic factors to the etiology of IBD has 
been estimated in monozygotic twins to be lower than 50 %, 
indicating a more predominant role for environmental factors 
in the development of the disease [56, 97]. Nevertheless, host 
genomic loci (i.e., NOD2, ATG16L1, and XBP1) have an 
impact on the composition and functionality of the bacterial 
community [14, 98, 99]. This concept has been supported by 
in vivo data generated in Nod2- and Xbp1-deficient mice, 
which harbor dysbiotic microbiota compared to the WT coun-
terparts [45, 100]. However, these genetically driven changes 
are not sufficient to trigger the development of IBD, as con-
firmed by studies in germ-free mice deficient in specific IBD 
susceptibility loci [45]. Further evidence has been provided 
by clinical data, which report a reduced diversity of mucosa-
associated bacteria in UC patients and in their discordant 
monozygotic twins compared to healthy subjects [3, 61, 101]. 
This observation emphasizes that familial aggregation, and 
thus genetic background and environment, may promote low 
microbial diversity. How these factors favor the development 
of IBD in some individuals and not in their siblings is still a 
forum of speculations. Another piece of evidence supporting 
the influence of IBD susceptibility loci on the microbiota 
composition is that subtle immunodeficiency, such as 
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ATG16L1 and NOD2 deficiency, licenses AIEC bacteria to 
proliferate as a consequence of decreased capacity to kill 
intracellular organisms due to defective autophagy [102, 103].

 Intestinal Microbiota–Immune System 
Interaction in IBD

Many studies investigated and reviewed the role of the intes-
tinal microbiota in driving the development and maintenance 
of the gut immune system [104–106]. Members of the micro-
biota or their metabolites can activate anti-inflammatory 
immune response by the induction of regulatory T-cells 
[107]. On the other hand, T cell subpopulations may also 
cause shifts in bacterial composition of the microbiota, and 
thereby contribute to dysbiosis and inflammation. Pathogenic 
NKG2D expressing CD4+ T-cells are preferentially recruited 
to the ileum in CD and their presence in non-inflamed gut 
segments correlates with post-resection relapse [108–110]. 
These cells induce Th17-like responses secreting high level 
of interleukin (IL)-17 and IL-22 and their clonal expansion is 
bacterial antigen-specific [109].

It is possible to speculate that the depletion of bacterial 
species or the selection of more aggressive ones may enhance 
bacterial recognition by the immune system promoting pro- 
inflammatory responses, fueling the question whether dysbi-
osis may lead to immune system dysregulation. An example 
is provided by a recent study which reports an increased 
number of cells expressing CD11c and TLR4 in mesenteric 
lymph nodes of DSS-treated mice. The high number of these 
enriched immune cells correlates with the increasing amount 
of mucin-degrading Enterobacteriaceae and Akkermansia in 
the colonic mucosa [84]. This evidence is in agreement with 
clinical data indicating an increase in TLR4 expressing den-
dritic cells in inflamed tissue of UC patients [111].

 Manipulation of the Intestinal Microbiota 
in IBD

Despite the strong correlative evidence of changes in the gut 
microbial ecosystem and disease activity, functional prove for 
the causative nature of microbe–host interactions especially 
the role of complex changes in community structure (dysbio-
sis) and related clinical adaptation is still lacking in IBD.

At present, microbial therapies are intensively studied 
with the aim to influence the disease activity by modulating 
the intestinal milieu. Four therapeutic intention strategies are 
applied to modulate the intestinal microbiota including the 
administration of antibiotics, prebiotics (i.e., dietary compo-
nents that promote the growth and metabolic activity of ben-
eficial bacteria), probiotics (i.e., beneficial bacteria), or fecal 
transplantation (bacteriotherapy).

Antibiotic treatment is well-known to affect microbiota 
composition leading to the reduction or elimination of spe-
cific taxa within microbial communities [112]. This is an 
efficient way to eradicate infectious organisms but on the 
other hand the chronic use of antibiotics may promote dys-
biosis [113]. Especially the repeated consumption of antibi-
otics at an early age lead to persistent disturbances of the 
microbial ecosystem and associates with an increased risk 
for the later occurrence of IBD [113, 114].

Several clinical studies have reported the efficacy of pro-
biotics, such as Escherichia coli Nissle 1917, Lactobacillus 
GG, Bifidobacterium longum, Lactobacillus reuteri, and 
VSL#3, in maintaining remission in UC [115–120]. In con-
trast, clinical trials of probiotics in CD have generated het-
erogeneous results and up to date probiotics have shown to 
be ineffective in inducing or in maintaining remission in CD 
patients [121, 122]. Clinical improvement has been achieved 
with a combination strategy, the so-called symbiotics, of pro-
biotic bacteria, e.g., B. longum, and prebiotics [123]. These 
data suggest that combination strategies including bacterio-
therapy and milieu modifiers offer an additional approach to 
treat CD.

While the intake of probiotics has only a minor influence 
on the intestinal ecosystem, relevant changes in the micro-
biota of the recipient may be induced by the introduction of 
complex bacterial communities through bacteriotherapy, the 
so-called fecal microbiota transplantation (FMT). In patients 
with refractory Clostridium difficile-associated diarrhea, 
therapeutic success can be achieved by FMT, which corre-
sponds to the transfer of a “normal” microbiota [124, 125]. 
The potential of bacteriotherapy is intriguing and applicable 
to diseases associated with intestinal dysbiosis. Nevertheless, 
the therapeutic efficacy of FMT in IBD patients is not yet 
clear. Borody and colleagues exploited FMT to successfully 
treat six patients with refractory UC [126]. A patient with 
severe CD complicated by refractory Clostridium difficile 
infection has been successfully treated by FMT [127]. A 
pilot study with 30 refractory CD patients showed clinical 
improvement and clinical remission (>76 %) after FMT up to 
15 months follow up [128]. However, a systematic review in 
2014 of FMT for IBD revealed that only half of the patients 
experienced symptoms improvement, disease remission and 
cessation of medication after FMT treatment [129]. Another 
systematic review in the same year described studies which 
report a success rate for the treatment of CD via FMT in the 
range of 80–100 %, indicating that the outcome of FMT is 
patient-specific [130], and in some cases no clinical benefit 
of FMT has been observed [131]. Two recent double-blind 
randomized control trials investigated the efficacy of FMT in 
UC patients. While the study from Moayyed et al. reported 
efficacy of FMT in active UC [132], the trial carried out by 
Ponsioen group showed that FMT may be beneficial only for 
some patients [133]. The contrasting results may be explained 
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by the different approach adopted by the two research teams, 
including mode of administration and the composition and 
the dose of the donor microbiota used.

 Conclusion

A growing body of evidence indicates that the intestinal 
microbiota play an essential role in IBD pathogenesis, poten-
tially by exacerbation of host immune responses in genetically 
susceptible host. Consequently, the modulation of microbial 
communities is an attractive therapeutic option. Despite the 
residual risk of transmission of pathogens, the unresolved 
long-term effects, as well as the use of functionally uncharac-
terized bacterial consortia, bacteriotherapy represents a more 
promising therapeutic approach to restore eubiosis.
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 Introduction

The causes of Crohn’s disease (CD) and ulcerative colitis 
(UC), the two major idiopathic inflammatory bowel diseases, 
are incompletely understood, despite having been defined 
many decades ago on the basis of their clinical manifesta-
tions [1–4]. For both UC and CD, most theories on patho-
genesis include intestinal microbes in either initiating and/or 
perpetuating mucosal inflammation in genetically suscepti-
ble hosts [5–9]. Abnormalities of intestinal microbes found 
in IBD include alterations in the composition (dysbiosis), the 
presence (or absence) of particular bacterial species, and the 
adherence of bacteria to the mucosal surface [7, 10, 11]. 
Evidence supports that host factors have a major role in regu-
lating intestinal microbes [12]. Antimicrobial peptides are a 
class of innate immune system mediators that serve as 
endogenous antibiotics [13] and likely constitute a major 
type of host factor to regulate these microbes [12]. This 
chapter provides an overview on the proposed biological role 
of intestinal antimicrobial peptides relevant to IBD patho-
genesis and develops a hypothesis to link altered expression 
of antimicrobial peptides in the pathogenesis of CD.

 Intestinal Microbiota in IBD

The intestine harbors an astonishingly numerous and diverse 
collection of microbes. Most studies have focused on bacte-
ria, because of their high abundance, but archaea, fungi, and 
viruses also contribute to the intestinal microbiome [14, 15]. 
Humans typically harbor more bacteria in their intestines 
than the total number of human cells in the body [15]. The 
intestinal bacteria are quite diverse, with a thousand or more 

different bacterial species represented [16]. Most of these 
bacteria are resident organisms (microbiota), but also include 
food- and water-borne organisms in transit through the intes-
tine. Opportunistic and potentially virulent pathogens may 
be found in both resident and transiting groups.

The gut microbiota occupies anatomical and physiologi-
cal niches that are vital to many physiological and homeo-
static functions [17, 18]. For example, the commensal 
microbiota have important roles in nutrition by fermenting 
indigestible components in the diet and synthesizing vita-
mins, amino acids and short-chain fatty acids, in host defense 
through colonization resistance, and in the development and 
regulation of the mucosal immune system [17–22]. Despite 
these host-beneficial effects, the microbiota poses a perpet-
ual threat of microbial disease owing to the shear numbers of 
bacteria and the close contact with the mucosal surface. As a 
countermeasure, the host relies on barriers and multifaceted 
defenses that involve both the innate and adaptive immune 
systems. The intestinal epithelium serves as a critical com-
ponent of the innate immune system [23, 24], both by pro-
viding a physical barrier (cells, tight junctions, and mucus), 
and by secreting various antimicrobial factors, including 
antimicrobial peptides [21, 25, 26].

Clinical observations support that intestinal bacteria are 
critical in IBD pathogenesis [11, 27]. In IBD, the microbiota 
loses diversity and has altered composition [10, 11, 27]. The 
presence of granulomas associated with CD has suggested 
one or more specific pathogens as potential causative agents. 
Although some data support that specific pathogens could 
cause CD [28], this is not a widely held hypothesis [10]. 
More favored are hypotheses invoking detrimental influences 
of altered composition, termed dysbiosis [5, 11, 27]. The dys-
biosis in CD includes increases in Enterobacteriaceae [29], a 
change that may be linked intimately to mucosal inflamma-
tion [30]. In addition, the dysbiosis is accompanied by a strik-
ing increase in mucosal-adherent bacteria [31–33]. There is 
also a decrease in some populations that are considered pro-
tective, such Faecalibacterium prausnitzii [34]. Finally, the 
ability of intestinal bacteria to incite and perpetuate intestinal 
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inflammation has been demonstrated in a variety of rodent 
models [35–41]. Together, accumulating evidence points to a 
central pathogenic role for intestinal microbes in IBD, 
although multiple mechanisms are likely and many details 
remain unresolved [7, 10, 11, 27].

 The Host Shapes the Microbiota

The intestinal microbiota is a complex ecosystem whose 
composition depends on both endogenous and exogenous 
factors. The microbes themselves influence their own envi-
ronment (pH, nutrients, etc.), which in turn affects microbe 
composition. The exogenous factors come from the environ-
ment and from the host. Environmental factors include: 
ingested microbes from food- and water-borne sources, 
maternal sources of microbes [42, 43], dietary nutrients [44–
46], and antibiotic exposure [47]. These factors can have 
longstanding significant influence on composition of intesti-
nal microbiota. In addition to these determinants, host fac-
tors likely have an overarching influence on the make-up of 
the microbiota [12, 24, 48, 49].

Experimental evidence supports the idea that all metazo-
ans shape the composition of their colonizing microbiota. 
For example, studies involving transplantation of intestinal 
microbiota from mice and zebrafish into their reciprocal 
germ-free host (i.e., zebrafish microbiota into germ-free 
mice and visa versa) resulted in dramatic shifts in composi-
tion, whereby the recipient host selected microbes that much 
more closely approximated their own native microbiota than 
composition observed in the transplanted microbiota [50]. In 
studies of nonhuman primates, the phylogeny of the host 
superseded both diet and environmental influences in deter-
mining fecal microbial community structure [51]. No doubt, 
there are many host factors that influence the make-up of the 
colonizing microbes, and we are only beginning to unravel 
an understanding of these factors.

The host immune system is likely to be a key driving 
force in shaping the composition of the colonizing microbi-
ota under baseline, as well as inflammatory conditions. This 
idea is supported in studies of basal metazoans, such as 
Hydra [52], in insects [53], as well as in mammals. In humans 
and other mammals, immunoglobulin-A (IgA) and defensins 
are two implicated effector molecules in this function. IgA 
can influence the composition of the intestinal microbiota 
[54], and an absence of IgA results in notable changes in 
microbial colonization [55]. Moreover, there is a dynamic 
interaction between intestinal IgA and microbial coloniza-
tion [56–63]. Defensins are the second identified host factor 
that shapes the structure of the microbial community. 
Experimentally, Paneth cell α(alpha)-defensins have signifi-
cant impact on the composition of intestinal microbiota [64]. 
This concept will be detailed below.

Complementary evidence for the role of host factors in 
altering the composition of the microbiota stems from anal-
ysis of the acute response to enteric pathogens. Interestingly, 
an important aspect of virulence for some enteric pathogens 
involves eliciting a mucosal inflammatory response, which 
then creates an environment favoring the pathogen as it 
strives to out-compete the residing microbiota. For example, 
Salmonella enterica serovar Typhimurium (S. typhimurium) 
induces intestinal inflammation that can impede the com-
mensal microbiota via various mechanisms. Concurrently, 
this pathogen uses multiple virulence factors to evade (and 
even profit from) the host-generated lethal antimicrobial 
inflammatory milieu [30, 65, 66]. One factor released from 
epithelial cells during the mucosal inflammatory response is 
lipocalin-2 (also known as siderocalin, neutrophil gelatinase- 
associated lipocalin, or 24p3), a 23-kDa antimicrobial “pep-
tide.” As discussed below lipocalin-2 sequesters bacterial 
siderophores, the bacterial proteins used for iron acquisi-
tion, thereby suppressing bacterial growth. However, S. 
typhimurium expresses a variant siderophore (called salmo-
chelin) that is not recognized or inhibited by lipocalin-2 
[67]. Thus, during S. typhimurium infection, the elicited 
lipocalin- 2 selectively suppresses growth of the indigenous 
microbiota dependent on siderophor-acquisition of iron, 
providing an advantage to S. typhimurium [68]. An analo-
gous virulence strategy involving defensin peptides has 
been proposed for Helicobacter pylori [69]. Together, these 
data support that host factors, including antimicrobial pep-
tides, mold the composition of the microbiota, both in base-
line and in inflammatory conditions.

 Antimicrobial Peptides

Antimicrobial peptides are among the most ancient elements 
of the immune system, and arguably are the most widely uti-
lized host-defense effector molecules found in nature [13]. 
Antimicrobial peptides are ribosome-synthesized antibiot-
ics, differentiated from other antibiotics in nature, such as 
penicillin, which are typically products of secondary metab-
olism of microorganisms. Studies of lower organisms have 
established that antimicrobial peptides are key to both host 
defense [53] and mucosal colonization by beneficial bacteria 
[70]. Most often, a size of about 100 amino acids differenti-
ates “peptide” from “protein,” but this size limit is rather 
arbitrary. Rather than size, the characteristic of being a gene- 
encoded, ribosome-synthesized antibiotic is most germane 
to the antimicrobial peptide designation [13]. Therefore, sev-
eral small proteins fall under the umbrella of antimicrobial 
peptide in this discussion. So defined, intestinal antimicro-
bial “peptides” (Table 5.1) function by mechanisms that 
include membrane disruption, inhibition of cell wall biosyn-
thesis, cell wall degradation and vital nutrient scavenging.
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Defensins are a major family of antimicrobial peptide of 
mammals [71–75], and in vivo models have provided 
 compelling support for their innate immune functions in the 
intestinal tract [64, 76–78]. Characteristically, defensins are 
18–40 amino acids in length and contain three intramolecular 
disulfide bonds [71, 72]. In the course of evolution, the genes 
encoding defensins have undergone duplication and diver-
sity, accompanied by relatively rapid changes in primary 
sequence attributed to host’s interactions with microbes in 
the internal and external environment [79]. Together these 
sequence changes have resulted in much diversity in the 
defensin family between species. However, a conserved 
sequence feature is the alignment of the six cysteines that 
participate in the three-disulfide bonds, which helps define 
the two subfamilies of defensins expressed in humans. One 
of these subfamilies, α(alpha)-defensins, is expressed most 
highly in neutrophils and in Paneth cells. In both of these cell 
types, α(alpha)-defensin expression is constitutive and part 
of the cellular differentiation of these cells as they mature. 
While this expression pattern is observed in marsupials, gli-
res (including rats) and some other mammals, mice are a 
striking exception, where defensins are expressed in Paneth 
cells (where they are called “cryptdins,” to emphasize crypt 
defensins), but not neutrophils [71, 73]. Paneth cells granules 
contain proteolytic enzymes that mediate processing of 
α(alpha)-defensin precursors [76, 80]. In humans, Paneth cell 
trypsin is the processing enzyme of pro-α(alpha)-defensins, 
while in mice matrix metalloproteinase (MMP)-7, also called 
matrilysin, serves this function [76, 80]. The β(beta)-defensin 
sub-family is expressed in many epithelial cells, including 
colonocytes. In the intestine, epithelial expression of β(beta)-
defensin is inducible, except for the apparent constitutive 
expression of HBD-1. In summary, in the human intestine, 
α(alpha)-defensins are highly expressed in Paneth cells of the 
small intestine, and β(beta)-defensins are expressed in the 
colon. At both locations, infiltrating neutrophils also carry an 
abundant stockpile of α(alpha)-defensins.

Both α(alpha)- and β(beta)-defensins typically have 
 bactericidal activity against both Gm− and Gm+ bacteria. 
Some defensins also have activity against fungi, viruses, and 

protozoa [72, 81]. Many defensins kill their target microbes 
by disrupting membrane integrity, but recent studies find that 
some defensin peptides interfere specifically with lipid II 
function and thereby block bacterial wall biosynthesis [82–
84]. Curiously, while Paneth cell HD5 has potent bactericidal 
activity, the second Paneth cell α(alpha)-defensin, HD6, does 
not have cidal activity against bacteria [78, 85] (at least while 
its tri-disulfide bonds are intact [86]). Nevertheless, HD6 has 
significant mucosal protective function via a novel mecha-
nism. HD6 can block the ability of enteric bacterial pathogens 
to invade cultured epithelial cells in vitro [78, 87], and HD6 
expressed in Paneth cells at physiological levels can protect 
mice from oral challenge by S. typhimurium in vivo [78]. The 
protection was attributable to unique binding and self-associ-
ation properties of HD6, resulting in formation of nanofibrils 
and nanonets, which can surround and entangle the targeted 
microbes. This unique mechanism helps explain the sequence 
conservation of HD6 throughout primate evolution and 
 suggests a key role for HD6 in protecting the human small 
intestine against invasion by diverse enteric pathogens [78].

Besides their antimicrobial activities, some defensins 
have additional activities that suggest their capacity to help 
coordinate host defense responses in the intestine [72, 73]. 
For example, human β(beta)-defensin-1 and -2 have che-
moattractant activity for cells expressing the chemokine 
receptor CCR-6, including dendritic cells [88, 89]. Human 
α(alpha)-defensin 5 is a potent lectin [90] and can neutralize 
bacterial exotoxins [90]. Certain other α(alpha)-defensins 
promote ion fluxes in epithelial cells [91, 92]. These and 
other activities of intestinal defensins suggest a broad role 
where these peptides likely contribute in several ways to 
innate immunity.

Lysozyme is an enzyme that specifically hydrolyzes pep-
tidoglycan. This enzyme is very abundant in the surface- 
lining fluid of many organs, including the intestine where it 
is chiefly made by Paneth cells. In addition, lysozyme is 
abundant in macrophages and neutrophils. Its high concen-
tration in these cells and at mucosal surfaces supports that 
lysozyme has a substantial role as an antimicrobial agent 
in vivo, even though specific activity in vitro is modest. 

Table 5.1 Major antimicrobial peptides of the human small intestine and colon

Antimicrobial Size (kDa) Antibacterial activity Cellular source

α-Defensin 1–4 3.4 Gm+ and Gm− Neutrophils

α-Defensin 5 3.6 Gm+ and Gm− Paneth cells

α-Defensin 6 3.7 Self-assembles
Forms protective nets

Paneth cells

β-Defensin 1–3 4 Gm+ and Gm− Colonocytes

Lysozyme 14 Gm+ > Gm− Paneth cells, mØ

sPLA2 16 Gm+ > Gm− Paneth cells, colonocytes, mØ

Reg3A/HIP/PAP 16 Lectin, Gm+ Paneth cells, enterocytes

Lipocalin 2 24 Selectively bacteriostatic
(Sequesters chelated iron)

Colonocytes
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In addition to its role as an antimicrobial agent, analysis of 
knockout mice points to another key in vivo role for lyso-
zyme—an ability to impede peptidoglycan accumulation in 
tissue. By enzymatic degradation of peptidoglycan, lyso-
zyme activity appears to help avoid prolonged inflammatory 
responses that otherwise would result from persistence of 
bacterial cell wall antigens [93]. Thus, whether eliminating 
peptidoglycan from crypts and intestinal tissue, and/or anti-
bacterial activity against lumenal microbes is the chief role 
for intestinal lysozyme remains an open question.

Phosholipase A2 enzymes are a large family of catalytic 
molecules that hydrolyze the fatty acid ester bond at position 
sn-2 of membrane phosphotriglycerides. Paneth cells gran-
ules contain abundant quantities of one specific member of 
this family that has selective activity on bacterial membranes 
[94, 95]. Colonic epithelial cells also express this enzyme, 
which is named group IIA secretory phospholipase A2 
(PLA2G2A, or simply sPLA2) [96]. Like lysozyme, sPLA2 
is not only expressed in epithelial cells, but also in macro-
phages [95]. Bacterial membranes, rich in phosphatidylglyc-
erol and phosphatidylethanolamine, are the key targets of 
sPLA2, but the enzyme can cleave other phosphotriglyceride 
substrates [95, 97]. The enzyme is bactericidal, with prefer-
ential activity against Gm+ bacteria [97, 98]. Interestingly, 
genetic evidence found that the gene encoding sPLA2 is a 
key modifier gene in mouse lines that spontaneously form 
intestinal adenomas and tumors [99, 100], but the mechanism 
leading to increased neoplastic growth is unknown [101].

An interesting C-type lectin with a single carbohydrate 
recognition domain is expressed in the human intestine, 
named REG3A (also called hepatocarcinoma-intestine- 
pancreas (HIP) or pancreatitis-associated protein (PAP)). 
Like its mouse ortholog, Reg3γ(gamma), this lectin binds 
peptidoglycan and is bactericidal against Gm+ bacteria 
[102–105]. This lectin is abundantly expressed in Paneth 
cells and enterocytes [102, 106, 107]. Another lectin abun-
dantly expressed in Paneth cells (although without direct 
antimicrobial activity) is intelectin-1 [108, 109], which is 
encoded by INTL1, a gene that was identified in genetic 
screens for IBD- susceptibility loci [110].

Lipocalin-2 binds bacterial siderophores, which are the 
catechol-related iron chelators secreted by bacteria to acquire 
iron from their environment. Sequestering these iron chela-
tors prevents this mode of bacterial iron acquisition and 
inhibits bacterial growth [111]. Many cells express lipocalin-
 2 inducibly, including liver, macrophages and epithelial cells 
of the lung and intestine [68, 112, 113]. In the intestine, lipo-
calin- 2 may selectively inhibit growth of siderocalin- 
dependent bacteria at the mucosal surface.

Mouse Paneth cells express certain antimicrobial peptides 
that have not been identified in humans, including a group of 
peptides called cryptdin-related sequences (CRS) [114, 115]. 
The genes encoding CRS peptides are homologs of α(alpha)-

defensins [116]. The CRS peptides are highly expressed, cat-
ionic and cysteine-rich, like α(alpha)-defensins, and they 
have similar antimicrobial activity, but differ in many struc-
tural features [73]. Angiogenin-4 is another antimicrobial 
peptide that does not have a clear human ortholog. Originally 
identified as a Paneth cell product induced when germ-free 
mice were colonized [117], angiogenin-4 belongs to a sub-
family of ribonuclease enzymes that have antibacterial and 
antiviral activities [118].

Before leaving the topic of intestinal antimicrobial pep-
tides, it must be mentioned that the host is not the sole source 
of antimicrobial peptides in the intestinal lumen. While anti-
microbial peptides in the intestinal tract are chiefly derived 
from the host epithelium, some Gm+ and Gm− bacteria also 
secrete ribosome-synthesized antimicrobial peptides called 
bacteriocins [119–123]. Bacteria seem to use these peptides 
to establish or protect an environmental niche. The bacterial 
strains producing bacteriocins will affect, like their host- 
derived counterparts, the composition of complex bacterial 
communities, adding considerable complexity to the dynam-
ics of the intestinal microbiota [119, 121–123].

 Paneth Cells, An Antimicrobial Peptide 
Factory

Paneth cells are epithelial cells with intensive secretory 
activity. Their large secretory granules contain massive con-
centrations of antimicrobial peptides [26, 124–126]. The 
cells reside in small clusters at the base of the small intestinal 
crypts. Although difficult to maintain in tissue culture with 
conventional approaches, new “organoid” models hold 
promise for facilitating in vitro studies of Paneth cell func-
tion [127, 128]. In the crypt, Paneth cells discharge their 
granules into the crypt lumen, and their contents diffuse from 
the crypt to target microbes at the intestinal surface and in 
the lumen, including both resident and newly acquired 
microbes. In so doing, Paneth cells antimicrobials can main-
tain host sovereignty at its surface interface with the intesti-
nal lumen, provide protection from food and water-borne 
pathogens and help shape the composition of the endogenous 
microbiota (Fig. 5.1) [26, 126]. In vivo studies in mouse 
models have provided strong support for these proposed 
antimicrobial functions [64, 76–78, 104, 129, 130]. The bio-
logical activities of Paneth cell antimicrobial peptides may 
be evident not only in the small intestine, but also in the 
colon, as lumenal contents transit via peristalsis [131].

A direct role of Paneth cell antimicrobials in regulating 
the small intestinal microbiome was investigated using com-
plementary mouse models [64]. In α(alpha)-defensin- 
deficient mice (via MMP7 gene knockout, encoding the 
processing enzyme for α(alpha)-defensins), there was 
decreased abundance of Bacteroidetes and increased 
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Firmicutes, as compared to wild-type littermate controls. In 
HD5 transgenic mice, the abundance of Bacteroides species 
increased and the Firmicutes dropped inversely. Thus, Paneth 
cell α(alpha)-defensin expression had significant impact on 
the colonizing microbiota under baseline conditions. In addi-
tion to these shifts in the dominant phyla of the small intesti-
nal microbiota, transgenic expression of HD5 also eliminated 
colonization by Candidatus Arthromitus, also referred to as 
segmented filamentous bacteria (SFB) [64]. SFB is a bacte-
rium that directly contacts the surface of the small intestinal 
epithelium. The loss of SFB in the HD5 transgenic mice 
resulted in a significant decrease of Th17 cells in the small 
intestinal lamina propria, highlighting that Paneth cell anti-
microbials can indirectly affect lymphocyte populations in 
intestinal tissues [64]. Interestingly, a converse SFB increase 
was reported in a mouse model that had marked Paneth cell 
dysfunction [132]. Together these data support that Paneth 
cell antimicrobials have an important homeostatic role in 
regulating the small intestinal microbiome. Furthermore, in 
their capacity to regulate the composition of the microbiome, 
Paneth cell antimicrobials can indirectly alter the abundance 

of subsets of lymphocytes in the lamina propria. Taken 
together, it seems clear that genetic or acquired abnormali-
ties in Paneth cell function may have significant impact on 
host–microbe homeostasis.

While antimicrobial peptides are the most abundant com-
ponent of the secretory granules, other secretory peptides and 
proteins impart additional biological roles for Paneth cells 
[124, 126]. Many molecules that have likely roles in innate 
immunity, or bridge between innate and adaptive immunity, 
are expressed in Paneth cells [124, 125, 133–136]. For exam-
ple, Paneth cells express NOD2, the gene encoding nuclear 
oligomerization domain 2 protein, an intracellular receptor 
for muramyl dipeptide of bacterial cell walls [133]. New data 
reveals that Paneth cells also express several molecules that 
serves as ligands for the adjacent intestinal stem cells, pro-
viding them with vital trophic factors [137]. It is likely that 
these cells have a much more fundamental and sophisticated 
role in intestinal homeostasis than currently acknowledged 
[126], although caveats have been highlighted in experimen-
tal approaches to study these intriguing cells [138].

 Paneth Cells and Crohn’s Disease

CD is often involves the distal portions of the small intestine 
where Paneth cells are abundant [1, 139, 140]. CD is associ-
ated with dysbiosis and abnormal bacterial adherence to the 
intestinal mucosal surface [5], consistent with impaired 
innate antimicrobial defenses. The identification of several 
CD susceptibility genes has placed a focus of CD pathogen-
esis squarely on Paneth cells and their antimicrobial prod-
ucts [140]. Indeed, Paneth cell structural abnormalities 
detected by routine histology are associated with inherited 
CD-susceptibility alleles [141–143]. Although the risk- 
alleles in these susceptibility genes are found in only a sub-
set of patients with CD, and all of these genes are expressed 
in other cells in the body, a compelling thread connects them 
to suggest that Paneth cell dysfunction [144] leads to an anti-
microbial peptide deficiency [107], which underlies disease 
pathogenesis in predisposed hosts (Fig. 5.2). The name 
“Paneth Disease” has been suggested to describe CD of the 
ileum [140].

Wehkamp and colleagues found reduced Paneth cell 
α(alpha)-defensin expression in ileal CD compared to con-
trols [107, 153]. Similar reduced expression of defensins 
was not observed in either UC or CD limited to the colon 
(L2) [107]. The decrease in Paneth cell α(alpha)-defensin 
was independent of intestinal inflammation [107]. This sug-
gests that reduced α(alpha)-defensin expression is not the 
result of inflammation, but rather an intrinsic and early event 
in the pathophysiology of CD. Individuals with L1007fs 
(SNP13) NOD2 mutations, have especially low α(alpha)-
defensin levels, which are significantly lower than others 

Fig. 5.1 Proposed roles for enteric antimicrobial peptides. The two 
principal roles for antimicrobial peptides in the intestine, such as Paneth 
cell α-defensins, are to protect the host from ingested pathogens and to 
help shape the composition of the colonizing microbiota. Depicted here 
in cartoon form is the release of secretory granules, chock-full of anti-
microbial peptides, from Paneth cells in the crypts of the small 
intestine
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with ileal CD but without this specific genetic variant [107]. 
This specific genetic polymorphism in NOD2 is also linked 
to increased disease severity and more significant ileal 
involvement [2, 154, 155], Additional studies show that 
deficiency of TCF7L2 (formerly TCF4) is associated with 
ileal CD [156]. TCF7L2 is an integral transcription factor 
that drives both Paneth cell differentiation and α(alpha)-
defensin expression [157]. The decrease in TCF7L2 expres-
sion was not dependent on an abnormal NOD2 genotype, 
and was independent of the degree of tissue inflammation, 
again suggesting that α(alpha)-defensin-deficiency may be a 
common inciting event in CD pathogenesis. A genetic asso-
ciation of TCF7L2 with ileal CD provides evidence that a 
decrease in Paneth cell α(alpha)-defensins is a primary fac-
tor in disease pathogenesis for some individuals [151]. 
Despite the aggregate of supportive data, the role of reduced 
α(alpha)-defensin expression is a subject of some residual 
controversy [158, 159].

NOD2 was the first susceptibility gene identified for IBD 
and is especially linked to CD [146, 147]. Epithelial expres-
sion of NOD2 in the small intestine is restricted to Paneth 
cells [160]. Nod2−/− mice have reduced Paneth cell α(alpha)-
defensin expression [133] and are deficient in immune 

response to enteric pathogens, including Listeria monocyto-
genes [133] and Helicobacter hepaticus [38]. Other investi-
gations of Nod2−/− mice have found conflicting results [161]. 
Interestingly, Nod2−/− mice develop granulomatous lesions 
in the ileal mucosa when challenged with H. hepaticus, a 
phenotype that is rescued by transgenic expression of 
HD5 in the mouse Paneth cells [38]. In addition, Nod2−/− 
mice have alterations in their small intestinal microbial 
microbiota [162].

Other CD susceptibility genes are associated with dys-
function of Paneth cell secretory pathways, rather than anti-
microbial expression. One such susceptibility gene is 
ATG16L1, which is homologous to the yeast autophagy gene 
ATG16 [148]. Autophagy is an essential cellular process for 
renewal and homeostasis, whereby organelles and other 
components (including secretory granules) are recycled fol-
lowing targeting to lysosomes for degradation [163, 164]. 
Mouse strains with reduced expression of the gene encoding 
Atg16l1 resulted in abnormalities in Paneth cell granule 
form and function [144, 165–167]. CD patients with the 
ATG16L1 (T300A) mutation have similar abnormalities of 
their Paneth cell granules [143, 165, 168], and have both 
alterations in their microbiota [169] and increases in 
mucosal- adherent E. coli [168]. The mouse phenotype in 
Atg16l1 hypomorphic mice is triggered by viral infection 
[170]. Interestingly, viral triggers have been implicated in 
human IBD [171].

Studies have linked CD to polymorphisms in another 
gene encoding a protein involved in autophagy, the immune- 
related GTPase M (IRGM) [150, 172, 173]. Irgm1 k/o mice 
are susceptible to ileal inflammation upon ingestion of dex-
tran sodium sulfate [174]. Abnormalities in Paneth cells of 
Irgm1 k/o mice, including abnormalities in Paneth cell 
granule size and histology, support the purported perturba-
tions in autophagy processes [174]. In patients with CD, 
there was also evidence of autophagy in Paneth cells with or 
without disease-associated variants of IRGM and ATG16L1, 
where a significant decrease in number and morphology 
of secretory granules was noted [141]. Finally, like with 
ATG16L1, there is a tantalizing connection of IRGM with 
viral infection [175] that potentially could have relevance in 
CD [141].

Variants of the transcription factor X-box binding protein 
1 (XBP1) have been associated with increased risk for CD 
[149]. XBP1 is involved in maintaining endoplasmic reticu-
lum (ER) function, especially important in intensive secre-
tory cells, such as Paneth cells [176]. Selectively deletion of 
Xbp1 in intestinal epithelial cells leads to Paneth cell (and 
goblet cell) dysfunction and results in intestinal inflamma-
tion in mice [149]. Genetic variations in the gene encoding 
XBP1 are associated with IBD susceptibility, and some 

Fig. 5.2 Genetic associations implicating Paneth cells in Crohn’s dis-
ease pathogenesis. Paneth cells are quintessential secretory cells of the 
small intestinal epithelium. Their functions contribute to intestinal 
homeostasis. Several genetic susceptibility factors for IBD may have 
their phenotypic underpinnings in Paneth cell dysfunction. These 
include KCNN4 (encoding KCa3.1) [145], NOD2 [146, 147], ATG16L1 
[148], XBP1 [149], IRGM [150], TCF7L2 (encoding TCF7L2, formerly 
TCF4) [151], and LRP6 [152]
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uncommon variants may also predispose to CD [149]. A 
recently reported striking link between Xbp1 and Atg16L1 
function further advances a mechanistic model for Paneth 
cell dysfunction in CD pathogenesis [144]. Mice with 
lineage- specific Xbp1 gene knockout in Paneth cells showed 
induced autophagy in these epithelial cells and had aberrant 
secretory granules. A majority of these mice developed 
spontaneous enteritis. Conversely, lineage-specific Atg16l1 
gene knockout in intestinal epithelial cells increases suscep-
tibility to ER stress. Mice with the genetic deficits in both 
pathways developed severe spontaneous transmural ileitis 
[144], supporting the notion that small intestinal CD is a spe-
cific disorder of Paneth cell function [140].

Another gene implicated in CD susceptibility may have 
pathogenic roots in Paneth cell secretion. KCNN4, which 
encodes for the calcium-activated potassium channel 
KCa3.1, was identified in a CD susceptibility genome-wide 
association study [145]. KCa3.1 is expressed in Paneth 
cells where it is involved in granule secretion [177]. One 
might speculate that disruption of the KCa3.1 channel 
would disrupt Paneth cell granule secretion, and result in 
deficiency of α(alpha)-defensins and other Paneth cell 
antimicrobials.

Finally, two genes in the WNT signaling pathway, 
TCF7L2 and LRP6, are implicated in CD pathogenesis [151, 
152, 156]. Wnt signaling is a key regulatory circuit for 
Paneth cell differentiation and α-defensin expression [126]. 
Levels of TCF7L2 mRNA showed a high degree of correla-
tion with both HD5 and HD6 mRNA [156]. The levels of 
TCF7L2 mRNA and TCF7L2 α(alpha)-defensin gene- 
promoter binding activity were decreased in CD patients 
with ileal disease, but were not decreased in colonic CD (L2) 
or UC [156]. Reduced expression of Tcf7l2 in heterozygous 
(+/−) mice caused a significant decrease of both Paneth cell 
α(alpha)-defensin levels and bacterial killing activity [156]. 
Furthermore, genetic study identified an association of 
sequence variants in the TCF7L2 promoter region with ileal 
CD [151]. The co-receptor named low-density lipoprotein 
receptor related protein 6 (LRP6) is a crucial WNT signaling 
pathway factor [178]. A rare sequence variant of LRP6 
(I1062V) was linked with early onset ileal CD and with pen-
etrating ileal CD behavior, but not to adult onset ileal CD, 
colonic CD, or UC [152]. This variant was also linked to 
particularly low defensin levels in ileal CD patients who 
were carrying this genetic alteration [152].

Taken together, these puzzle pieces merge to implicate 
Paneth cells, and their arsenal of antimicrobial peptides in 
the pathogenesis of CD (Fig. 5.3) [140]. It seems likely that 
the aforementioned susceptibility genes may manifest part 
of their phenotypic effects through compromise of Paneth 
cell function. The aberrant function may lead to chronic 

alterations in microbiota, establishing dysbiosis [179], or 
limitations in the ability of these cells to successfully cope 
with acute microbial challenges.

 Conclusions

The human intestine is colonized by a diverse, abundant, and 
dynamic microbial ecosystem. These microbes are key to 
physiological homeostasis and proper balance of the immune 
system. The interactions between antimicrobial peptides and 
this intestinal microbiota may have a significant impact on 
both health and disease, and many aspects of this dynamic 
interplay are areas of current investigation. Paneth cell anti-
microbial peptides, including α-defensins, are likely funda-
mental host factors that determine the composition of the 
colonizing microbiota. Perturbations of Paneth cell function, 
and α-defensin expression in particular, may be a fundamen-
tal factor in the pathogenesis of ileal CD. A vital link could 
be aberrant interactions with the intestinal microbiota that 
initiate and/or propagate ileal inflammation. Future studies 
to further define the function(s) and regulation of enteric 
antimicrobial peptides will enhance our understanding of 
normal intestinal physiology and homeostasis. This knowl-
edge may provide new therapeutic targets for treating inflam-
matory diseases in the intestine.

Fig. 5.3 Hypothesis on the possible link of Paneth cell α(alpha)-
defensins and ileal Crohn’s disease (CD). Reduced expression of Paneth 
cell α(alpha)-defensins is characteristic of CD of the ileum (bottom), 
but not ulcerative colitis or CD of the colon [107]. Genetic and environ-
mental factors reduce expression of Paneth cell α(alpha)-defensins 
(solid arrows). The resulting α(alpha)-defensin deficit is thought to 
contribute to dysbiosis (solid arrow). In turn, the dysbiosis (solid 
arrow), when combined with perhaps additional independent genetic 
susceptibility factors and environmental triggers (gray arrows), leads to 
CD. Mucosal pathology may further promote dysbiosis and further 
impairment of Paneth cell function (dashed arrows)
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6

 Introduction

It is now well recognized that the blood and lymph vascular 
systems play an important role in the genesis and perpetua-
tion of an inflammatory response. Evidence accumulated 
from decades of clinical and basic research has revealed that 
the vasculature of the inflamed intestine undergoes a variety 
of functional and structural changes that influences the qual-
ity and intensity of the inflammatory and tissue injury 
responses, and sets the stage for tissue repair and regenera-
tion. All segments of the vascular tree (arterial, capillary, 
venous) exhibit characteristic changes in response to inflam-
mation. These include an altered reactivity of arterioles to 
vasodilators and vasoconstrictors, impaired capillary perfu-
sion, the adhesion of leukocytes and platelets to venular 
endothelium, enhanced coagulation and thrombus forma-
tion, increased vascular permeability with accelerated fluid 
and protein filtration, and the proliferation of blood and lym-
phatic vessels. Since virtually every cell that either resides 
within or courses through the inflamed gut is activated, it is 
generally believed that multiple cell types and mediators 
activate the signaling mechanisms that account for the 
altered vascular function that accompanies inflammation. 
This chapter provides a brief summary of the vascular 
responses to gut inflammation and addresses the potential 
mechanisms that underlie these diverse vascular changes 
(Fig. 6.1) that contribute to the pathogenesis of inflammatory 
bowel diseases (IBD) [1–4].

 Vasomotor Dysfunction

Intestinal blood flow can be altered profoundly by chronic 
gut inflammation. However, the nature and magnitude of the 
change in intestinal blood flow appear to be dependent on the 
stage of progression of the inflammatory response. During 
the early “exudative” phase of colonic inflammation in 
patients with either ulcerative colitis (UC) or Crohn’s disease 
(CD), colonic blood flow (particularly in the mucosal and 
submucosal layers) is increased significantly (two- to sixfold) 
[5]. However, in the late “fibrosing” stage of the disease, 
colonic blood flow is reduced below normal. A reduction in 
blood flow also has been reported in colonic arterioles of 
mice with experimental colitis induced by either dextran 
sodium sulfate (DSS) or T-cell transfer into immunodeficient 
mice [6, 7]. However, despite the arteriolar constriction and 
lower blood flow rates in the individual vessels, overall blood 
flow rates to the ileum and colon in both models were only 
marginally reduced as a result of an approximate twofold 
increase in vascular density [6–10]. A subset of mice in the 
T-cell transfer model does exhibit a significantly reduced 
overall blood flow, and this is accompanied by mucosal 
hypoxia and only mild signs of inflammation [11]. There is 
also evidence that leukocytes recruited into the inflamed 
bowel may also influence vasoactivity [12]. In a T-cell trans-
fer model of chronic colitis, vasodilation of first- order 
colonic arterioles and venules was found to correlate with 
the number of circulating leukocytes [13]. However, it should 
be noted that the dilation was not accompanied by an increase 
in blood flow, possibly due to the constriction of smaller 
arterioles mentioned earlier [6].

Studies on colonic arterioles derived from patients with 
IBD and from animal models of experimental colitis have 
revealed an impaired ability of the resistance vessels to 
respond to endothelium-dependent vasodilators [2, 7, 14]. 
The arteriolar dysfunction detected in vessels derived from 
IBD patients is severe, with acetylcholine-induced dilation 
reduced to only about 10 % of the response detected in 
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normal arterioles. The impaired vasodilatory response 
appears to result from a diminished capacity of arteriolar 
endothelial cells (EC) to produce nitric oxide (NO), rather 
than prostacyclin. The NO deficiency results from an exces-
sive production of superoxide, which rapidly reacts with and 
inactivates NO, thereby inhibiting smooth muscle relaxation 
[2, 7, 14]. The deficient dilation appears to be a consequence 
of endothelial dysfunction, inasmuch as vascular smooth 
muscle function appears to remain unchanged [15]. Recent 
work has also implicated circulating microparticles, which 
are elevated in plasma of CD patients, in the impaired flow 
(and NO)-dependent dilation that accompanies IBD [16].

The changes in colonic blood flow during IBD may also 
reflect an altered production of endogenous vasoconstrictors 
[10, 17]. Several reports describe increased levels of throm-
boxane synthase and/or thromboxane B2 in the colon of IBD 
patients, with a correlation noted between thromboxane 

synthase and disease activity. It remains unclear whether 
thromboxane- induced vasoconstriction contributes to dis-
ease progression because thromboxane synthase inhibitors 
showed little effectiveness in promoting remission of IBD. 
Angiotensin II and endothelin-1, other endogenous vasocon-
strictors generated by the gut, are also elevated in the colonic 
mucosa of CD patients [17]. Endothelin-1 has been impli-
cated in the tissue hypoxia that accompanies the ischemic 
phase of IBD progression [18].

 Leukocyte– and Platelet–Endothelial  
Cell Adhesion

The adhesion of leukocytes to vascular endothelium is a 
hallmark of the inflammatory response. This adhesive inter-
action between blood cells and the vessel wall largely occurs 

Fig. 6.1 Microvascular responses to intestinal inflammation. 
Arterioles exhibit impaired vasomotor function that is manifested as an 
early hyperemia and a later phase of vasoconstriction. The hyperemic 
response may contribute to the edema associated with inflammation by 
virtue of the effect of arteriolar dilation on capillary pressure. The late 
phase vasoconstriction may result in tissue hypoxia, a stimulus for 
VEGF production and angiogenesis. Arterioles are also the primary site 
of microvascular thrombosis in experimental IBD. Increased platelet 
reactivity and an activated coagulation system render the arterioles 

vulnerable to thrombus formation during inflammation. Increased 
endothelial cell adhesion molecule expression occurs in inflamed 
venules, which promotes the recruitment of both leukocytes and plate-
lets. Leukocytes and platelet can bind directly to the vessel wall or 
adhere to each other. The enhanced leukocyte emigration across 
inflamed venules can, along with the direct actions of many inflamma-
tory mediators, cause endothelial barrier dysfunction and an increased 
vascular permeability, leading to plasma protein extravasation and 
interstitial edema
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in postcapillary venules and is critical for the recruitment of 
inflammatory cells to sites of infection and/or tissue injury. 
An important determinant of whether leukocytes adhere to 
vascular endothelium is the pro-adhesive force that is gener-
ated by adhesion molecules expressed on the surface of acti-
vated leukocytes and endothelial cells (EC). Table 6.1 
summarizes some of the EC adhesion glycoproteins that 
have been implicated in the recruitment of leukocytes in 
inflamed colonic venules, their ligands (counter-receptors) 
on leukocytes, and the type of adhesive interaction mediated 
by the glycoprotein pairs. Studies in animal models of IBD 
have demonstrated a time-dependent increase in the expres-
sion of P- and E-selectins, ICAM-1, VCAM-1, and 
MAdCAM-1 in the vasculature of the inflamed colon [1, 19, 
20]. Similar findings have been reported for mucosal biopsy 
samples derived patients with active (but not quiescent) 
ulcerative or Crohn’s colitis. This upregulation of EC adhe-
sion molecules is accompanied by the recruitment of large 
numbers of rolling, firmly adherent and emigrated (extrava-
sated) leukocytes within (and surrounding) inflamed colonic 
venules. The critical importance of adhesion molecules in 
the genesis of experimental IBD is evidenced by a number of 
studies demonstrating attenuated inflammatory and tissue 
injury responses in mice that are genetically deficient in spe-
cific leukocyte or endothelial cell adhesion molecules, and in 
animals treated with blocking antibodies directed against 
these adhesion glycoproteins [1, 19, 20].

A variety of factors contribute to the modulation of leuko-
cyte–endothelial cell adhesion during gut inflammation 
either by affecting the intensity of adhesion molecule expres-
sion and/or the ability of these glycoproteins to sustain strong 
adhesive interactions between the blood cell and vascular 
endothelium. Nitric oxide, adenosine, and prostacyclin pro-
duced by EC tend to prevent leukocyte–EC adhesion while 
reactive oxygen species (superoxide, hydrogen peroxide) 
produced by activated leukocytes and EC appear to promote 
leukocyte adhesion [14, 15]. These endogenous regulators of 
leukocyte adhesion exert either a direct (transcription- 
dependent) or indirect (i.e., altering the production of inflam-
matory cytokines) effect on the production/expression of EC 
adhesion molecules. Vasoactive agents (e.g., nitric oxide) 

can also influence the quality of the adhesive interaction 
between glycoproteins expressed on leukocytes and EC by 
altering shear forces generated by the movement of blood 
through the microvasculature. The number of leukocytes 
recruited in inflamed venules is inversely related to wall 
shear rate, suggesting that it is easier for leukocytes to create 
strong adhesive bonds with ECs at low shear rates and that 
high shear rates are likely to prevent the creation of such 
bonds. This dependency of leukocyte adhesion on shear rate 
suggests that the changes in blood flow associated with the 
early and late stages (discussed above) of inflammation may 
significantly influence the intensity of leukocyte recruitment 
during IBD [19–21].

Platelets also accumulate in the microvasculature of the 
inflamed colon. The adhesion of platelets to the walls of 
colonic venules appears to reflect platelet binding to acti-
vated ECs rather than adhesion to the collagen-rich subendo-
thelial surface of damaged blood vessels [22, 23]. Intravital 
microscopic evaluation of platelet binding in inflamed 
colonic venules has revealed that a relatively small propor-
tion (<10 %) of the platelets bind directly to ECs, while most 
attach to leukocytes that are already bound to the vessel wall. 
P-selectin blockade effectively inhibits both the leukocyte- 
dependent and -independent components of platelet adhe-
sion in colonic venules of colitic mice, suggesting that 
P-selectin (whether expressed on the platelet or EC) contrib-
utes to both recruitment processes [23]. While platelet bind-
ing to EC is not altered by ICAM-1 or CD18 immunoblockade, 
the accumulation of leukocyte-bound platelets is dramati-
cally reduced. The findings are consistent with a model 
wherein leukocytes require P-selectin to roll on venular 
endothelium and subsequently establish firm adhesion via 
CD18-ICAM-1 interactions. The adherent leukocytes, which 
constitutively express PSGL-1, then create a platform onto 
which platelets can bind using P-selectin. Similar P-selectin 
(platelet-associated)-PSGL-1 (leukocyte-associated) interac-
tions also likely account for the platelet-leukocyte aggre-
gates that are detected in blood of IBD patients. Platelet 
recruitment into inflamed microvessels may be important 
because, upon activation, platelets produce/release a variety 
of pro-inflammatory mediators. Furthermore, platelets 
attachment to neutrophils enhances superoxide production 
by the latter cells [24].

 Coagulation and Thrombosis

Additional consequences of the altered platelet function 
that occurs during IBD include hyper-reactivity, hyper- 
aggregability, and an increased propensity for thrombus 
formation in large and microscopic blood vessels [3, 20–
23]. Intravascular platelet aggregates are detected in muco-
sal biopsies from patients with ulcerative colitis, and the 
number of platelet aggregates in mesenteric venous blood is 

Table 6.1 Endothelial cell adhesion molecules: ligands and functions

Adhesion molecule Leukocyte receptors Adhesion response

P-selectin L-selectin, PSGL-1 Rolling

E-selectin L-selectin Rolling

ICAM-1 CD11/CD18 Adherence, emigration

VCAM-1 VLA4 Adherence, emigration

MAdCAM-1 alpha4beta7 Adherence, emigration

PECAM-1 PECAM-1 Emigration

ICAM-1 intercellular cell adhesion molecule-1, PSGL-1 P-selectin gly-
coprotein ligand, VCAM-1 vascular cell adhesion molecule-1, VLA4 
very late antigen-4, MAdCAM-1 mucosal addressin cell adhesion mol-
ecule-1, PECAM-1 platelet endothelial cell adhesion molecule-1
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increased in IBD. The enhanced reactivity and aggregability 
of platelets in IBD are accompanied by evidence of significant 
systemic activation of the coagulation system. The antico-
agulant role of ECs is diminished during inflammation, 
which is reflected in an increased expression of tissue factor, 
downregulation of anticoagulant protein C pathway, and the 
inactivation of nitric oxide by superoxide. Collectively, the 
hemostatic alterations that accompany inflammation tip the 
balance between procoagulant and anticoagulant mecha-
nisms in favor of thrombus formation. This combination of a 
hypercoagulable state and platelet hyper-reactivity/aggrega-
bility in IBD likely accounts for the fact that vascular beds 
distant from the inflamed bowel are vulnerable to thrombosis 
[3, 25–29].

Systemic thromboembolic events (TE) are a significant 
cause of morbidity and mortality in IBD patients. Clinical 
studies have revealed that the incidence of TE events in IBD 
patients is ~6.2 %, with a 3.6-fold increase in risk for TE 
complications compared to the general population [3, 30, 
31]. A much higher incidence of systemic TE (41 %) is pre-
dicted from postmortem studies. Both the arterial and venous 
circulations appear to be involved in IBD-associated TE, 
although venous complications occur more frequently. TE is 
most commonly manifested as deep vein thrombosis (DVT) 
or pulmonary embolism (PE), although thromboses have 
been detected in other regional circulations, including brain, 
retina, and liver [3].

Many of the hemostatic alterations reported in patients 
with IBD have been recapitulated in animal models [3]. 
These include increases in blood levels of fibrinogen and 
TAT complexes, thrombocytosis, and a reduced capacity for 
protein C activation [32, 33]. Mice with experimental colitis 
also exhibit an increased vulnerability to microvascular 
thrombus formation in extra-intestinal tissues, a response 
that is largely confined to arterioles [3, 32]. Tissue factor 
activation, an impaired protein C pathway, and thrombin 
have all been implicated in the enhanced extra-intestinal 
thrombosis in experimental IBD models. While the chemi-
cal and/or cellular signals produced by the inflamed gut that 
initiates this distant organ thrombogenic response remain 
undefined, there is evidence implicating the cytokines, 
interleukin-1beta, tumor necrosis factor-alpha, and interleu-
kin- 6 (IL-6) [3, 34]. Immunoblockade of these cytokines, 
particularly IL-6, appears to largely prevent the enhanced 
extra-intestinal thrombosis associated with DSS-induced 
murine colitis [34]. The DSS model has also been useful in 
demonstrating a role for procoagulants (tissue factor) and 
anticoagulants (activated protein C) in modulating the initia-
tion and perpetuation of gut inflammation, findings consistent 
with the view that inflammation and coagulation are interde-
pendent processes that can initiate a vicious cycle wherein 
each process propagates and intensifies the other [35].

 Angiogenesis and Vascular Permeability

There is a growing body of evidence that IBD is associated 
with the development of new blood (angiogenesis) and 
lymph (lymphangiogenesis) vessels from the existing vascu-
lar network and that the angiogenic response tends to pro-
long and intensify the inflammatory response [4, 8, 36, 37]. 
Mucosal biopsies from inflamed bowel in IBD patients have 
revealed a significant increase in the density of microscopic 
blood vessels, compared to normal bowel samples. Similar 
evidence for increased vascularity has been reported in dif-
ferent models of experimental colitis. A dependency of the 
inflammatory response on angiogenesis is supported by ani-
mal studies that demonstrate significant positive correlations 
between angiogenic and inflammatory disease activity [36, 
37]. Further support is provided by reports that describe 
diminished disease activity, tissue injury, and colonic inflam-
mation in mice treated with (or that genetically overexpress) 
antiangiogenic agents (e.g., soluble VEGF-1 receptor), while 
a worsening of disease activity, injury, and inflammation is 
noted in colitic animals treated with (or that genetically over-
express) pro-angiogenic agents such as VEGF-A (vascular 
endothelial growth factor-A). The dependency of the inflam-
matory response on angiogenesis has been explained by the 
fact that newly formed blood vessels are immature and dys-
functional (e.g., leaky) which tends to promote the recruit-
ment and emigration of inflammatory cells [36, 37].

Angiogenesis is a complex process that begins with an 
initiating event, such as inflammation, which involves the 
activation of different cell populations that release angio-
genic factors, such as VEGF, PDGF (platelet derived growth 
factor), FGF (fibroblast growth factor), tumor necrosis 
factor- alpha (TNF-alpha), and adenosine [20, 36, 37]. This 
is followed by a proliferation/invasion phase that involves 
changes in the vessel wall (e.g., increased vascular permea-
bility, dissolution of the basement membrane) that allow for 
the migration and proliferation of ECs. The final stage (mat-
uration/differentiation) includes tube formation and restora-
tion of a normal vessel wall. The rate of angiogenesis is 
governed by the balance between angiogenic and angio-
static factors produced by the tissue. During inflammation, 
this balance favors angiogenesis. Because sites of inflam-
mation are often hypoxic, the low tissue oxygen tension also 
contributes to angiogenesis by virtue of its induction of 
hypoxia- inducible factor (HIF), which elicits the transcrip-
tion-dependent production of VEGF and FGF. [18] The leu-
kocytes, platelets, and macrophages that are recruited and 
activated in inflamed tissue are also capable of producing 
large quantities of pro-angiogenic factors, including VEGF 
and cytokines.

In contrast to the deleterious effects of angiogenesis in 
colonic inflammation, the lymphatic proliferation that also 
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accompanies this condition appears to facilitate disease 
resolution [38, 39]. Lymphatic stasis, a potent stimulant for 
lymphatic proliferation, has been described in human and 
experimental IBD. Interference with lymphatic proliferation 
in experimental IBD is associated with enhanced inflamma-
tion and edema, while treatments that promote lymphangio-
genesis (e.g., adenoviral induction of VEGF-C) tend to 
afford protection against the development of colonic inflam-
mation [38, 39].

Inflammation is generally associated with impaired endo-
thelial barrier function and an increased vascular permeabil-
ity [40, 41]. While this response is a critical component of 
the angiogenic response, it is not confined to those regions of 
the vascular bed that sprout new blood vessels. Inflamed 
postcapillary venules exhibit an increased permeability to 
plasma proteins which leads to increased tissue oncotic pres-
sure, withdrawal of fluid from the intravascular compartment 
(capillaries and venules), increased interstitial fluid volume, 
and ultimately interstitial edema (Fig. 6.1). Studies in animal 
models of IBD support the view that substances released by 
recruited inflammatory cells, and resident mast cells and 
macrophages mediate the endothelial cell contraction and 
diminished barrier function noted in the inflamed gut [42]. 
Potential candidate mediators include histamine, VEGF, 
cytokines (interleukin-8), lipid mediators (e.g., platelet acti-
vating factor), leukocyte-derived proteases (e.g., elastase), 
and reactive oxygen and nitrogen species.
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Immunobiology of Human Dendritic 
Cells in Inflammatory Bowel Disease

Daniel C. Baumgart

 Introduction

Breakdown of immunological tolerance towards the com-
mensal microflora in genetically susceptible individuals is 
believed to be the key event in the pathogenesis of inflamma-
tory bowel disease [1, 2].

Dendritic cells control the critical balance between anergy 
and immunity due to their functional dichotomy of being either 
the most potent antigen presenters or effective inducers of 
(peripheral) tolerance. Due to their expression of the entire 
spectrum of pattern recognition receptors (PRRs), such as TLR 
and NOD they can sense virtually all microbial associated 
molecular patterns (MAMPs). This puts them in a pivotal posi-
tion for understanding the distinct innate and adaptive immune 
responses intestinal microbiota induce in inflammatory bowel 
disease. Following microbial recognition and interpretation, 
dendritic cells direct the innate and adaptive immune response 
of effector cells towards regulation vs. inflammation [3, 4].

Thus, dendritic cells are considered key for the initiation, 
perpetuation and control of inflammation in inflammatory 
bowel disease. Animal and in vitro studies suggest that DC 
falsely recognize commensal bacteria and may induce a TH1 
or TH17, pro-inflammatory immune response normally 
directed at pathogens. Activated DC have been demonstrated 
in IBD animal models which may prolong the survival of 
activated T-cells, thereby maintaining inflammation [5–8].

Human dendritic cell populations in Crohn’s disease and 
ulcerative are insufficiently characterized. This is due to 
their generally low frequency in accessible tissues and fur-
ther complicated by our still incomplete understanding of 
human dendritic cell origins and ontogeny and the resulting 
problem to unequivocally identify the human counterparts of 
the various murine dendritic cell subsets [9–11].

This chapter focuses exclusively on human dendritic cells 
in human inflammatory bowel disease, while the data on 
inflammatory bowel disease animal model derived dendritic 
cell data has been extensively reviewed elsewhere [12].

 Distribution, Phenotype, and Function 
of Human Dendritic Cells in Inflammatory 
Bowel Disease

 Peripheral (Circulating) Blood Dendritic Cells

A number of studies have looked at peripheral blood den-
dritic cells from patients with inflammatory bowel disease. 
We and others found an activated (mature) phenotype indi-
cated by higher expression of CD40, CD83, or CD86 and on 
freshly isolated myeloid dendritic cells from Crohn’s patients 
and ulcerative colitis compared with healthy controls [13, 
14]. Myeloid dendritic cells from Crohn’s and ulcerative 
colitis patients show an exaggerated response to lipopolysac-
charide, stimulate T-cells significantly more in mixed lym-
phocyte reactions and are important producers and secretors 
of key inflammatory cytokines such as IL-1 [15], IL-6 [13], 
IL-8 [13, 15], TNF-α [13], and nitric oxide [16]. The anti- 
inflammatory capacity of TGF-β and IL10 to inhibit proin-
flammatory cytokine production by monocyte-derived 
dendritic cells (MoDC) was not disturbed in one pediatric 
IBD study [17]. However, the IL-17A response in allogeneic 
T helper memory cells in the presence of LPS stimulated 
moDCs of Crohn’s disease was attenuated compared with 
controls [18].

The frequency of peripheral blood dendritic cells is 
already low compared with primary lymphatic organs such 
as the spleen or mesenteric lymph nodes [19]. Data from our 
group demonstrated a decreased frequency of both plasma-
cytoid and myeloid dendritic cells in IBD patients that strik-
ingly correlates with disease activity [20]. This also applies 
to circulating 6-sulfo LacNAc DC (slanDC). The frequency 
of CD14dullSlan DCs was reduced in patients in Crohn’s 
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disease refractory to immunosuppressive drugs or TNF- 
alpha blockers relative to untreated CD, UC, and healthy 
subjects. In blood of CD patients, SlanDCs expressed 
CD172a, as detected by CD47 fusion protein binding, when 
compared with its lack of expression in control subjects [21]. 
slanDC establish a network with human neutrophils and KK 
cells which ultimately serves to upregulate NK-derived IFN- 
γ. LPS and IL-2 or IL-15/IL-18 stimulation of neutrophils 
potentiates the activity of both slanDCs and NK cells. 
Neutrophils augment the release of IL-12p70 by slanDCs via 
a CD18 via ICAM-1. Colocalization of neutrophils, NK 
cells, and slanDCs, as well as of IL-12p70 and IFNgamma, 
in inflamed tissues of Crohn disease provides strong evi-
dence for a novel cellular and cytokine cooperation within 
the innate immune system [22].

This peripheral depletion and their accumulation at the 
sites of inflammation (see below) suggest recruitment of den-
dritic cells to the gut in active inflammatory bowel disease. In 
fact their expression of transmigration, gut homing and che-
mokine/chemoattractant receptors such as intercellular adhe-
sion molecule-1 (ICAM-1), the integrin α4β7 (CD49d) [20], 
CCR6 [23], and CCR7 (CD197) [24, 25] and CCR8 [26] has 
been shown and supports this hypothesis [13, 20, 27]. It is 
conceivable that dendritic cells are attracted to the mucosa 
and mesenteric lymph nodes by the stromal expression of 
chemokines or chemoattractants such as lymphotactin [28], 
CXCL-8 [29], CXCL9 [29], CXCL10 (IFN-γ induced protein 
10 kDa [IP-10]) [29] and CXCL13 (also called B cell-attract-
ing chemokine 1 [BCA-1] or B-lymphocyte chemoattractant 
[BLC]) [30, 31] as well as CCL19 [25, 32], CCL20 [25, 33], 
and CCL21 [21, 25, 32, 34].

To investigate the role of microRNA (miR)-10a, a small, 
noncoding RNA, in the regulation of innate and adaptive 
responses to microbiota in IBD human MoDC and IBD 
CD4+ T cells were transfected with miR-10a precursor to 
define their effect on the function of DC and CD4+ T cells. 
The expression of miR-10a was markedly decreased, while 
NOD2 and interleukin (IL)-12/IL-23p40 were significantly 
increased, in the inflamed mucosa of IBD patients compared 
with those in healthy controls. Anti-TNF mAb treatment sig-
nificantly promoted miR-10a expression, whereas it mark-
edly inhibited NOD2 and IL-12/IL-23p40 in the inflamed 
mucosa. The authors further identified NOD2, in addition to 
IL-12/IL-23p40, as a target of miR-10a. The ectopic expres-
sion of the miR-10a precursor inhibited IL-12/IL-23p40 and 
NOD2 in DC. Moreover, miR-10a was found to markedly 
suppress IBD T helper (Th)1 and Th17 cell responses [35].

A functional defect in myeloid dendritic cells potentially 
explain the suspected defect in innate immunity was sug-
gested by this study, where the authors reported that pattern- 
recognition receptor (PRR)-induced cytokine secretion was 
diminished in human monocyte-derived dendritic cells 
(MDDC) from rs7282490 ICOSLG GG risk carriers [36].

More recent research aimed potentially therapeutically 
exploitable modulation of human peripheral blood den-
dritic cells. Retinaldehyde dehydrogenase (RALDH) 
RALDH activity is known to upregulated in CD103(+) and 
CD103(−) DCs from Crohn’s disease patients [37]. One 
approach, based on the evolving concept that retinoic acid 
an enhances the transforming growth factor TGFβ depen-
dent conversion of naive T-cells into regulatory T (Treg) 
cells, used peripheral blood monocyte derived DC (MoDC) 
with or without synthetic retinoid acid (Am80). The 
authors found that (Am80-MoDC) compared with conven-
tional MoDC showed macrophage like adherent phenotype 
and lacked the expression of the typical DC marker CD1a. 
Am80-MoDC produced less IL-12p70 and revealed less 
polarizing ability toward Th1 by allogeneic mixed lym-
phocyte reaction with naive T-cells [38]. Another group 
reported that MoDC and circulating CD1c+ myeloid DC 
conditioned with supernatants from intestinal epithelial 
cells from healthy donors promoted the differentiation of 
tolerogenic DC able to drive the development of adaptive 
Foxp3+ Treg cells [39].

Vitamin-D supplementation changed the phenotype of 
LPS stimulated MoDC with educed expression of CD80 and 
production of the cytokines IL-10, IL-1beta, and IL-6 fol-
lowing 26 weeks of oral vitamin D3 oral supplementation, 
while MoDC remained unaffected [40].

Cigarette smoking extracts also affects MoDC pheno-
types including increased MHC-II, CXCL10, and CCL3 
expression in ulcerative colitis vs. Crohn’s disease patients. 
CSE exposed MoDC also drive T-cell proliferation and 
Th1 polarization in Crohn’s as doing the opposite in ulcer-
ative colitis [41].

 Mucosal Dendritic Cells

Initially a subpopulation of gut mononuclear phagocytes 
were suspected to be dendritic cells based on their long den-
dritic cytoplasmic projections [42]. The studies employing a 
marker that identifies interdigitating cells antigen presenting 
(RFD1) hypothesized distinct phenotypic change in macro-
phages away from an interdigitating phenotype towards 
mature tissue macrophages (RFD7) in actively inflamed 
intestinal segments and pouches [43–45]. A later study 
showed that aphthoid lesions in the colonic mucosa of 
Crohn’s disease patients contained densely aggregated 
CD68+ macrophages surrounded by numerous ICAM-1, 
HLA-DR, ID-1 positive dendritic cells [27].

With the availability of a novel dendritic cell marker 
DC-specific ICAM-3 grabbing non-integrin (DC-SIGN), 
two recent histochemical studies identified additional dis-
tinct populations of DC present in Crohn’s disease 
patients: a DC-SIGN positive population that was present 

D.C. Baumgart



95

scattered throughout the mucosa, and a CD83 positive 
population that was present in aggregated lymphoid nod-
ules and as single cells in the lamina propria [46, 47]. 
Another immunohistochemical study reported M-DC8+ 
myeloid dendritic cells localized in the T cell area in the 
subepithelial dome region of Peyer’s patches the inflamed 
ileal mucosa of patients with active Crohn’s disease [48]. 
Interleukin-27, a newly described member of the IL-12 
family, is a heterodimeric cytokine composed of two sub-
units, p28 and Epstein-Barr virus- induced gene 3 (EBI3) 
and mainly produced by activated dendritic cells and 
monocytes. EBI3 expressing dendritic cells were 
described in the in the lamina propria of Crohn’s patients 
with a pattern of reactivity was similar to control mucosa 
[49]. Bone loss is a major clinical problem in Crohn’s dis-
ease. Receptor activator of NF-kB ligand (RANKL) and 
its receptor RANK are potentially associated with non- 
steroid attributable bone loss and controlled by pro- 
inflammatory cytokines. RANK, CD68, S100+ (myeloid 
dendritic) cells were increased in inflamed areas of colonic 
mucosa from Crohn’s disease patients [50]. CD14+ 
myeloid DC from Crohn’s disease patients control pro-
mote the polarization from innate lymphoid cells (ILC) 
ILC3 to CD127(+) ILC1. In contrast, CD14(−) DCs pro-
moted differentiation from CD127(+) ILC1 toward ILC3. 
These observations suggest that environmental cues 
determine the composition, function, and phenotype of 
CD127(+) ILC1 and ILC3 in the gut [51].

The accumulation of mucosal dendritic cells is not 
restricted to Crohn’s disease. Immunohistochemical stud-
ies in ulcerative colitis patients revealed an increased 
number of follicular dendritic cells and myeloid cells den-
dritic cells basal lymphocyte aggregates of colonic lamina 
propria and inflamed crypts of ulcerative colitis patients 
[21, 23, 25, 52, 53].

These early immunohistochemical data have been cor-
roborated by a number of functional flow cytometry studies 
with different marker panels focused on myeloid dendritic 
cells. Several studies reported an increased frequency of acti-
vated, i.e., CD40, CD83, and/or CD86 expressing myeloid, 
dendritic cells in the inflamed mucosa of both Crohn’s and 
ulcerative colitis [13–15, 54–56].

Knowing their mature state it’s perhaps not surprising 
that mucosal myeloid dendritic cells are also an important 
source of inflammatory cytokines such as TNF-α, IL-1b, 
IL-6, IL-8(CXCL8), IL-12, IL-17, IL-23, and IL-27 
mostly in patients with Crohn’s disease [29, 48, 49, 56–
58]. However, the production of IL-12 and more recently 
also IL-23 in Crohn’s disease has been called into ques-
tions by a study of mucosal monocyte derived dendritic 
cells in children with Crohn’s disease [59]. Colonic 
myeloid dendritic cells are also strong drivers of Th17 
differentiation of naïve T-cells in Crohn’s disease [58].

 Mesenteric Lymph Node Dendritic Cells

Dendritic cells have been linked to a hallmark feature of 
Crohn’s disease—granuloma formation [60–62]. Early 
immunohistochemical studies in granulomatous lymphade-
nitis in Crohn’s patients investigated the cellular composi-
tion of the granulomas in mesenteric lymph nodes and found 
an increased number of interdigitating reticulum cells with 
characteristics of antigen-presenting cells, that we would 
now classify as dendritic cell subsets [63].

More recent studies using more refined markers identified 
mature myeloid CD83+ dendritic cells, DC-SIGN positive 
dendritic cells and CD141+ dendritic cells in mesenteric 
lymph nodes clustered around T-cells of Crohn’s disease 
patients [46]. Another study that looked at IL-27 expressing 
myeloid dendritic cells demonstrated, that granulomas, pres-
ent in the intestinal wall or in mesenteric draining lymph 
nodes of Crohn’s disease patients stained positive with both 
anti-EBI3 and anti-p28 antibodies localized to the cytoplasm 
of epithelia and multinucleate giant cells [49].

The expression of chemokines that regulate homing of 
T-cells and promote recirculating T-cell and dendritic cell 
interactions, CCL19 and CCL21, was studied in surgically 
resected mesenteric lymph nodes from controls and patients 
with Crohn’s disease and ulcerative colitis. Mesenteric 
lymph nodes from Crohn’s disease patients displayed an 
increased expression of CCL21 and CCL19, mainly in high 
endothelial venules (HEV), mature DC and lymphatic ves-
sels. CCR7 mRNA was increased in T cell areas. This data 
indirectly supports the hypothesis of homing T-cells and 
mature myeloid dendritic cells to mesenteric lymph nodes in 
Crohn’s disease [32].

More recently CD103+ DCs described in the mesenteric 
lymph nodes draining the normal small intestine, although 
the percentage of showed considerable variation. Human 
CD103+ mesenteric lymph node DC displayed a more mature 
phenotype compared with their CD103− counterparts, as 
judged by expression of CD40 and CD83. In mixed lympho-
cyte reactions with allogeneic peripheral blood lymphocytes 
human CD103+ mesenteric lymph node DC induced signifi-
cantly higher levels of CCR9 on responding CD8+ T cells 
than their CD103− counterparts. Both, CD103+ and CD103 - 
populations induced similar expression of α4β7. No differ-
ence was seen with their counterparts isolated from 
mesenteric lymph nodes from patients with Crohn’s disease. 
The induction of CCR9+ and α4β7+ by human CD103+ mes-
enteric lymph node DC was dependent on RAR signaling as 
gut-homing receptor expression was inhibited by addition of 
LE540 to the cultures [64]. Human CD103+ DC also express 
leucine rich repeat kinase 2 (LRRK2), an IFN-γ target gene 
and its expression increased in intestinal tissues upon Crohn’s 
disease inflammation. LRRK2 expression enhances NF-kB- 
dependent transcription [65].
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When stimulated with exogenous bacterial derivative, 
mesenteric lymph node myeloid DC from Crohn’s disease 
produce a higher amounts of IL-23 and a lower amount of 
IL-10 compared with controls and induce stronger Th1 
immune responses in mixed lymphocyte reactions compared 
with those from ulcerative colitis and normal controls [57].

 Dendritic Cells in Extraintestinal Tissues 
in Inflammatory Bowel Disease

The distribution of DC in Crohn’s disease patients is not 
restricted to classical lymphatic spaces and compartments. 
Adipose tissue is reported to contain monocyte-like pre- 
adipocytes, which may mature into macrophages, contribut-
ing to local inflammation. Myeloid dendritic cells originate 
from monocytes [10]. Accumulating dendritic cells enriched 
from “creeping fat” were potent stimulators of primary pro-
liferation of allogeneic T-cells in mixed leukocyte reactions 
in one study [66]. Another study investigating corneal 
changes of patients with Crohn’s disease using confocal 
microscopy found that patients with Crohn’s disease had a 
lower corneal density of dendritic cells [67].

 Interaction of Human Dendritic Cells 
with Microbial Antigens in Ulcerative Colitis 
and Crohn’s Disease

 Interaction My Microbial Antigens

Both peripheral blood [13] and mucosal [47, 56, 68, 69] 
dendritic cells from patients with Crohn’s disease and ulcer-
ative colitis express the microbial pattern recognition recep-
tors TLR2 and/or TLR4. TLR4 expression may correlate 
with positively with disease activity and inversely with F. 
prausnitzii in Crohn’s disease [70]. Myeloid DC from 
patients with inflammatory bowel disease have been shown 
to respond with an exaggerated immune response to lipo-
polysaccharide—the principal ligand of TLR4 [13]. Single 
nucleotide polymorphisms (SNPs) in the TLR4 receptor 
have been reported to be associated with Crohn’s disease in 
some cohorts and were indeed shown to modulate dendritic 
cell response towards TLR4 agonists to the generation of 
strongly polarized Th1 responses against common commen-
sal microorganisms [71].

Myeloid dendritic cells also express the intracellular pat-
tern recognition receptor NOD2. A study comparing NOD2 
dependent genome wide expression profiles of muramyldi-
peptide (MDP) MDP—a derivative of bacterial peptidogly-
can—stimulated MoDC from Crohn’s disease NOD2 SNP 
carriers and controls showed that the transcription of patho-
gen response genes was absent [72].

There is evidence that these expression profile differences 
translate into actual functional defects. One group was able to 
link the development of Th17 through the NOD2 ligand. The 
role of NOD2 in this IL-23-IL-1-IL-17 axis could be con-
firmed in NOD2 deficient DCs from selected Crohn’s disease 
patients [73]. These data were corroborated by the work of 
several other groups that NOD2 mutant MoDC from Crohn’s 
disease patients were unable to react appropriately to MDP 
and promoted the development of Th1 cells [71, 74, 75].

NOD2 triggering by MDP normally induces autophagy in 
myeloid DC and requires receptor-interacting serine–threo-
nine kinase-2 (RIPK-2), autophagy-related protein-5 (ATG5), 
ATG7, and ATG16L1 but not NLR family, pyrin domain con-
taining-3 (NALP3) [76]. Two studies showed that that NOD2 
mediated autophagy is required for both bacterial handling 
and generation of major histocompatibility complex (MHC) 
class II antigen-specific CD4+ T-cell responses in DC and that 
DC from individuals with Crohn’s disease expressing Crohn’s 
disease associated NOD2 or ATG16L1 risk variants are defec-
tive in autophagy induction, bacterial trafficking, and antigen 
presentation [76, 77]. Moreover, the T300A variant of autoph-
agy ATG16L1 gene is associated with decreased antigen sam-
pling and processing by DC in pediatric Crohn’s disease [78].

The production of cytokines by DC is also dependent on 
the microbiota composition. In one study IL-12p40 and IL-6 
production correlated with the ratio of Bacteroides and 
Bifidobacteria, IL-10 production with Bifidobacteria, and 
IL-6 inversely with F. prausnitzii [70].

 Therapeutic Modulation of the Microbial 
Response

Based on diversity of the commensal flora in the human gut, 
the importance of microbial antigen recognition and prelimi-
nary evidence that that intestinal dendritic cell function may 
be influenced by the composition of the commensal micro-
biota encouraged pilot studies with different probiotic micro-
bial species to exploit this important aspect of the immune 
response therapeutically [79].

In one study human MoDC were cultured in vitro with 
different Lactobacilli species. Lactobacillus reuteri and 
Lactobacillus casei, but not Lactobacillus plantarum primed 
MoDC to drive the development of IL-10 producing Treg 
through binding of the C-type lectin DC-specific intercellu-
lar adhesion molecule 3-grabbing non-integrin (DC-SIGN) 
[80]. However, these findings are partial contradicted by a 
study where Lactobacillus rhamnosus treated MoDC 
decreased T cell proliferation and cytokine production of 
IL-2, IL-4, and IL-10 [81]. The bacterial serine–threonine 
peptide conditioning of colonic DC in vitro reduced TLR 
expression, increased CD40 and CD80 expression, and 
restored their stimulatory capacity [82].
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Not only bacteria have therapeutic potential with IBD 
DC. Culture of primary human myeloid CD1c+CD11c+CD123− 
myeloid DC in the presence of Saccharomyces boulardii cul-
ture supernatant (active component molecular weight 

<3 kDa, as evaluated by membrane partition chromatogra-
phy) reduced significantly the expression of CD40, CD80, 
and CCR7 (CD197) induced by the prototypical microbial 
antigen and TLR4 ligand lipopolysaccharide. Moreover, 
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Fig. 7.1 Model of the three major myeloid dendritic cell populations 
and their hypothesized (dys)function in human inflammatory bowel dis-
ease (The majority of pathways were identified for Crohn’s disease and 
to a lesser degree for ulcerative colitis. See text and references for 
details. For clarity no distinction between Crohn’s disease and ulcerative 
colitis was made and to bring out cellular details this cartoon is not to 
scale.). (1) Peripheral blood myeloid dendritic cells: In IBD patients 
these cells display an activated phenotype and have been demonstrated 
to express HLA-DR, CCR6, CCR7(CD197), CCR8, CD80, CD83, 
CD86, CD40, ICAM-1 (CD49d), TLR2, and TLR4. In acute flares cir-
culating dendritic cells evade the peripheral blood pool and probably 
migrate to the mucosal sites of the inflammation. Their secretion of che-
mokines like CXCL8 (IL-8) attracts innate immune cells such as granu-
locytes expressing its cognate receptor CXCR8 and homing CCR9+ 
α4β7+ T-lymphocytes that transmigrate into the tissue mediate, amplify 
and perpetuate the inflammation. (2) Mucosal myeloid dendritic cells: In 
IBD they show an activated phenotype as well. These cells inspect 
molecular microbial associated patterns (MAMP) of the intestinal 
microbiota with their own TLR2 and TLR4 receptors directly through 
their epithelial layer penetrating dendrites or are fed microbial antigens 
via M-cells in Peyer’s patches that transport them into the lamina pro-
pria. Moreover, antigens are recognized by intracellular NOD. In the 
small intestine this happens in the subepithelial dome area of Peyer’s 
patches or isolated lymph follicles in other parts of the small and large 
intestine. DC-SIGN and CD83 expressing myeloid dendritic cells have 
been described in isolated lymph follicles as well. Misinterpretation of 
MAMPs perhaps due to single nucleotide polymorphisms of TLR4 and 

NOD2 reported in IBD and absent tolerogenic effects of TGFβ and reti-
noid acid on mucosal dendritic cells normally secreted intestinal epithe-
lia triggers immunity against the normally tolerated flora. The distinct 
pro-inflammatory cytokine profile (TNFα, IL-6, IL-17, IL-23, and 
IL-27) of myeloid mucosal dendritic cells in IBD promotes the develop-
ment of inflammatory Th1 and Th17 T-lymphocytes and attracts other 
leukocytes to transmigrate through the endothelial layer into the lamina 
propria. (3) Mesenteric lymph node myeloid dendritic cells: Stromal 
cells and high endothelial venules (HEV) secrete the chemokine CCL21 
and attract circulating dendritic cells that recognize it through their 
expression of its native receptor CCR7. Mucosal dendritic cells migrate 
along the chemokine gradient via efferent lymphatic vessels from the 
lamina propria into the afferent lymphatic of the mesenteric lymph node 
(MLN). In the paracortex mesenteric myeloid lymph node dendritic cell 
function depends on their expression of CD103. Once arrived in the 
T-cell zone CD103+ dendritic cells secrete CCL19 that increases via 
feedback loop the expression of CCR7–—the CCL19 receptor on den-
dritic cells—and also attract CCR9+ α4β7+ T-lymphocytes to arrive 
through high endothelial venules from the blood. These T-cells start to 
proliferate once they recognize their cognate antigens presented by the 
mesenteric lymph node dendritic cells and leave the lymph node acti-
vated through the efferent lymphatic further aggravating inflammation. 
The expression of CCL19 and CCL21 suggests that B-cells are also 
attracted to mesenteric lymph nodes which may induce follicular den-
dritic cells that secrete CXCL13 (BCA-1 or BLC) that drives more 
B-cell migration. While the chemokine expression has been described in 
IBD, the interaction is speculative
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secretion of TNFα and IL-6 were notably reduced, while the 
secretion of IL-10 increased. Finally, Sb supernatant inhib-
ited the proliferation of naive T cells in a mixed lymphocyte 
reaction with myeloid DC [24].

A different approach was taken by another group of inves-
tigators based on the fact that some Bifidobacteria species are 
immunoregulatory, induce increased dendritic cell interleu-
kin IL-10 release in vitro and that administration of fructooli-
gosaccharides increases fecal and mucosal bifidobacteria. 
The found the percentage of IL-10 and TLR2 and TLR4 posi-
tive dendritic cells in fructooligosaccharide treated Crohn’s 
disease patients [68]. Unfortunately, these data could not be 
validated in a randomized trial [83] (see Fig. 7.1).
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 Introduction

The adaptive immune system plays a central role in the patho-
genesis of inflammatory bowel disease (IBD). In a healthy 
state, both CD8+ and CD4+ subsets of T cells are present in 
the intestines in small numbers; the former are found mostly 
in the epithelial layer while the latter are located deeper in the 
lamina propria. In an inflammatory state, however, the num-
ber of CD4+ T cells is often vastly magnified. Early research 
efforts were largely centered on T lymphocytes given evi-
dence that CD4+ T cells from colitic animals and human IBD 
patients expressed activation markers and produced pro-
inflammatory cytokines [1–5] and adoptive transfer of CD4+ 
T cells from several animal models of colitis into immunode-
ficient mice could transfer disease [6–8]. While still contro-
versial, it seems likely in most IBD patients that altered T 
cells are not the critical initiating signal driving inflammation, 
but rather are an essential mediator and propagator of disease 
resulting from aberrant innate immune function [1].

T lymphocytes are broadly classified as regulatory or 
effector T cells. The latter is crucial in the protective immune 
response against infections. In contrast, the function of regu-
latory T cells is to maintain mucosal homeostasis by limiting 
the immune response to pathogens and by disarming any 
self-reactive effector T cells that escape negative selection in 
the thymus. Both T cell subsets are present in the gut- 
associated lymphoid tissue. Thus, inflammation can result 
from an imbalance of the number and/or function of these 

two T cell arms of the homeostatic T cell equation. Most 
studies on the role of T lymphocytes in IBD pathogenesis 
have centered on the CD4+ T cell subset, which is the main 
focus of this chapter; however, other T cell subsets are briefly 
covered at the end of the chapter.

 Effector T Cells

In the human gut, immune homeostasis requires exquisitely 
regulated responses to rare pathogens among a preponder-
ance of seemingly harmless commensal microorganisms. 
Effector T cells are critical for protecting against intestinal 
pathogens and are broadly classified into Th1, Th2, or Th17 
cells based on their cytokine secretion profile. Interferon-(γ)
gamma and TNF-(α)alpha are the predominant cytokines 
produced by Th1 cells whereas Th2 cells produce interleukin 
(IL)-4, IL-5, and/or IL-13. Th17 cells secrete IL-17, a pheno-
type that is perpetuated by IL-23. In a physiologic state, Th1 
and Th2 cytokines are necessary to restrain pathogens: Th2 
cytokines are secreted in response to parasitic infections, 
whereas Th1 cytokines are secreted in response to the pres-
ence of intracellular bacteria and viruses. Th17 cell produced 
IL-17, on the other hand, plays a role in protection against 
pathogenic bacteria, viruses, and fungi, namely by recruit-
ment of other immune subsets to mucosal sites [9, 10].

Inappropriately activated effector T cells can lead to 
pathology. Crohn’s disease was classically considered a 
Th1- associated disease [3, 5], but more recently, Crohn’s 
disease has been reclassified as a mixed Th1/17 disease as 
mucosal tissue from Crohn’s patients have been found to 
produce IL- 17 in addition to TNF-(α)alpha and interferon-(γ)
gamma [11]. Ulcerative colitis, on the other hand, has been 
described by some but not all studies to be a Th2-associated 
disease with elevated levels of IL-5 and IL-13 (but not the 
classic Th2 cytokine IL-4) detected in diseased mucosa [4, 
11]. More recent studies, however, have reported detection 
of IL-17 in ulcerative colitis tissues [11]. A relatively new 
subset of T-helper cells, Th9 cells, defined by their secretion 
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of interleukin-9, has been implicated in the pathogenesis of 
IBD [12–14]. Patients with active Crohn’s disease or ulcer-
ative colitis have elevated numbers of CD4+PU.1+ and 
CD4+IRF4+ T cells in the intestinal mucosa compared to con-
trol patients [12, 13]. Interestingly, only ulcerative colitis 
patients showed elevated expression of IL-9 by these cells, 
and there was an association of IL-9 expression and IL-9+ 
T cells with the severity of the disease [12, 13]. Ulcerative 
colitis patients also showed elevated expression of IL-9R in 
intestinal epithelial cells [12, 13] and it has been proposed 
that Th9 cell-derived IL9 alters tight junction protein compo-
sition in the intestinal epithelium and thereby increases 
intestinal permeability leading to disease [12, 14]. The asso-
ciation of Crohn’s disease and ulcerative colitis with particu-
lar T helper cell subsets is summarized in Fig. 8.1. Please 
refer to Chaps. 15 and 16 on Th1/2/17 cells and animal models 
of IBD, respectively, for further details.

 Regulatory T Cells

The proinflammatory capacity of effector cells is kept in bal-
ance by regulatory T cells. These cells are classically hypop-
roliferative, hyporesponsive, and potent in their suppressive 
capacity to inhibit proliferation and activation of non- 
regulatory T cell counterparts. Regulatory T cells are classi-
cally divided into at least two distinct populations (summarized 
in Fig. 8.1): naturally occurring regulatory T cells (nTregs) 
that are generated in the thymus and “induced” regulatory 
T cells (iTregs) that are generated in peripheral tissues or are 
generated in vitro in the presence of certain anti-inflammatory 

cytokines. Both populations are likely essential, with distinct 

and nonredundant functions in maintaining mucosal homeo-
stasis [14–16].

 Naturally Occurring Tregs

Easily detected in the peripheral blood and peripheral 
immune compartments, such as the spleen, lymph nodes, and 
the intestines, nTregs express Foxp3, a member of the fork- 
head family of transcription factors that is crucial for their 
development and function. Scurfy mice, that have mutant 
FOXP3, are devoid of nTregs, die soon after birth from auto-
immunity, a phenotype that can be rescued by transfer of 
regulatory T cells within a few days after birth [15]. Similarly, 
humans without functional Foxp3 develop immune dysregu-
lation, polyendocrinopathy, enteropathy, X-linked (IPEX) 
syndrome and also suffer from multiple autoimmune mani-
festations, including enteropathy [17–19]. In addition to 
IPEX, other genetic deficiencies including mutations in 
WASP, CD25, and IL-10 all lead to abnormal Treg cell num-
bers and/or function, and are associated with increased risk 
of IBD [20, 21]. In the mouse, Foxp3 is a reliable marker of 
Tregs. However, in human cells, CD4+ T cells can transiently 
express low levels of Foxp3 when activated, thus, making 
Foxp3 an ambiguous marker of nTregs [22]. Some cell sur-
face markers have been described, albeit inconsistently, to be 
expressed by nTregs, such as GITR, GARP, CD49d, ICOS, 
CD25, and CTLA-4 [23, 24]. Unfortunately, these cell sur-
face markers are not specific to nTregs and, therefore, leave 
room for better markers for identification of nTregs. Liu 
et al. proposed a strategy to identify “pure” FOXP3+ Treg 
cells, devoid of activated T cells, by inclusion of the IL-7 

Fig. 8.1 Regulatory and 
Effector T cell populations 
controlling IBD. Various 
effector T cells (Th1, Th2, 
Th17, and Th9) are depicted 
and their cytokine secretion 
patterns as well as potential 
IBD disease associations. 
Regulatory T cells (nTregs 
and iTregs) can suppress 
effector T cell function 
employing diverse 
mechanisms including 
anti-inflammatory cytokine 
secretion (e.g., IL-10, TGF-β, 
and IL-35)
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receptor alpha chain (CD127) in their flow cytometry-based 
purification protocols. More specifically, low expression of 
CD127, in conjunction with CD25 expression, provides a 
useful strategy for the identification of a highly enriched 
FOXP3+ cells in humans [15, 25, 26].

Despite the fact that they make up only 5–10 % of the 
total CD4+ cell population, nTregs are critical in maintaining 
immunologic homeostasis. In the mouse, co-transfer of 
nTregs with CD45RBhi T cells into immunodeficient mice 
not only protect against colitis but can also reverse ongoing 
colitis [27, 28]. Transfer of nTregs into susceptible animals 
can also ameliorate other autoimmune diseases, such as 
experimental autoimmune encephalopathy (a model of mul-
tiple sclerosis), or nonobese diabetic (NOD) mice (a model 
of type I diabetes), or systemic lupus erythematosus [29–31]. 
Along the same line, mice depleted of CD25+ T cells, which 
consist mainly of nTregs, develop significant autoimmune 
diseases [32]. In the in vitro setting, nTregs can potently sup-
press proliferation of cocultured naïve T cells [23, 33].

Naturally occurring Tregs function partly through secre-
tion of a multitude of anti-inflammatory cytokines, including 
IL-10, TGFβ, and IL-35 [34]. Tregs deficient in TGFβ or WT 
Tregs transferred with neutralizing antibodies to TGFβ were 
not able to suppress disease in an adoptive cell transfer model 
of colitis [35, 36]. The data regarding IL-10 are not as clear; 
Tregs deficient in IL-10 or WT Tregs transferred with neutral-
izing antibodies to IL-10R are defective in colitis protection 
in some, but not all, settings [6, 37]. Moreover, deletion of 
IL-10 from Foxp3+ Treg leads to less severe intestinal inflam-
mation compared to deletion in total CD4+ T cells, implicat-
ing CD4+ Foxp3− cells as a functional source of IL-10 that 
contributes to intestinal homeostasis [16, 38]. On the other 
hand, IL-35, which is a heterodimer of Epstein- Barr- virus-
induced gene 3 (EBI3) and IL-12α, appears crucial to the 
regulatory function of Tregs, since EBI3-deficient and IL-12α 
deficient Tregs lose their suppressive properties both in vitro 
and in vivo in a model of colitis [34, 39]. In addition to cyto-
kine-mediated regulation, Tregs can also modulate antigen 
presenting cell and effector T cell function by alteration of 
cellular metabolism by surface expression of enzymes CD39 
and CD73 that convert proinflammatory extracellular ATP 
into the immunosuppressive nucleoside adenosine [40, 41]. 
Whether or not all these regulatory mechanism are necessary 
for mucosal homeostasis in a normal mouse is not clear, but 
collectively they play important roles in the suppressive func-
tion of Tregs in different settings [16, 42].

 Inducible Tregs

In addition to nTregs that are generated in the thymus, regu-
latory T cells can be “induced” in vivo outside of the thymus 
in peripheral lymphoid tissue under tolerogenic conditions. 

The majority of peripheral Foxp3+ cells in the spleen and 
lymph nodes are thymically established nTreg cells. In con-
trast, the inducible Tregs (iTregs) make up a large fraction of 
T cells in the lamina propria (LP) and gut-associated lym-
phoid tissue (GALT) of the intestine [15, 16, 43]. Observed 
by transferring Foxp3− cells from reporter animals into lym-
phopenic mice and identified by the induced expression of 
FoxP3, these iTregs were demonstrated to be as suppressive 
as nTregs in an in vitro suppression assay [44]. In addition, 
antigen administration at low dose can lead to oral tolerance, 
a condition of systemic and/or local immunological toler-
ance, through the generation of iTregs that secrete both 
TGF-β and IL-10 [45].

Similarly, iTregs can also be induced ex vivo in the cell 
culture system when naïve T cells are stimulated through 
the TCR in the presence of different anti-inflammatory 
cytokines. For example, Th3 cells can be generated in vivo 
by exposure to oral antigen at low dose or in vitro by stimu-
lating naïve T cells in the presence of TGF-β, along with 
other cytokines. Tr1 cells result when naïve T cells are 
stimulated in the presence of IL-10 either in vitro or in vivo. 
Th3 cells secrete abundant amounts of TGF-β and have 
been described to express Foxp3. Th3 cells can protect 
against colitis alone but also synergize with nTregs in an 
adoptive cell transfer model of colitis [46]. Tr1 cells, which 
secrete large amounts of IL-10 and some TGF-β but do not 
express Foxp3, also have been shown to prevent a similar 
model of colitis by adoptive cell transfer [47, 48]. Although 
Tr1 cells certainly can be generated in vitro from both 
human and murine naïve T cells [47], they can also be 
found in the GALT of normal mice [49] and have been 
detected in humans in the setting of transplantation, auto-
immune diseases, and exposure to allergens (reviewed in 
ref. [50]). Recently Gagliani and colleagues identified the 
surface markers CD49b and lymphocyte activation gene 3 
(LAG-3) as being co-expressed on mouse and human Tr1 
cells [51]. The use of these markers makes it possible to 
track and purify Tr1 cells to explore there immune regula-
tory potential in cell based therapy.

Another Treg population, iTr35 cells, was identified that 
are generated in the setting of IL-35 stimulation [52]. Culture 
of either mouse or human CD4+ T cells with IL-35 leads to 
iTR35 cells, which are potent secretors of IL-35. These cells 
are highly effective suppressors of T cell proliferation 
in vitro and autoimmune diseases in vivo [52], as shown in 
both experimental models of multiple sclerosis and colitis 
[52]. Unlike other regulatory T cells, iTR35 cells appear 
stable and retain suppressive properties in vivo after transfer 
into recipient mice [52].

A new population of iTreg co-expressing FoxP3 and Rorγ 
was recently described by several groups in both mice and 
human [53, 54]. They comprise 40–60 % of colonic Tregs in 
inbreed mouse strains raised in specific pathogen free 
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conditions; the frequency are much lower in germ-free 
settings. Microbial colonization of intestinal mucosa induces 
generation of these CD4+Helios−FoxP3+Rorγ+ Tregs. They 
also found that these cells protect from colonic inflammation 
in TNBS-induced colitis model [53].

 Plasticity of T Cells

T cell differentiation was once considered linear and irre-
versible, but recent findings indicate that this process is flex-
ible and committed cells can acquire features of different 
effector cells upon adequate stimuli [55]. Tregs co- expressing 
Foxp3 and IL-17 have been described at mucosal sites and 
Tregs can be induced to express IFN-γ potentially leading to 
tissue damage by certain microbial infections (reviewed in 
refs. [56, 57]). In fact, cells that were previously Tregs have 
been demonstrated to lose their Foxp3 expression, gain a 
memory T cell phenotype, produce inflammatory cytokines, 
and lead to diabetes in an adaptive cell transfer model [58]. 
Moreover, IL17 producing Treg cells were also identified in 
inflamed intestinal mucosa of patients with Crohn’s disease 
[59]. Similarly, trans-differentiation of Th17 cells into a reg-
ulatory Tr1 cells can occur during an immune response. 
Conversion of Th17 cells into Tr1 cells are promoted by 
activation of Ahr signaling in presence of TGF-β1 and con-
tribute to the resolution of inflammation [60]. Previously it 
has been shown by the same group that anti-CD3 treatment 
leads to the generation of regulatory Th17 (rTh17) cell in the 
small intestine. rTh17 cells express high level of anti-inflam-
matory cytokine IL10 and suppressive capacity of these cells 
was dependent of the expression of IL10, TGF-β, and 
CTLA-4 [61]. Collectively, it can be concluded that both 
Treg and Th17 lymphocytes possess an intrinsic functional 
plasticity, which must be considered in attempts to target 
these cells therapeutically.

 Less Conventional T Cell Subsets

In addition to CD4+ T cells, other T lymphocyte subsets have 
potential effector or regulatory properties. In the lamina pro-
pria, CD8+ cells possess regulatory function and have been 
noted to be decreased in IBD tissues compared to controls 
[62, 63]. Likewise, in the intraepithelial compartment, 
TCRαα+ CD8+ T cells have been shown to be protective in 
animal models of colitis using adoptive cell transfer [64, 65] 
whereas TCRγδ+ cells appear to limit the extent of injury and 
promote tissue healing in a chemically induced model of 
colitis [66]. However, others have demonstrated a potential 
pathogenic role of TCRγδ+ cells given absence of these cells 
in a transgenic colitis model leads to attenuated disease [67]. 
These findings may have implications for the pathogenesis 

of ulcerative colitis given higher frequency of these TCRγδ+ 
cells has been noted in colonic tissue from UC patients [67]. 
Another less common subset of T cell is NK-T cells, which 
express surface markers and possess certain functional prop-
erties typical of both NK cells and T cells. In addition to 
expressing components of the T cell receptor complex, CD3, 
they express semi-invariant CD1d-restricted αβ TCRs recog-
nizing glycolipid antigens. Some regard these cells as poten-
tially pathogenic in inflammatory bowel disease. In fact, 
Fuss et al. demonstrated circumstantial evidence for NK-T 
cells being the source of high IL-13 levels noted in samples 
from patients with active UC, suggestive of a pathogenic role 
of these cells [4]. Likewise, in the oxazolone-induced murine 
model of ulcerative colitis, depletion of NK-T cells led to 
protection against disease [68]. However, in a chemically 
induced model of colitis (with dextran sodium sulfate), 
NK-T cells have been demonstrated to possess a regulatory 
function [69]. A recent murine study showed that microbial 
exposure during early life leads to the generation of mucosal 
invariant (i)-NKT cell tolerance. In absence of such tolero-
genic commensal exposure in germ-free mice leads to 
CXCL16-mediated iNKT cell driven intestinal inflammation 
in oxazolone-induced colitis model [70]. Although these less 
conventional T cell subsets typically have reduced frequencies 
when compared with the more conventional CD4+ T cells, 
their pathogenic/regulatory properties may contribute, at 
least in part, to overall mucosal homeostasis [70].

 The Role of T Cells in Colitis

T cells have been long recognized to be central to the muco-
sal inflammatory process and thought early on to even be the 
instigator of disease given the marked expansion of activated 
CD4+ T cells in the lamina propria of both inflamed mouse 
and human intestinal tissues [1, 2, 10]. CD4+ T cells from 
intestinal samples isolated from Crohn’s disease and ulcer-
ative colitis patients were found to be resistant to apoptosis  
[71], which may be one mechanism for such seemingly inad-
equately controlled expansion of T cells. The ability to trans-
fer colitis by adoptively transferring CD4+ T cells from a 
colitic mouse to an immunodeficient host in many animal 
models also implicated the colitogenic potential of CD4+ T 
cells [6–8]. Even transfer of CD4+ T cells depleted of CD25+ 
regulatory T cells from normal animals could lead to disease 
in a lymphocyte-deficient host [27], demonstrating the 
pro- inflammatory nature of effector T cells and its usual tight 
regulation by regulatory T cells during homeostasis.

Similar to that seen in a variety of murine models of IBD, 
CD4+ T cells isolated from patients with Crohn’s disease or 
ulcerative colitis express large quantities of pro- inflammatory 
cytokines [3, 5, 11, 72]. Interferon-(γ)gamma, tumor necro-
sis factor-(α)alpha and IL-2 have been demonstrated repeat-
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edly to be elevated in Crohn’s disease mucosa, whereas IL-5 
and IL-13 have been associated with ulcerative colitis. Early 
studies demonstrating an abundance of Th1 type cytokines in 
Crohn’s disease suggested IFN-γ+ Th1 cells to be a major 
mediator of disease, while ulcerative colitis was suggested in 
some studies to be mediated primarily by excessive Th2 
responses. Interestingly, despite an elevated level of IL-5 and 
IL-13 associated with ulcerative colitis, there is evidence of 
surprisingly reduced expression of IL4+ Th2 cells [3, 4, 10]. 
More recent reports demonstrating increased population of 
IL-5 and IL-13 expressing atypical natural killer T (NKT) cells 
in ulcerative colitis provided one explanation for this apparent 
anomaly [4, 10]. More recent studies have shown that tissues 
from both Crohn’s disease and ulcerative colitis patients have a 
massive infiltration of Th17 cells and Th17- related cytokines 
[10, 73, 74]. Apart from activating cellular targets like epithe-
lium, endothelium, monocytes/macrophages, and neutrophils, 
IL-17 is known to induce proinflammatory cytokines (TNF-α, 
IL-1B, GM-CSF, G-CSF, IL-6), chemokines (CXCL8, CXCL9, 
CXCL10), and metalloproteases [74–76]. Interestingly, several 
signature cytokines involved in Th17 differentiation and expan-
sion, including IL-23R, IL-12B, JAK2, STAT3, CCR6, and 
TNFSF15, have been identified as susceptibility genes of 
Crohn’s disease and ulcerative colitis in genome-wide associa-
tion studies [77–79].

On the basis of the observations that IFNγ, IL-17, IL-3 
may play a key role in the pathogenesis of Crohn’s disease 
and ulcerative colitis, both in mouse models and in humans, 
these cytokines have been considered as potential targets for 
the treatment of IBD. However the outcome in several stud-
ies has not been met with much success. Several groups have 
studied the effect of humanized antibody against IFN-γ, fon-
tolizumab, in patients with Crohn’s disease; however, the 
efficacy of anti-IFN-γ treatment remains unclear [80–82]. 
Blockade of IL-17 pathway was also not effective in Crohn’s 
disease: secukinumab, a fully humanized anti-IL-17A mono-
clonal antibody, failed to control symptoms and was associ-
ated with severe adverse effects [83]. Finally, two anti-IL-13 
monoclonal antibodies, tralokinumab [84] and 
anrunkinzumab [85], recently failed in phase II clinical trials 
in ulcerative colitis patients [86]. The failure of these agents, 
which target adaptive immune responses, has led to some 
rethinking of the central role of these cytokines in the patho-
genesis of both Crohn’s disease and ulcerative colitis.

Recent data has suggested that the initial aberrant signal 
may derive from defects in the innate immune system (such 
as an epithelial cell, macrophages, dendritic cells, NK cells, 
etc.). Polymorphisms in genes (e.g., NOD2, ATG16L1, and 
IRGM) that code for proteins important in recognizing and 
handling intracellular microbes, processes that occur in 
innate immune cells, have been recognized to be associated with 
Crohn’s disease risk in genome-wide association studies [87]. 
Data from animal studies have also implicated professional 

antigen presenting cells or epithelial cells in playing a more 
direct role in colitis induction [37, 88, 89]. Nonetheless, 
T cells are still thought to be an important mediator of dis-
ease, contributing to either the initiation or perpetuation of 
disease [1]. In this latter context, once activated by soluble 
factors and/or by cell–cell contact, T cells are able to expand 
and secrete chemokines and cytokines that recruit and acti-
vate, respectively, other immune cell subsets to perpetuate an 
inflammatory signal.

In order to damage the gut, effector T cells need to adhere 
and migrate into intestinal mucosa, a process which depends 
on the recognition between adhesion receptors (CCR9 and 
α4β7) expressed on the T cell surface and their ligands 
(MAdCAM-1) on the gut vascular endothelial surface [90]. 
CCR9 and α4β7 are the two most well characterized gut- 
homing receptors on T cells, and blocking the interaction 
between these receptors and their ligands on endothelial cells 
prevents T cells from entering the gut. This serves as the 
basis for the development of biologic therapies for Crohn’s 
disease such as natalizumab, which is a monoclonal antibody 
against the integrin α4, and vedolizumab, a monoclonal anti-
body against α4β7. Both agents interfere with T cell homing 
to the gut and consequently decrease inflammatory activities 
leading to clinical efficacy in both Crohn’s disease and ulcer-
ative colitis [91–94]. Additional anti-adhesion molecule 
strategies including the anti-β7 antibody etrolizumab [95] 
and anti-MAdCAM-1 antibody targeting the α4β7 ligand 
[96] are currently being tested in IBD [97]. Moreover, a 
CCR9 chemokine receptor small-molecule antagonist target-
ing the CCR9-CCL25 interaction has recently failed in a 
large [96–98]. Other agents blocking such signals crucial to 
T cell gut homing are also under development.

One may also hypothesize that T cell suppression is dimin-
ished in IBD either from a qualitative or quantitative defect in 
Treg function. However, a defect in Treg numbers appears not 
to be a principal cause of IBD, since their proportions are noted 
to be increased in inflamed IBD tissue when compared to non-
inflamed samples from IBD patients or samples from healthy 
control patients [99]. In fact, during periods of active disease, 
fewer Tregs are seen in the peripheral blood and more are 
found in the mucosa, suggesting an increase (through homing) 
or retention of Treg to sites of inflammation. Moreover, periph-
eral blood, mesenteric lymph node, and mucosal Tregs when 
removed from IBD patients retain in vitro suppressive function 
[99–101]. Thus, Tregs from IBD patients have the capacity for 
functional activity. However, the increase in Treg proportions 
in inflamed mucosa from IBD patients appear to be quantita-
tively less than that seen in non-IBD inflammatory control 
samples (those with diverticulitis), suggesting the increase in 
Treg numbers seen in IBD is not as robust as seen in other 
inflammatory disorders. Nonetheless, despite the presence of 
regulatory T cells in IBD associated mucosa these cells are not 
sufficient in situ to control inflammation.
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 Regulatory T Cells as Potential Therapy 
for IBD

Given the potent suppressive properties of regulatory T cells, 
one potential therapeutic option for IBD is quantitative 
enhancement of Treg numbers and/or functional capacity 
[21]. One theoretical approach is to isolate Tregs from a 
patient’s peripheral blood, followed by augmentation of cell 
function/numbers in vitro, and subsequent infusion of these 
cells into the patient. However, this idea has been hindered 
by difficulty in Treg expansion given their tendency for 
hypoproliferation, poorly defined surface markers, and 
uncertain stability and longevity in vivo. One potential way 
of overcoming these difficulties is to generate and expand 
inducible Tregs in vitro from naïve T cells, such as iTr35 
cells, Tr1 cells, or regulatory CD8+ cells [47, 52, 63]. Even 
then, it is difficult to purify some of these populations due to 
the lack of specific cell surface markers. In addition, this 
technique will still require peripheral blood cell isolation; 
immediate processing or cryopreservation; in vitro culture 
and stimulation; vigorous testing for function, purity, and 
viability; and reinfusion of newly induced Tregs, posing 
technical challenges to avoid infection and maintain quality 
control. Recently Canavan and colleague have shown that 
Tregs can be expanded from the blood of patients with 
Crohn’s disease. They demonstrated that the expanded cells 
were epigenetically stable and home to human small bowel 
in a C.B-17 severe combined immune deficiency (SCID) 
xenotransplant model [102]. In a phase 1/2a study 40 % of 
the patients showed a clinical response after a single injec-
tion of ovalbumin-specific Treg cells in 20 Crohn’s disease 
patients [97, 103]. In this study autologous Treg cells were 
expanded in vitro, cloned by limiting dilution, and selected 
for IL-10 production in response to ovalbumin before trans-
fer [15, 103]. An alternative option is to pharmacologically 
expand the already existing pool of Tregs or induction of an 
iTreg population. The latter could be done with an agent such 
as oral anti-CD3 antibody, which has been shown to expand 
a particular type of Tregs and has been shown to suppress 
EAE, SLE, and diabetes in mice [104, 105]. In another study 
Koreth et al. showed that daily administration of low-dose 
interleukin-2 in patients with active chronic GVHD that was 
refractory to glucocorticoid therapy was associated with 
preferential sustained Treg cell expansion in vivo and ame-
lioration of the manifestations of chronic GVHD in a sub-
stantial proportion of patients [106]. Phase 1 studies 
investigating the role of oral OKT3 (anti-CD3) and low-dose 
IL2 have been initiated for ulcerative colitis (ClinicalTrials.
gov: NCT02200445; ClinicalTrials.gov: NCT01287195). 
Taken together therapies targeting the immunomodulatory 
potential of Treg cells seem to be a promising approach for 
treatments of IBD.

 Summary

T cells have been clearly implicated as a mediator and propa-
gator of disease in many animal models of IBD. In patient 
samples, T cells secrete an abundance of pro-inflammatory 
cytokines suggesting a central role of T cells in the pathogen-
esis of disease. Despite the large body of knowledge regard-
ing the role of T cells in mucosal homeostasis, much still 
remains to be understood with regard to how these T cell 
subsets interact with each other and with other immune cell 
subsets to lead to IBD and how these interactions can be 
repaired to restore intestinal homeostasis.
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Immunobiology of B Cells 
in Inflammatory Bowel Disease

Atsushi Mizoguchi and Atul K. Bhan

As B cells predominate at inflamed mucosal sites and possess 
multiple functions including the ability to recognize microbial 
TLR ligands, they are likely to play a role in the pathogenesis 
of inflammatory bowel disease (IBD) [1–3]. In this chapter, 
the impact of B cells on IBD pathogenesis is discussed in 
relation to the recently accumulating knowledge of B cell 
functions: antibody production, antigen presentation and 
interaction with T cells, and cytokine production (Fig. 9.1). 
Since most of the information regarding the immunopatho-
genesis of IBD in the last two decades has been obtained by 
the use of experimental models, the emphasis is on IBD 
models [4–6] rather than on human studies.

 Antibody Production

B cells in the intestine are primarily located in the lymphoid 
follicles and as plasma cells in the lamina propria [7]. The 
activation of mucosal B cells occurs in the lymphoid follicles 
and mesenteric lymph nodes (MLN) with subsequent migra-
tion and differentiation to predominantly IgA secreting 
plasma cells in the lamina propria. The circulating B cells 
with activated phenotype (TLR2+) that are capable of migrat-
ing to mucosal sites may either represent activated mucosal 
B cells or B cells activated in circulation, perhaps by translo-
cated enteric bacteria/bacterial antigens [8]. The histological 
evidence of prominent lymphoid follicles and lymphoplas-
macytic infiltrate in the inflamed intestine suggests involve-
ment of B cells in IBD, in particular ulcerative colitis (UC). 
Recent studies suggest that plasma may play a pathogenic 

role in addition to their known function of producing anti-
bodies. Plasma cells characterized by CD19+ CD20−CD27low 
CXCR4high unique immature phenotype are increased in the 
inflamed mucosa of UC patients, and they are capable of 
activating pathogenic CD14+ macrophages via IgG-IC-FcγR 
signaling [9]. Furthermore, CD27+ CD38high CD20− IgA+ 
plasma cells, which expand in the inflamed mucosa of both 
UC and CD patients, could provide cytotoxicity to epithelial 
cells by producing granzyme B in response to IL-21 [10]. 
IgM+ CD19+ CD138+ plasma cells are capable of producing 
IL-10 [11].

The frequent presence of several types of circulating anti-
bodies reactive with both microbial antigens and self- antigens 
in IBD supports the notion that dysregulated immune response 
to normal enteric microorganisms represents the primary 
pathogenic event in IBD. The antibodies include anti-Saccha-
romyces cerevisiae antibodies (ASCA), anti-neutrophilic 
cytoplasmic antibodies (ANCA), and antibodies to outer 
membrane porin (OMP), Pseudomonas fluorescence- related 
sequence I2, and Cbir (see below), and anti-carbohydrate 
antibodies (ALCA, ACCA, AMCA) [12, 13]. However, most 
of the studies performed with circulating antibodies have 
focused on their diagnostic or prognostic utility rather than 
their role in IBD pathogenesis [12–15]. ASCA are detected 
frequently in CD, whereas seropositivity for ANCA predomi-
nates in UC.

The normal IgA dominant immune response at the muco-
sal sites is skewed towards IgG in chronically inflamed 
mucosa of IBD [16]. The isolated cells from the inflamed 
mucosa have been shown to secrete antibodies to bacteria to 
Escherichia coli strains [16, 17] as well as antibodies against 
colonic epithelial antigens [18]. Antibodies to Escherichia 
coli are more often detected in CD, whereas anti-colonic epi-
thelial antibodies are particularly seen in UC. The colonic 
epithelial antigens that are reactive with antibodies include 
tropomyosin (40 kDa) isoforms (TM1 and TM5) and 
200 kDa colon epithelial protein [19]. Studies performed in 
Per Brandtzaeg’s laboratory have provided evidence for a 
pathogenic role of antibodies in UC by showing complement 
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activation in relation to IgG1 deposited at the apical aspect of 
the colonic epithelium [16, 20]. It is not clear whether above 
findings represent primary pathogenic events or a secondary 
phenomenon due to local immune response in the setting of 
chronic inflammation and tissue injury. In any case, the 
locally produced antibodies help maintain epithelial barrier, 
and may play a role in regulating enteric flora repertoire and 
excluding invading microorganisms. Decreased J-chain pro-
duction with resultant reduced secretion of dimeric IgA has 
been reported in IBD [16, 21]. However, IgG antibodies, 
because of their phagocytotic enhancing properties, are 
likely to be more efficient than IgA in removing invading 
microorganisms and antigens, and could compensate for 
abnormality of the IgA response in IBD [16]. They could be 
also involved in the pathogenesis of IBD (see discussion of 
IgG Fcγ receptors below) [22].

Circulating autoantibodies and antimicrobial antibodies 
have also been reported in experimental models of IBD [5, 
23–25]. The IL-4-mediated spontaneous colitis in T-cell 
receptor α knockout (TCRαKO) mice resembles ulcerative 
colitis, and is associated with expansion of MLN B cells, 
increased production of antibodies (ANCA, anti-nuclear, 
and anti-tropomyosin), and alteration of polyclonal to an 
oligoclonal immune response to cecal bacterial antigens 
[23, 24]. This raised the possibility that B cells or antibodies 
may be pathogenic in this model. However, B cell-deficient 
mice TCRαKO mice developed more severe colitis (see below) 
[26]. Transfer of autoantibodies or purified immunoglobulin 

from TCRαKO mice to B- cell-deficient TCRαKO led to 
attenuation of colitis and decrease in the apoptotic cells, sup-
porting the notion that autoantibodies may have a role in 
clearance of self-antigens released from apoptotic cells [26]. 
In addition, B-1 B cells, which represent a major source of 
natural IgM antibodies that provide first line of defense 
against microorganisms, are fully activated in conventional 
facility as compared to specific pathogen-free facility, result-
ing in the inhibition of colitis in TCRαKO mice [27]. These 
results support a role of B cells in the “hygiene hypothesis”, 
which is based on the observation that repeated childhood 
infections lead to decreased incidence of allergic diseases in 
adulthood [27].

The spontaneous colitis in C3H/HeJBir mice is associated 
with both B and T cells responses to selective enteric bacterial 
antigens; the colitis can be transferred with T cells. Unlike 
TCRαKO mice, the oligoclonal response to enteric bacteria is 
detected even in young C3H/HeJBir mice [25]. Serologic 
expression cloning of cecal bacterial antigens in C3H/HeJBir 
mice led to the identification of previously unknown micro-
bial flagellins [28]. The flagellin, CBir1, was found to be the 
dominant antigen capable of inducing T-cell- mediated colitis. 
Interestingly, sera from about 50 % of patients with Crohn’s 
disease are reactive with CBir1; the CBir1 sera reactivity 
identified a subset of patients with complicated CD [29].

It is well established that humoral immunity can be regu-
lated by Fc fragments of IgG [22]. Although most receptors 
of IgG, FcγRs are activating receptors due to the presence of 
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Fig. 9.1 Functional diversity of B cells in IBD: Immunoglobulins (Igs) 
produced by B cells may have both deleterious and protective roles in 
IBD. Binding of autoantibodies to colonic tissues or IgG Fc fragment- 
mediated ITAM-dependent activation of immune responses could result 
in tissue damage. Antibodies could provide protection by altering the 
diversity of enteric microorganisms that are required for the develop-
ment of IBD and by helping the clearance of apoptotic bodies that may 
serve as a source of self-antigens for eliciting autoimmune responses. 
Furthermore, IgG may suppress immune response through the ITIM by 

binding to inhibitory FcγRIIb receptors expressed on immune cells. 
B-cell subsets could modulate inflammatory responses depending on 
their distinct cytokine production profiles. IL-10-producing B cells 
(“Breg”) inhibit chronic colitis progression. B-cell subsets producing 
IL-12p70 or IFN-γ may have a pathogenic effect in CD, but a beneficial 
role in UC. B cells may also regulate immune responses by serving as a 
second line of APCs, by enhancing expansion of CD4+ Foxp3+ Tregs, 
and by inhibiting proliferation of effector CD4+ T cells in a contact- 
dependent manner
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the immunoreceptor tyrosine-based activation motif (ITAM), 
FcγRIIB is the only FcγR that has been shown to have inhibi-
tory functions through immunoreceptor tyrosine-based 
inhibitory motif (ITIM), which includes suppression of B 
cells, macrophages, dendritic cells, mast cells and basophils 
[22]. FcγRIIB is involved in the pathogenesis of autoimmune 
disease, in particular lupus erythematosus. Recent studies 
indicate that intravenous immunoglobulin (IVIG) in autoim-
mune diseases and infliximab [anti-TNFα antibodies] in 
rheumatoid arthritis may partly act through FcγRIIB [30, 31]. 
Since FcγRIIB also effects antimicrobial immune responses 
[22], it is likely that this receptor may play an important role 
in the pathogenesis of IBD. FcγRIIB KO mice exhibit less 
distal colon inflammation during Citrobacter rodentium 
infection, probably due to increased phagocytic function of 
macrophages as compared to wild type mice [32]. 
Granulomatous inflammation developing in B cell and IL-4 
deficient TCRα triple knockout mice can be suppressed by 
the administration of Fc fragments of IgG [33]. The impor-
tance on Fc-mediated pathway in IBD is highlighted by 
recent genome-wide association studies identifying FcγRIIA 
an UC-associated gene [34].

 Antigen Presentation and Interaction  
with T Cells

It has become increasingly clear that B cells have functional 
capabilities that are not directly related to secreted immuno-
globulins. B cells have been shown to serve as a “second 
line” of antigen presenting cells (secondary APCs) by condi-
tioning the activity of effector memory T cells that have 
already been primed by professional antigen presenting cells 
such as dendritic cells [35, 36]. Indeed, B cells can suppress 
proliferation of effector CD4+ T cells in a contact dependent 
manner through the interaction of CD40 on B cells and gp39 
on effector T cells [37, 38]; this interaction contributes to the 
suppression of colitis in TCRαKO mice [37]. This observa-
tion is supported by a study showing that forced ectopic 
overexpression of gp39 on B cells, leading to the impairment 
of interaction of CD40 (B cells) and gp39 (T cells), induces 
the development of colitis [39]. In Gαi2 knockout mice, B cells 
facilitate expansion of CD4+CD8α+ intraepithelial T cells 
and CD3+ CD4− NKT cells with consequent suppression of 
colitis [40]. MHC class I-mediated antigen presentation is 
required for this B-cell-mediated induction of regulatory 
CD8+ T cell subset capable of controlling colitis through the 
production of perforin [41].

Since autophagy is a cellular degradation system, which 
is used not only for the elimination of intracellular bacteria 
but is also involved in adaptive immune responses as well as 
MHC-dependent antigen presentation [42], it is likely that 
autophagy plays an important role in secondary APC function 

of B cells. Autophagy is also required for B cell development 
[43], and for B cells to induce tolerance of CD4+ T cells [44]. 
Genome-wide association studies have identified autophagy-
related gene (Atg) 16L1 as a CD susceptibility gene [1] and 
a deletion polymorphism upstream of IRGM, a gene essen-
tial for autophagy, is also associated with the development of 
CD [45].

A number of studies suggest that regulatory B cells func-
tion through interaction with regulatory CD4+ Foxp3+ (Treg) 
cells that are known to suppress a wide range of murine and 
human inflammatory responses [46]. B cells may enhance the 
expansion of Tregs either in a contact-dependent manner or a 
contact-independent manner through the production of IL-10 
[38, 47, 48] or maximize their regulatory activity. Spontaneous 
colitis in mice expressing T-cell-specific dominant negative 
TGFβ receptor II is exacerbated when they are crossed with 
B-cell-deficient mice, and the B-cell deficiency is associated 
with a significant reduction of Tregs [49]. In addition, an 
acute colitis induced by dextran sulfate sodium (DSS) was 
exacerbated in the absence of B cells, and adoptive transfer of 
B cells improved it in an IL-10-independent manner [50]. 
These regulatory interactions of regulatory B-cells and Tregs 
support the findings of recent genetic studies in IBD patients, 
which highlight the significance of immune regulatory network 
to prevent the development of IBD [1].

 Cytokine Production

The recent recognition of B cells as cytokine-producing cells 
represents a major advancement in understanding the func-
tion of B cells in inflammatory disorders. Both human and 
murine B cells can produce a spectrum of cytokines, espe-
cially under inflammatory conditions. The cytokines include 
IL-4, IFN-γ [51], IL-2, TNF-α [52], GM-CSF [53], TGF-β 
[54], and IL-12p70 [55]. Therefore, like CD4+ T cells, B cells 
may be classified into functionally different subsets: IFN-γ-
producing B effector 1 (Be1) and IL-4-producing B effector 2 
(Be2) cells [51, 52].

Our studies in TCRαKO mice have identified a B-cell 
subset that regulates inflammation by the production of a 
regulatory cytokine IL-10; we have called these regulatory 
B cells (“Breg”) [56]. As stated above, TCRαKO mice spon-
taneously develop a Th2-mediated chronic colitis, and 
B-cell- deficient TCRα double knockout mice develop much 
more exacerbated form of colitis as compared to TCRαKO 
mice indicating a protective role of B cells in this colitis 
model [26]. IL-10-producing B cells, which are character-
ized by high expression levels of CD1d, appear in the MLN 
of this model after, but not before, the development of colitis. 
Cell transfer studies conclusively showed that the inducible 
IL-10-producing B cells attenuate ongoing colitis [57]. A 
recent study using a reporter mouse system that expresses 
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green fluorescent protein (GFP) when IL-10 expressions are 
induced confirms that a major source of IL-10 in the MLN 
under inflammatory condition is B cells [58]. Importantly, 
B-cell-specific deletion of IL-10 cannot cause spontaneous 
colitis [58], consistent with previous reports that IL-10- 
producing Breg is involved in controlling the progression, 
but not induction, of colitis [56].

Several other studies have also identified IL-10 producing 
B cells to suppress diverse inflammatory diseases including 
IBD, graft versus host diseases (GVHD), experimental aller-
gic encephalomyelitis and collagen-induced rheumatoid 
arthritis [56, 59–62]. IL-10-producing B10 cells are involved 
in suppressing different types of colitis, including DSS- 
induced acute colitis and Th1-mediated chronic colitis seen 
in IL-10 KO mice and CD45RB model in which colitis is 
induced in immunodeficient recipients by transfer of splenic 
CD45RBhigh CD4+ T cells [63–65]. As stated above, IL-10- 
producing regulatory B cells exist at a very low number in 
normal conditions and expand under inflammatory condi-
tions [56, 59]; these cells function primarily to suppress 
ongoing inflammation rather than inhibit the initiation of 
inflammatory process. The regulatory B cells exhibit unique 
phenotypic characteristics. This includes expression of both 
immature transitional type 2 B cells and fully matured mar-
ginal zone B cells [57, 61]. Although IL-10-producing regu-
latory B cells originate from B2 B cell lineage, some of these 
cells express a CD5, a marker associated with B1 B cells [66, 
67]. Like dendritic cells, high levels of MHC class II may be 
expressed by some regulatory B cells [47, 48]. The develop-
ment of Breg under intestinal inflammatory conditions may 
be induced by apoptotic cells [68].

IL-10-producing regulatory B-cell subsets may originate 
from either immature/naïve or activated memory B cells. 
Like regulatory T-cell subsets (Treg, Tr1, and Th3), it is 
likely that regulatory B cells also originate in the gut- 
associated lymphoid tissues (GALT) containing about 80 % 
of activated B cells [6, 7]. Our studies in TCRαKO mice 
indicate that “Bregs” appear in the mesenteric lymph nodes 
(MLNs) only under intestinal inflammatory conditions [56, 
57] and are capable of expanding throughout the body [40]. 
Bregs, which are phenotypically characterized by high 
expression levels of CD1d, represents immature/naïve B 
cells that are polyclonally activated, presumably by stimula-
tion with enteric microorganisms. Functionally, Bregs atten-
uate ongoing colitis by inhibiting proinflammatory responses 
such as the production of IL-1β [56, 57]. Recent studies have 
identified a spleen-specific IL-10-producing regulatory B cells 
termed “B10”, which are characterized by a CD1dhigh CD5+ 
surface phenotype [66]. The B10 cells originate from mem-
ory follicular B cell pool and develop in an antigen- dependent 
manner [59, 66]. B10 cells, unlike Bregs, regulate the initiation, 
but not progression, of inflammatory conditions such as 
murine lupus and experimental autoimmune encephalomyelitis 

by down-regulating the ability of dendritic cells to act as 
APCs for priming effector CD4+ T cells [66, 67, 69]. 
Another difference between B10 cells and Breg is that B10 
cells are detected in the systemic circulation, but not in 
lymph nodes, where Bregs develop [66].

In addition to IL-10-producing Bregs, another unique B 
cell population, capable of producing IL-12p70 but not 
IL-10, is also generated in the MLN of TCRαKO mice dur-
ing colitis development and participates in the attenuation 
of this Th2-mediated colitis [55]. Interestingly, a unique 
B-cell subset, which is characterized by high expression 
levels of MHC class II and its ability to produce IL-12p70 
in response to a bacterial product CpG (toll-like receptor 9 
ligand), has been identified in the colon of these mice [70]. 
These unique colonic B cells are recruited from immature/
transitional and recirculating naïve B2 B-cell pools. Like 
Bregs, they are inducible; they exist in normal colon at a 
very low number and expand during the recovery phase of 
intestinal inflammation [70]. IL-10 producing Bregs may 
have a wider role in inhibiting a large spectrum of inflam-
matory conditions, whereas IL-12p70 producing B cells 
may have a more limited role in suppressing Th-2-mediated 
colitis. Recent studies indicate that CD40L-expressing B 
cells suppress a CD8+ T cell-induced colitis by inducing 
IL-10 expression in the pathogenic CD8+ T cells [71]. B 
cells stimulated with Hymenolepis diminuta infection 
improved oxazolone colitis by producing TGF-β and coop-
erating with regulatory macrophages [72], and B cells 
expressing an ectoenzyme CD73 suppress DSS-induced 
colitis by producing adenosine [73].

A protective role of IL-10-producing B cells has also been 
demonstrated in IBD experimental models with features of 
human CD. These models include Gαi2 knockout mice in 
which the ability of regulatory B cells to produce IL-10 is 
impaired [74], CD45RB transfer model [75], and mice 
expressing T cell-specific dominant negative TGFβ receptor 
II in which B cells regulate colitis in an IL-10-independent 
manner [49]. Polyclonally activated B cells have been shown 
to suppress an innate immune-mediated spontaneous colitis 
in nuclear factor of activated T cells (NFAT) C2-deficient 
RAG2 double knockout mice; this suppression is not depen-
dent on IL-10 [76]. In contrast to above studies, a pathogenic 
role of B cells has been reported in ileitis developing in the 
SAMP1/Yit congenic mouse model and in the TCRβ × TCRδ 
double knockout mouse model with the reconstitution of WT 
mouse-derived naïve CD4+ T cells [77, 78]. It is possible that 
the function of B cells differs depending on the site of inflam-
mation: a pathogenic role in small intestine (ileitis), but a 
regulatory role in large intestine (colitis). Since a recent 
study indicates that the development of IL-10-producing 
regulatory B cells is impaired in SAMP1/Yit mice [79], a 
pathogenic role of B may be exhibited in the absence of reg-
ulatory B cells.
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 Human Mucosal and Regulatory B cells

There have been a limited number of studies regarding the 
functional characterization of mucosal B cells in human 
IBD. In a recent study [8], circulating and mucosal tis-
sue B cells (isolated from surgical resection specimens) 
from CD patients showed elevated levels of basal activation 
as indicated by TLR2 expression, spontaneous IL-8 secre-
tion, and increased levels of phosphorylated signaling pro-
teins. Correlation between increased expression of TLR2 
and IL-8 and clinical activity was observed in CD but not in 
UC. Whether the hyperactivated B cells reflect a pathogenic 
role or merely reflect a secondary response to microbes in dis-
eased mucosa is not clarified in the study. A more recent study 
[80] suggests that in IBD patients B cells could be modulated 
by TLR ligands towards proinflammatory or autoinflamma-
tory activity depending on the predominance of systemic TLR 
ligands (LPS/endotoxin and high mobility group box 1). B 
cells from IBD patients also produce chemokine eotaxin in 
response to TLR ligands and may regulate directly or indi-
rectly eosinophil tissue migration patterns [81].

A unique phenotype of CD19+ CD24high CD38high CD1dhigh 
CD5+ CD27− of human IL-10 producing regulatory B cells in 
peripheral blood lymphocytes (PBL) has been reported [38]. 
These regulatory B cells require in vitro CD40 stimulation to 
exhibit IL-10 production and inhibit differentiation of Th1 
cells in vitro. This regulatory capacity is lacking in patients 
with systemic lupus erythematosus [38]. A recent study 
reports an increase of IL-35-producing CD20+ regulatory B 
cells in the inflamed colon of CD patients as compared to UC 
and healthy controls [82].

A possible role of B cells in IBD has been suggested by 
B-cell depletion studies. In one study, UC was induced in a 
patient with Graves’ disease after depletion of B cells through 
treatment with rituximab, a mouse–human chimeric anti-
 CD20 mAb [83, 84]. In another study, administration of this 
antibody in a UC patient led to the exacerbation of colitis 
[85]. Interestingly, the exacerbation of colitis was associated 
with a reduction of IL-10 production in the colon, supporting 
the possible protective role of IL-10-producing Bregs in 
UC. Recently, a clinical trial of B cell depletion by rituximab 
showed no significant effect of B cell depletion on inducing 
remission in moderately active UC [86]. However, there 
appeared to be increased in remission at week 4 but was not 
sustained.

 Concluding Remarks

It is now well established that dysregulation of mucosal 
immune response to enteric bacteria is the underlying factor 
in the development of IBD. B cells form an important 
component of mucosal immune system for maintaining an 

epithelial barrier, regulation of the enteric microflora diversity, 
and development of adequate immune response to both 
enteric floral and food antigens. A compelling case for regu-
latory B cells has been made in IBD experimental models; 
however, a pathogenic role of B cells has not been excluded. 
The presence of circulating antibodies to self-antigens and 
enteric bacteria in many patients indicates B cell involve-
ment in human IBD. Whether or not B cells play an impor-
tant role in UC and CD pathogenesis has yet to be defined. 
Further understanding of the role of B cells in IBD would 
require functional characterization of human mucosal B cells 
in normal and diseased states. Genome-wide association 
studies of IBD may lead to the identification of B-cell- 
associated genes that may be candidate genes involved in the 
pathogenesis of chronic intestinal inflammation.
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 Introduction

Monocytes and macrophages are important components of 
the innate immune system [1]. The innate immune system 
provides the first defense line against external or internal 
pathogens and danger signals (e.g., danger associated molec-
ular pattern molecules, DAMPs), by triggering a protective 
inflammatory response that normally is self-limiting after 
clearance of the initial trigger [2]. In addition, an adaptive 
and longer lasting adaptive and specific immune response 
may be initiated by the same cells. The innate immune 
response provided by monocytes and macrophages (but also 
by other cellular components of the innate immune system) 
aims to directly destroy pathogens. This is followed by a 
phase in which the destroyed pathogens such as bacteria as 
well as cell detritus and damaged extracellular matrix mate-
rial are taken up (“phagocytosed”) by the cells, degraded and 
such removed by the same cells to allow tissue repair and 
recovery of the healthy situation [3].

Besides monocytes and macrophages the mononuclear 
phagocyte system (MPS) is composed of lineage-committed 
bone marrow precursors, circulating monocytes, resident 
tissue macrophages, and dendritic cells (DC) [1].

Monocytes and macrophages have been shown to play an 
important role during the initiation and chronification of 
inflammatory bowel disease (IBD) [4–6]. They contain many 
functionally important proteins that carry potential variants 
known to be associated with the risk for developing 
IBD. Macrophage differentiation from monocytes occurs in 
the intestine associated with the acquisition of a typical func-
tional phenotype that is tissue specific depending on micro-
environmental signals, such as signal from the gut lumen 
(e.g., products of the intestinal microbiota) [5, 6]. Obviously 

a differentiation of monocytes into macrophages in the intes-
tine normally occurs under “non-inflammatory” or “minor 
inflammatory” conditions. With respect to this a “normal” 
non-activated monocyte will differentiate into a “normal” 
intestinal macrophage after entering the mucosa form the 
blood stream [7, 8]. Under inflammatory conditions such as 
IBD the differentiation is altered but not completely blocked 
[9–15]. A different phenotype with most likely different 
functions will occur [9–15].

The mechanisms how the various risk genes for IBD—and 
especially the ones that are associated with functions of the 
innate immune response—influence this process of tissue 
specific and inflammation-modified macrophage differentia-
tion so far is largely unclear.

 Monocytes

Monocytes represent 5–10 % of peripheral blood leukocytes 
in humans but only 2–4 % of the total leukocytes in mice [1]. 
Therefore differences in monocyte function are likely and 
results obtained from mouse experiments may be not easily 
transferable to the human “monocyte situation.” Circulating 
monocytes together with lymphocytes morphologically 
belong to the group of “mononuclear cells” with mainly 
round but frequently also somewhat irregular cell shape, 
oval- or kidney-shaped nuclei, and cytoplasmic vesicles. In 
contrast to lymphocytes monocytes have a high cytoplasm- 
to- nucleus ratio. Monocytes usually remain in the blood 
stream and circulate through the blood vessels for 24–48 h 
and then migrate into tissues or are removed. Before entering 
the blood stream monocytes originate and differentiate in the 
bone marrow from hematopoietic stem cells (HSCs) through 
several sequential differentiation stages such as the common 
myeloid progenitor (CMP), the granulocyte-macrophage 
progenitor (GMP) as well as the common macrophage and 
DC precursor (MDP) [1].

Macrophage colony-stimulating factor (M-CSF) (also known 
as colony stimulating factor-1, CSF-1) is the most important 
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growth factor and essential component for the differentiation 
of monocytes/macrophages [1, 16, 17]. Granulocyte-
macrophage colony-stimulating factor (GM-CSF) also is 
involved in the development of monocytes/macrophages 
especially under inflammatory conditions [1, 16, 17].

Monocytes as important component of the innate immune 
system initiate inflammatory responses to invading patho-
gens by killing, neutralizing and removing them via phago-
cytosis, production of reactive oxygen species (ROS), 
production of nitric oxide (NO), of myeloperoxidase, and 
secretion of cytokines and/or chemokines. As mentioned 
above monocytes can trigger T-cell responses and direct 
T-cell differentiation (e.g., by secretion of interferon gamma 
(IFNγ) or IL-12) [4, 18, 19].

 Monocyte Heterogeneity

Circulating human peripheral blood monocytes are a het-
erogeneous cell population that can be discriminated by their 
surface antigen expression [20]. Mainly three functional 
subsets of human monocytes have been identified. The dis-
crimination of the three subsets is mainly based on two sur-
face antigens: CD14 (part of the LPS receptor) or CD16 
(Fcγ RIII) [20]. Up to 90 % of human monocytes display 
high CD14 but no CD16 surface expression in flow cytome-
try (FACS) analyses (usually they are annotated as 
CD14++CD16− or CD14+CD16−). They may be seen as the 
“classical monocytes” as this population has been described 
first and also represents the majority of the circulating mono-
cytes. The remaining 10 % of circulating monocytes can be 
split into two subtypes: A population with high CD14 and 
low (but not absent in contrast to the “classical” monocytes) 
CD16 expression (usually annotated as: CD14++CD16+ or 
CD14+CD16+), and a so called “non-classical subset” with 
low CD14 but high CD16 expression (CD14+CD16++ or 
CD14dimCD16+) [20].

Whether there are significant functional differences 
between those subpopulations is not completely clear and 
still a matter of discussion [1, 20]. Differences between these 
monocyte subpopulations with respect to their capacity to be 
activated by bacterial products and secrete pro-inflammatory 
cytokines have been described [1, 20]. This may be obvious 
as CD14 is part of the LPS receptor complex and subse-
quently a lower expression may limit the ability to react to 
LPS exposure. Further differences with respect to antigen 
presentation, phagocytosis, and oxidative burst have been 
reported [1, 20]. In a recent review article functional differ-
ences between the subsets have been described and discussed 
in detail [21]. In general, “classical” human monocytes have 
the ability to induce a pro-inflammatory reaction similar to 
the murine Ly6C+ monocytes (also termed “inflammatory” 
monocytes) [1]. In contrast, the “non-classical”, high CD16 

expressing monocytes may have properties similar to those 
of murine Ly6C− monocytes (also termed “alternative” or 
“patrolling” monocytes) [1]. Whereas classical inflamma-
tory monocytes respond to the chemokine CCL2 as they 
express the respective receptor triggering recruitment to 
inflammatory sites the CD16++ monocytes respond to 
CX3C-chemokine ligand 1 [CX3CL1, the human fractalkine 
and mouse neurotactin] as chemokine [1].

 Tissue Macrophages

Resident macrophages are found in virtually all tissues of 
adult mammals, where they usually represent up to 10–15 % 
of the total cell number [22–24]. In the intestinal mucosa 
they are mainly localized in the lamina propria [25]. The spe-
cific tissue environment is thought to influence the differen-
tiation of monocytes into the organ or tissue specific 
macrophage phenotype explaining a significant heterogene-
ity between macrophages isolated from different organs or 
tissues [1].

The tissue macrophages found in the gut wall represent 
one of the largest—if not the largest—compartments of the 
mononuclear phagocyte system in the body. They are local-
ized preferentially at the sites of antigen entry, e.g., in the 
periepithelial region of the small intestine and in the subepi-
thelial domes of Peyer’s patches. Macrophages constitute 
10–20 % of the mononuclear cells in the lamina propria, as 
determined by immunohistochemistry and tissue disaggrega-
tion experiments [25].

Intestinal macrophages are involved in the pathogenesis of 
IBD. With respect to their transcriptional profile they differ 
from macrophages in other tissues such as Kupffer cell in the 
liver, alveolar macrophages or osteoclasts [26–29]. Intestinal 
macrophages show a specific phenotype with low expression 
of typical monocyte antigens such as CD14 or CD16 [13]. 
The differentiation of intestinal macrophages is partly regu-
lated by epithelial cells as it can be in vitro induced in spher-
oid cultures of intestinal epithelial cells [7, 8]. They display a 
more “anergic,” “regulatory,” “tolerogenic,” or M2 phenotype 
with also low expression of costimulatory molecules such as 
CD80 or CD86 and low expression of pattern recognition 
receptors such as TLR4 or TLR2 [12, 30].

The phenotype and the functional characteristics of intes-
tinal macrophages are altered during chronic inflammation 
in IBD [10–12, 14, 15, 31]. Whether this is only due to a 
disturbed differentiation of invading monocytes remains to 
be elucidated and is not clear so far.

During acute flares of IBD the heterogeneity of the 
intestinal macrophage population is strongly increased. In 
mouse models of colitis such as the acute DSS colitis model 
an early influx of monocytes/macrophages into the mucosa is 
observed [32–34]. There usually is a concomitant “loss” of 
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resident macrophages, due to tissue adherence, emigration, 
or death. This is also called “macrophages disappearance 
reaction” and has mainly been described for peritoneal and 
alveolar macrophages (as it is easier to describe and analyze 
in those tissues) [35].

Inflammatory macrophages most likely derive from 
recruited blood monocytes that do not undergo the normal 
process of differentiation into intestinal macrophages in the 
mucosa [15, 36].

There are two main chemokines and related receptors 
found to be responsible for the recruitment of monocytes 
into the inflamed intestinal mucosa: CCL2/CCR2 and 
CX3CL1/CX3CR1, respectively [37–39]. CCL2 is produced 
by mucosal fibroblasts, intestinal epithelial cells as well as 
endothelial cells in response to the inflammatory environ-
ment and in response to invading microbes.

 Intestinal Macrophage Differentiation 
and Function

The intestinal mucosa is challenged by a permanent contact 
to an indeterminable multiplicity of bacterial and food anti-
gens from the intestinal lumen. Mechanisms must exist, 
which facilitate an immediate immune reaction against 
pathogens penetrating into the mucosa. On the other hand, 
ongoing immune reactions against commensal bacteria or 
food antigens must be effectively prevented—otherwise the 
consequence is a chronic mucosal inflammation—as we find 
it in patients with IBD.

In general two major types of macrophages have been 
described in recent years: M2 macrophages are tolerogenic, 
promote tissue healing and growth whereas M1 macrophages 
have easily activated defense functions and kill bacteria as 
well as initiate inflammation [1]. This is associated with a shift 
in cell metabolism: In M1 macrophages the arginine metabo-
lism is shifted to NO and citrulline [1]. In contrast in M2 mac-
rophages it is shifted to ornithine and polyamines [1].

However, the M1 and M2 polarization may not represent 
a final differentiation status but more a reversible form of 
functional specialization [40, 41].

As mentioned above intestinal macrophages in normal, 
non-inflamed mucosa have lost a whole number of “typical” 
macrophage abilities as a consequence of their specific dif-
ferentiation. In contrast to blood monocytes or in vitro dif-
ferentiated macrophages intestinal macrophages are rather 
irresponsive to LPS as LPS receptors (TLR4 and CD14) are 
not expressed [30, 42]. Besides that, normal intestinal mac-
rophages cannot induce clonal T-cell reactions, because they 
do not express T-cell co-stimulatory molecules such as CD80 
(B7-1) and CD86 (B7-2), necessary for a clonal T-cell expan-
sion [12]. These data point to an anergic, tolerance-inducing 
intestinal macrophages-type in the normal intestinal mucosa. 

Normal intestinal macrophages have the task to prevent a 
perpetuation of inflammatory reactions against bacteria of 
the commensal intestinal flora. However, the tolerogenic 
intestinal macrophages’ function so far is only partially 
understood. Better knowledge of the specific immunomodu-
latory functions of normal intestinal macrophages would 
allow specific interventions during intestinal inflammation 
targeted to reinduce the normal intestinal macrophages- 
phenotype—in the sense of a “reestablishment of physiolog-
ical conditions.”

 Conclusion

Polymorphisms in molecules of the innate immune system 
have been shown to be risk factors for IBD. Very important 
components of the innate immune system are monocytes/
macrophages. Intestinal macrophages usually show a tolero-
genic phenotype (M2 like) and are important for the media-
tion of tolerance (prevention of inflammation) to commensal 
bacteria. In IBD monocytes invade the mucosa and do not 
completely differentiate into the M2 phenotype but rather 
stay in a M1 state. Understanding the reasons for this lack of 
proper intestinal macrophage differentiation will provide 
new insights into IBD pathophysiology and will open up new 
therapeutic possibilities and approaches.
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 Introduction

Epithelial cells, which line organs such as the intestine, are 
uniquely positioned to serve as a direct conduit of communi-
cation between the immune system and the external environ-
ment. While carrying out nutrient absorption functions, 
mucosal surfaces of the alimentary tract are constantly 
exposed on the luminal surface to microbes and foreign anti-
gens. For years, the sole role ascribed to the epithelium was 
acting as a highly selective barrier. Dynamic cross talk 
between the epithelium and the immune system, via the inti-
mately associated subepithelial lymphoid tissue, has more 
recently been appreciated [1]. For these reasons, intestinal 
epithelial cells (IEC) lie at the heart of innate immunity. IEC 
rely on a diverse set of pathogen recognition receptors (PRR) 
to recognize and respond to this diverse set of microbial anti-
gens. A common feature of patients with active ulcerative 
colitis and Crohn’s disease (collectively termed inflammatory 
bowel disease, IBD) is disruption of the intestinal epithelial 
lining [2, 3]. Ongoing studies have identified multiple genetic 
mutations associated with the innate immune response that 
could contribute to abnormal epithelial responses to micro-
bial antigens. Here, we discuss the contribution of IEC to 
immune responses in health and during ongoing mucosal 
inflammation.

 Dynamic Nature of Intestinal Epithelial Cells

Historically, IEC were considered passive players to the 
immune response. For decades, epithelial cells were thought 
to provide a selective barrier to allow nutrient absorption and 

provide for electrolyte transport. This view has changed con-
siderably in the past two decades. Epithelial cells are now 
considered an active participant of a successful immune 
response, to the extent that primary defects within the epithe-
lium likely determine the limit of many autoimmune dis-
eases, including IBD [2, 3].

Studies in the 1980s and 1990s revealed that epithelial 
cells have the capacity to “phenotype switch” from a cell 
primarily expressing machinery for barrier function and 
electrolyte transport to one well adapted to interacting and 
directing the innate and adaptive immune system. These 
studies were founded on original observations that epithelial 
cells express and respond to cytokines such as IFNγ through 
a loss of barrier function and an induction of immune acces-
sory features that promote immune cell interactions [4, 5]. 
This focus on IFNγ at the time was important, as it was dem-
onstrated that in the basal state, IFNγ production is readily 
detectable in the mucosa [6]. During active immune 
responses, the number of lymphocytes increase, and upon 
antigenic challenge of mucosal T-lymphocytes, the IFNγ 
signal is markedly enhanced in the mucosa [6]. It was subse-
quently shown that IFNγ was capable of eliciting the surface 
expression of MHC class II on intestinal epithelial cells [7] 
and that human intestinal epithelia could function as antigen 
presenting cells to lymphocytes in classic mixed lymphocyte 
reactions [8]. These studies revealed the dynamic nature of 
IEC phenotype and demonstrated that IFNγ induces a global 
shift in phenotype from one expressing classic epithelial fea-
tures (barrier function, ion transport, electrolyte movement) 
to one harboring considerable immune accessory functions 
(induction of MHC class I/II, upregulation of ICAM-1, regu-
lated leukocyte recruitment, see Fig. 11.1) [5]. Extensions of 
these studies have revealed, and continue to reveal, that IEC 
are a source and/or a first responder to multiple cytokines 
and chemokines found within the inflammatory milieu, 
including IL-4, IL-6, IL-7, IL-8, IL-13, IL-15, IL-18, 
GM-CSF, and TGFβ [9].

NFkB is a quintessential inflammatory transcription 
factor that functions as a signaling hub to direct the immune 
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response and has been linked to autoimmunity, cancer, and 
chronic inflammation [10]. One particularly interesting 
observation has been the function of NFkB within the intes-
tinal epithelium. Indeed, NF-kB activation has been associ-
ated with disease activity in IBD. For example, lamina 
propria macrophages and colonic biopsies from IBD patients 
show enhanced NF-kB activity. Likewise, a polymorphism 
in the promoter region of the Nfkb1 gene, which encodes the 
p105 precursor of the NF-kB p50 subunit, has been associ-
ated with an increased risk of developing IBD [11]. Thus, it 
was somewhat surprising that multiple genetic studies in 
mice have revealed that conditional loss of function deletions 
of components of the NF-kB pathway within the epithelium 
significantly increased susceptibility to colitis [12]. These 
studies indicated a protective role for epithelial NF-kB in 
inflammation through a mechanism involving the expression 
of anti-apoptotic genes in the IEC resulting in enhanced epi-
thelial barrier function and mucosal homeostasis [12].

 Expression of Co-stimulatory Molecules, 
Classical/Non-Classical MHC, TLRs

IEC represent a first line of defense to invasion by pathogens 
[13]. Intestinal epithelial cells are equipped with a diverse 
array of PRR that, upon ligand binding results in the induction 

of a diverse set of chemokines that recruit circulating leuko-
cytes to initiate innate immune responses [9]. Colonic epi-
thelial cells, for example, express surface TLRs, including 
TLR2, 3, 4, and 5, that are selectively polarized to the baso-
lateral surface [14], ensuring that only invasive bacteria that 
have breached the barrier trigger TLR’s in the epithelium 
(see Fig. 11.1).

While specialized gut-associated lymphoid tissues 
(GALT), including Peyer’s patches, exist throughout the GI 
tract and are dedicated to sampling luminal contents at steady 
state, in fact any IEC can adopt such functions under inflam-
matory conditions. In addition to relaying luminal signals to 
the lamina propria, Mayer et al. have provided significant 
evidence that IEC can recognize, process and even present 
antigens to antigen-specific lymphocytes [1]. IEC constitu-
tively express MHC class I along the length of the small and 
large intestine as well as MHC class II in the small intestine, 
the latter of which can be significantly induced by cytokines 
such as IFNγ [15]. Polarized antigen sorting and processing 
in late endosomes is similarly regulated by IFNγ, where anti-
gens are subsequently processed into appropriate immuno-
genic peptides for presentation to CD4+ T-cells [1]. While 
IEC do not express classical co-stimulatory molecules such 
as CD80 or CD86, IEC from IBD patients express novel 
members of the B7 family (B7h and B7H1) that when paired 
CD28 or CD152 can produce a co-stimulatory signals [16].

AMPs 
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MHCII 

SCFA 

Treg 

TGFb 
TLR 

ICAM 

1 2 3

T cell 

T cell 
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INFLAMMATION HOMEOSTASIS 
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Fig. 11.1 Epithelial cells and the coordination of immune homeosta-
sis: (1) IFN-gamma released by T-cells can increase tight junction per-
meability and induce apical expression of ICAM-1. Together this 
allows migration and apical localization of neutrophils (PMN). (2) 
IECs can kill bacteria to maintain the sterility of the mucus layer and 
neutralize gram-negative LPS through the activity of AMPs (antimicro-

bial peptides), both secreted (e.g., defensins, BPI) and apically 
expressed (e.g., ALPI), preventing TLR4 stimulation. (3) Commensal 
bacterial-derived SCFA (short chain fatty acids) provide an energy 
source to the IECs and in combination with antigen presentation can 
stimulate IEC TGF-beta production to promote tolerance through regu-
latory T cell (Treg) homing
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In addition to expression of MHC class I and II, IEC 
have been shown to express functional non-classical MHC 
 molecules, particularly CD1d [17]. The CD1 family of 
molecules present self and microbial glycolipids to CD1-
restricted T cells (NKT cells in the case of CD1d). Ligation 
of IEC CD1d has been shown to result in the production of 
the immunoregulatory cytokine IL-10 [18], for which IEC 
have been demonstrated to express IL-10 receptors on the 
luminal surface [19]. Olszak et al., recently demonstrated 
that IEC- specific deletion of CD1d resulted in a severe NKT 
cell-mediated intestinal inflammation in a mouse model [20]. 
Moreover, the decreased expression of CD1d on IEC of 
patients with IBD may contribute to perpetuation of intesti-
nal inflammation [21].

 Coordination of Inflammatory 
and Resolution Responses

The successful inflammatory response is initiated by recruit-
ment of leukocytes to sites of infection/injury. Leukocyte 
migration into and across the epithelium is orchestrated 
through a highly coordinated series of steps, mediated by 
cell adhesion molecules and integrins. The molecular details 
of this cascade have been extensively summarized elsewhere 
[22, 23]. These seminal studies have revealed that IEC sur-
face molecules and IEC secreted factors play a central role in 
recruiting and coordinating leukocyte migration to the 
mucosa (Fig. 11.1).

Crypt abscesses, the accumulation of large numbers of 
leukocytes to the luminal surface, represent one of the patho-
logical hallmarks of active IBD [22]. There is significant 
recent interest in understanding how such crypt abscesses 
might impact mucosal tissue function, particularly related to 
inflammatory resolution or progression toward chronicity. A 
recent study examined the influence of neutrophil (polymor-
phonuclear leukocyte, PMN) transepithelial migration on 
epithelial gene programming and the resolution response 
[24]. In this study, gene expression changes within the epi-
thelium were attributable to the consumption of large 
amounts of O2 by PMN through the activation of the NADPH 
oxidase. These studies revealed that O2 consumption by acti-
vated PMN resulted in the stabilization of the transcription 
factor hypoxia-inducible factor (HIF) within the epithelium. 
Utilizing murine models of colitis, the authors demonstrated 
that both the presence of PMNs as well as PMN-elicited 
hypoxia were necessary for mucosal progressive resolution 
of inflammation. Depletion of PMNs led to exacerbated tis-
sue destruction during colitis. These observations have also 
been validated in human patients. For example, human IBD 
specimens containing crypt abscesses were examined for the 
localized expression of the HIF gene target gene Glut1. 

Areas adjacent to the human crypt abscess revealed marked 
upregulation of Glut-1 relative to healthy controls. Also 
notable is the observation that patients lacking a functional 
NADPH oxidase (i.e., chronic granulomatous disease, CGD) 
often present with an IBD-like syndrome [25]. This NADPH 
oxidase complex is responsible for the generation of reactive 
oxygen species (ROS) and used by innate immune cells (esp. 
PMN) to kill invading pathogens. CGD patients exhibit con-
genital defects in genes coding the subunits of the neutrophil 
NADPH oxidase complex (e.g., mutations in CYBA, CYBB, 
NCF, RAC1, and RAC2). Approximately 40 % of CGD 
patients develop IBD-like symptoms [26]. Such clinical 
observations suggest that CGD-associated IBD could repre-
sent a failure to resolve acute mucosal insults. These findings 
have given rise to significant interest in developing therapies 
around the concept of hypoxia-associated metabolism and 
HIF expression in the mucosa [27].

 Epithelial Antimicrobial Defense and Innate 
Immunity

The mammalian gastrointestinal tract is home to trillions of 
bacteria. A finely regulated commensal relationship exists 
within the intestinal mucosa, where microbes, essential for 
host health, can also initiate and perpetuate mucosal disease 
[28]. As part of their contribution to overall innate immunity, 
IEC actively defend the mucosa through the production of 
antimicrobial peptides. As an example, actively produce 
defensins, a prominent class of antimicrobial peptides which 
are cationic, cysteine-rich, and possess broad antimicrobial 
activity [29, 30]. Defensins are classified as α- or β-defensins 
based on structural differences in cysteine bond pairing [31]. 
Crohn’s disease patients have been shown to express defects 
in α-defensin 5 and α-defensin 6 from Paneth cells of the 
small intestine [31]. The nature of this defect is not com-
pletely understood but is thought to relate to defects in the 
Nod2 and Atg16l1 genes. Up to 35 % of Crohn’s disease 
patients carry a mutation in NOD2 and correlates with defec-
tive secretion of defensins [31], which may contribute to the 
dysbiosis observed in some IBD patients.

Human β defensin-1 (hBD1) is notable within the IEC 
that it is constitutively secreted, whereas others are induced 
by inflammatory mediators [32, 33]. Constitutive expression 
of hBD1 was recently shown to depend on the tissue micro-
environment (e.g., low oxygen levels found in the colon) 
[34]. Another distinguishing feature of hBD1 is that the full 
spectrum of its antimicrobial activity is only revealed when 
its disulfide bonds are reduced [35]. Reduction of the hBD1 
disulfide bonds is accomplished by thioredoxin that localizes 
with hBD1 in the colonic mucus; oxidation of hBD1 is pre-
vented by the low pO2 environment of the lumen [36].
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Among the other innate antimicrobial defense molecules 
expressed by IEC is bactericidal permeability-increasing 
protein (BPI), originally found in neutrophil and eosinophil 
granules [37]. Subsequently, BPI was found to be expressed 
in IEC [38]. Based on an original transcriptional profiling 
approach to identify lipid-mediator regulation of mucosal 
inflammation, BPI was found to be expressed in both human 
and murine epithelial cells of wide origin (oral, pulmonary, 
and gastrointestinal mucosa). Additional studies in human 
and murine tissue ex vivo revealed that BPI is diffusely 
expressed along the crypt-villous axis [38, 39], and that epi-
thelial BPI protein levels decrease along the length of the 
intestine [40]. As its name infers, BPI selectively exerts 
multiple antimicrobial actions against gram-negative bacte-
ria, including cytotoxicity through damage to bacterial 
inner/outer membranes, neutralization of bacterial lipopoly-
saccharide (endotoxin), as well as functioning as an opsonin 
for phagocytosis of gram-negative bacteria by neutrophils 
[41, 42]. The high affinity of BPI for the lipid A region of 
LPS [43] targets its cytotoxic activity to gram-negative 
bacteria. Binding of BPI to the gram-negative bacterial outer 
membrane is followed by a time-dependent penetration of 
the molecule to the bacterial inner membrane where damage 
results in loss of membrane integrity, dissipation of electro-
chemical gradients, and bacterial death [44]. BPI binds the 
lipid A region of LPS with high affinity [45, 46] and thereby 
prevents its interaction with other (pro-inflammatory) LPS- 
binding molecules, including LBP and CD14 [47]. Since 
BPI binds the lipid A region common to all LPS, it is able to 
neutralize endotoxin from a broad array of gram-negative 
pathogens [42].

Intestinal alkaline phosphatase (ALPI) represents another 
recently appreciated antimicrobial molecule expressed on 
apical (luminal) aspect of IEC [48]. In the past, this molecule 
was viewed as one of the better epithelial differentiation 
markers, with little understanding of the true function of this 
molecule in the mucosa. More recent studies have identified 
this molecule as a central player in microbial homeostasis 
[49–51]. Surface expressed ALPI was shown to retard gram- 
negative bacterial growth and to potently neutralize LPS 
through a mechanism involving dephosphorylation of 
1,4′-bisphosphorylated glucosamine disaccharide of LPS 
lipid A [50, 51]. This observation was translated to a murine 
colitis model and revealed that the expression of ALPI 
strongly correlated with the resolution phase of inflamma-
tion. Moreover, inhibition of ALPI activity was shown to 
increase the severity of colitic disease [52]. Like those defin-
ing epithelial expression of BPI [38], these studies provide 
an example of the critical interface between inflammatory 
resolution and the importance of epithelial antimicrobial 
defense mechanisms (see Fig. 11.1).

 Intestinal Epithelia and Dysbiosis in IBD

The intestinal microbiota, in addition to aiding in digestion, 
produce a number of vitamins and benefit the host through 
the local synthesis of short-chain fatty acids (SCFAs), includ-
ing butyrate, propionate, and acetate. Butyrate can reach 
luminal concentrations of 30 mM in the colon and serves as 
a preferred metabolic substrate for colonic epithelial cells 
[53]. Butyrate is efficiently absorbed and metabolized by 
epithelia, and in contrast to other SCFAs, very little butyrate 
is released into portal circulation [53]. One factor contribut-
ing to the preference of the colonic epithelium for butyrate is 
that butyrate stimulates expression of pyruvate dehydroge-
nase kinases, which inhibit the pyruvate dehydrogenase 
complex [54]. This inhibition prevents conversion of glucose- 
derived pyruvate to acetyl-CoA. Yet, because formation of 
acetyl-CoA from butyrate is not dependent on pyruvate 
dehydrogenase, butyrate-derived acetyl-CoA is available for 
oxidative phosphorylation. Significant literature supports an 
immunological homeostatic role for SCFA in the distal gut 
[53, 55]. For example, the protection elicited by fiber and 
resistant starch in experimental colitis are thought to depend 
on SCFA production [56–58], and administration of exoge-
nous butyrate promotes resistance to experimental colitis 
[59, 60]. Recent studies investigating dysbiosis in inflamma-
tory bowel disease identified lower concentrations of luminal 
butyrate and reduced abundance of butyrate-producing 
organisms (e.g., certain Roseburia and Faecalibacterium 
species) with disease [61–63]. The importance of butyrate as 
the preferred epithelial substrate has been highlighted by 
demonstration that pharmacologic inhibition of β-oxidation 
induces colitis [64] and that mice with mitochondrial poly-
morphisms that maintain increased oxidative phosphoryla-
tion activity are resistant to colitis [65]. Several trials have 
evaluated the efficacy of butyrate in the treatment of human 
disease, primarily ulcerative colitis, with mixed results [53].

The intestinal microbiota shifts in fundamental ways dur-
ing inflammation. It remains unclear exactly what these shifts 
in the microbiota might mean to tissue and immune function 
[66]. Microbial signals, such as those delivered by a mix of 
Clostridia species, induce mucosal tolerance by promoting the 
formation of regulatory T cells [67]. Moreover, studies have 
implicated SCFAs as critical products of tolerogenic Clostridia 
species [68]. In addition to functioning as a direct energy 
source, SCFAs can signal through a series of G-protein cou-
pled receptors (GPR) to mediate their biological functions [69, 
70]. In mice, deletion of Gpr41 and Gpr43 mediate protective 
immunity in inflammatory models [69, 70]. Also notable is the 
observation that treatment of mice with the SCFA propionate 
promotes colonic protection during inflammation [70] and that 
the major butyrate receptor (GPR109a) functions to suppress 
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colonic carcinogenesis and inflammation [71]. Such studies 
clearly implicate that targeting SCFA and SCFA receptors/
transporters as promising strategies for the development of 
new lines of treatment for IBD.

 Conclusions

Multiple lines of evidence now support the concept that epi-
thelial cells function as an integral part of the innate immune 
system (see Fig. 11.1). The intimate interactions between 
epithelial cells and the various components of the immune 
system contribute fundamentally to maintenance of health in 
the gut but also to the development of both acute and chronic 
inflammatory diseases, most particularly IBD. A further 
understanding of the genetic links to the luminal triggers 
associated with IBD will go far in developing effective thera-
pies that enhance epithelial innate immune responses.
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Autophagy and Endoplasmic Reticulum 
Stress

Arthur Kaser

The two main types of inflammatory bowel disease (IBD), 
Crohn’s disease (CD) and ulcerative colitis (UC), are charac-
terized by pathologic immune activation directed toward the 
microbial flora, which arises from a complex gene–environ-
ment interaction [1]. While major inroads have been made 
into the genetic underpinning of disease [2], the environmen-
tal factors that trigger disease that could explain the dramatic 
rise in incidence and prevalence of CD and UC, initially in 
Europe and North America and more recently globally [3], 
remain entirely unknown.

Numerous innate and adaptive cell types have been dem-
onstrated to have a role in the pathogenesis of IBD [1]. The 
intestinal epithelium with its specialized cell types has only 
more recently emerged as an important orchestrator of the 
mucosal immune response contributing an important homeo-
static function, and importantly also providing a pathophysi-
ologic function in the context of IBD. In particular, stress in 
the endoplasmic reticulum (ER) is commonly observed in 
the IBD epithelium, irrespective on the presence or absence 
of local inflammation [4–6]. ER stress arises when misfolded 
and hence potentially dysfunctional or toxic proteins accu-
mulate in the rough ER [7]. Highly secretory cells are natu-
rally particularly sensitive to ER stress due to stochastically 
occurring misfolding and the requirement that the cell’s fold-
ing capacity closely follows its translational output. In 
response to this type of stress, the Unfolded Protein Response 
(UPR) is elicited, which is aimed at resolving stress by 
adapting the translational and protein folding capacity in the 
ER to increased demands, and by degrading misfolded pro-
teins via ER associated degradation (ERAD) [7].

The UPR is organized along three main branches, each of 
which is characterized by a pair of an ER transmembrane 
sensor of misfolded proteins and its downstream transcription 

factor (IRE1–XBP1, PERK–ATF4, ATF6–ATF6f). In addi-
tion to transactivation of their specific target genes, the 
PERK branch of the UPR also triggers a transient halt in 
translation via phosphorylation of the elongation initiation 
factor 2α (eIF2α) [7]. The IRE1–XBP1 branch is the evolu-
tionary most conserved branch. Remarkably, in addition to 
ubiquitously expressed IRE1α, the intestinal and bronchial 
epithelium expresses a second isoform of IRE1, IRE1β, pos-
sibly hinting toward a particularly important role of this UPR 
branch at inner body surfaces [8].

It has been demonstrated that genetic deletion of Xbp1 in 
intestinal epithelial cells results in ER stress due to a conse-
quent impairment in the cells’ capacity to elicit the afore-
mentioned adaptive program [6]. Remarkably, this cell-type 
specific induction of ER stress causes mild, superficial 
inflammation that is confined to the small intestine [6]. This 
is associated with a secretory defect and condensation of the 
ER in Paneth cells, specialized highly secretory cells at the 
base of intestinal crypts that are most well known for secret-
ing large amounts of antimicrobial peptides [9]. This type of 
ER stress-induced small intestinal inflammation has been 
shown to be dependent on microbial signals as it does not 
develop in mice re-derived germ-free, and involves IRE1α 
overactivation and tumor necrosis receptor type 1 (TNFR1) 
signaling [10].

Importantly, manipulation of further UPR components 
also affects mucosal homeostasis. Deletion of Atf6α or 
P58IPK, the latter an important ER chaperone, results in 
increased sensitivity to dextran sodium sulfate (DSS)-induced 
colitis [11], while deletion of Agr2 (anterior gradient 2), a ER 
protein disulphide isomerase gene family member, results in 
spontaneous ileocolitis and aberrant Paneth cell secretory 
apparatus [12, 13]. Furthermore, deletion of Chop, which is 
downstream of PERK-eIF2α and involved in mediating a 
terminal UPR with induction of apoptosis, is protective in 
DSS colitis [14]. Finally, a forward genetic screen has identi-
fied two independent mutations in Muc2, the gene encoding 
the major mucin component, which result in spontaneous 
colitis development [15]. Misfolding of the large MUC2 
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protein has been demonstrated to cause ER stress, and 
unresolved ER stress is thought to drive the colitis in this 
model [15]. Altogether, these data demonstrate the close 
mechanistic relationship between unresolved ER stress and 
the induction and propagation of intestinal inflammation.

The identification of a coding polymorphism in the 
autophagy gene ATG16L1, which leads to an alanine for 
threonine substitution at amino acid position 300 
(ATG16L1T300A), exposed autophagy as a genetically 
affected mechanism involved in the pathogenesis of CD [16]. 
Despite its high prevalence in the general population (risk 
allele frequency in the Caucasian population is 52 %), 
ATG16L1T300A is indeed one of the strongest genetic risk 
factors of CD [2]. Macro-autophagy (herein further referred 
to as “autophagy”) is a fundamental biological process that 
describes the engulfment of intracellular content in double- 
layered membranes that form autophagosomes [17]. 
Autophagosomes fuse with lysosomes prompting the subse-
quent degradation of their content. Cargo that can be engulfed 
by autophagosomes includes any type of cytoplasmic con-
tent, organelles such as mitochondria (“mitophagy”), infec-
tious agents that have gained cytoplasmic access 
(“xenophagy”), and macromolecular complexes (e.g., 
inflammasomes) [17]. Lysosomal degradation of this cargo 
releases amino acids and other basic building blocks of life, 
and hence autophagy is a central catabolic process of the 
cell. Consistent with this, evolutionarily it is thought to have 
evolved as a response to starvation. The T300A variant is 
juxtaposed to a caspase-3 cleavage site, rendering the risk 
variant susceptible to caspase-3-mediated cleavage of 
ATG16L1. Hence, under conditions of caspase-3 activation, 
such as during metabolic stress, death receptor signaling, or 
intracellular infection, ATG16L1 protein is degraded via this 
mechanism, resulting in hypomorphic autophagy induction 
in risk variant carriers [18]. ATG16l1T300A is amongst the 
genetic risk factors with the largest effect size in Crohn’s 
disease, and it is indeed notable that the intracellular pattern 
recognition receptor NOD2, variants of which account for 
the largest fraction of heritability amongst all genetic loci 
associated with risk for inflammatory bowel disease (IBD) 
[2, 19, 20], can physically interact with ATG16L1, and this 
interaction is reciprocally impaired with ATG16L1 and 
NOD2 risk variants [21, 22]. Indeed it has been demonstrated 
that NOD2 is involved in induction of xenophagy upon intra-
cellular bacterial infection with for example Shigella and 
Salmonella species [21, 22]. Altogether, this implicates two 
of the strongest genetic risk factors of Crohn’s disease 
involved in autophagy and suggests that their function may 
be directly related to each other under certain conditions. In 
addition to ATG16L1 and NOD2, variants of additional genes 
which encode for proteins involved in autophagy confer risk 
for IBD. This includes IRGM [23], an immunity related 
GTPase which binds to cardiolipin and induces autophagy 

via a mechanism that involves mitochondrial fission [24, 25]; 
NDP52 [26], a receptor involved in specific autophagy [27]; 
and LRRK2, encoding a protein that acts as a signaling hub, 
and which also mediates an important regulatory function on 
autophagy [28]. Altogether, these genetic observations hint 
toward alterations in autophagy as a major theme in IBD, in 
particular CD.

Remarkably, hypomorphic function of ATG16L1 [29, 
30], NOD2 [31, 32], and LRRK2 [33] is associated with 
abnormalities in the secretory compartment of Paneth cells, 
both in murine genetic models and individuals and patients 
carrying risk alleles. As alluded to above, Paneth cells are 
specialized intestinal epithelial cells which reside at the base 
of small intestinal crypts, interspersed with crypt stem cells 
from which they differentiate and for which they provide the 
physiological niche [9]. Paneth cells are highly secretory 
cells with a characteristic elaborate granule network at their 
apical side that faces the crypt lumen. This granule network 
contains lysozyme and α-defensins (also known as crypt-
dins), with granules secreted into the crypt lumen, thereby 
thought to protect the crypt by keeping this locale sterile [9]. 
Secretion of antimicrobial peptides by Paneth cells exerts a 
protective function towards pathogens and profoundly affects 
the composition of the intestinal microbiota [34, 35]. It has 
been speculated that alterations in microbial ecology (“dys-
biosis”) imposed by host genetic alterations affecting Paneth 
cell function might play an important role in the pathogene-
sis of Crohn’s disease [36]. Indeed, alterations in the micro-
biota can indeed aggravate models of colitis exogenously 
induced via DSS [37], and specific constituents of the micro-
biota have an important role in the maturation and respon-
siveness of the mucosal (and indeed systemic) immune 
system [38]. However, since mice rendered genetically defi-
cient or hypomorphic for NOD2 [31], ATG16L1 [29, 30] or 
LRRK2 [33] function do not develop any form of spontane-
ous intestinal inflammation, the cause-effect relationship of 
such microbial alterations for the initiation or propagation of 
intestinal inflammation remains a critically important, unre-
solved question. The lack of spontaneous inflammation in 
these murine models is also an important reminder on the 
critical importance of—entirely unknown—environmental 
factors that trigger disease in genetically susceptible indi-
viduals. Consistent with this, only 1 in 20 individuals homo-
zygous for the NOD23020insC variant does actually develop 
Crohn’s disease [1].

Strikingly, hypomorphic function of ATG16L1 in healthy 
individuals and patients with CD carrying the ATG16L1T300A 
risk allele [39], or in mice with genetic deletion of Atg16l1 in 
the intestinal epithelium [10] is associated with evidence of 
ER stress at the base of their intestinal crypts in Paneth cells. 
Conversely, ER stress induced via genetic deletion of Xbp1 
in the intestinal epithelium causes autophagosome formation, 
again localized to Paneth cells [10]. The mechanism underlying 
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autophagosome formation involves the PERK–eIF2α–ATF4–
Chop branch of the UPR [10]. Pharmacological augmenta-
tion of autophagosome formation alleviates the superficial 
type of ileitis emanating from Xbp1 deletion in the intestinal 
epithelium, and this protective function is indeed only 
observable when autophagy function was intact in the intes-
tinal epithelium [10]. Importantly, mice carrying deletions in 
both Xbp1 and Atg16l1 (‘Atg16l1;Xbp1ΔIEC’) in their intes-
tinal epithelium spontaneously develop discontinuous, trans-
mural fissuring ulceration in their terminal ileum, which 
closely resembles the histological presentation of ileal CD 
[10]. Notably, no inflammation is observed in the colon. 
Altogether, these data suggest that autophagy serves an 
important function in relieving ER stress, and in its absence 
unresolved ER stress can trigger a disease phenotype origi-
nating from the epithelium that phenocopies ileal CD. In this 
context it is also notable that amongst clinical phenotypes, 
ATG16L1T300A is most strongly associated with ileal CD.

The intestinal epithelium and Paneth cells in particular 
appear particularly sensitive to the perturbations in their 
capacity to resolve ER stress. Protein folding is an energy- 
dependent process, profoundly influenced by perturbations in 
oxygen and nutrient (e.g., glucose) availability, which in 
itself might make the locale of the intestinal epithelium par-
ticularly susceptible. Furthermore, the cell’s protein folding 
capacity needs to strike a fine balance with the translational 
burden it experiences. A classic example is the transition of 
an activated B cells to a plasma cells with its associated vast 
expansion in ER and overall secretory apparatus, which is 
critically dependent on the UPR, in particular the IRE1-XBP1 
branch [40, 41]. Consistent with this notion are also data that 
demonstrate that infection and immune activation with the 
associated inherent increase in protein production burden due 
to activation of transcription factors requires a fully operative 
UPR [42, 43]. Finally, microbial metabolites have also been 
shown to directly affect UPR function. It is therefore intrigu-
ing to speculate whether environmental factors may play a 
role as triggers for ER stress in the intestinal epithelium [44]. 
Remarkably, UPR-associated genes have indeed been identi-
fied as associated with genetic risk for developing IBD. 
Specifically, rare variants of XBP1 have been associated with 
both forms of IBD [6], and several other genes (e.g., ORMDL3, 
LRRK2) have been prioritized as highly likely causative genes 
located at established IBD risk loci [2].

While the Atg16l1;Xbp1ΔIEC model system alluded to 
above demonstrates the critical role that autophagy has in 
restraining ER stress within the intestinal epithelium and 
hence the close interrelatedness of these fundamental bio-
logical mechanisms, it is critical to note that ATG16L1- 
dependent autophagy fulfills numerous other biological 
functions within the intestinal epithelium, and importantly 
also in a variety of other cell types. As an example, ATG16L1 
has been demonstrated to have an important role in the 

xenophagic response [45, 46], and also in the handling of 
intestinal infections. This function extends to adherent- 
invasive Escherichia coli (AIEC) [47], whose presence has 
been linked with ileal CD [48]. Impaired ATG16L1 function 
in myeloid cells leads to increased NLRP3 inflammasome 
activation with consecutive increased release of IL-1β and 
IL-18 [49]. Hypomorphic autophagy function has also been 
associated with perturbed thymic selection [50, 51], and with 
alterations in T cell receptor synapse formation of dendritic 
cells [52]. Undoubtedly, germ line variation in ATG16L1T300A 
might very likely involve multiple biological functions 
beyond restraining ER stress as described above, which con-
tribute to the pathogenesis of CD and the complex immune 
alterations associated with it.

In conclusion, autophagy and ER stress mechanisms have 
emerged as important and closely intertwined mechanisms, 
which can trigger small intestinal inflammation originating 
from the intestinal epithelium, and in particular Paneth cells, 
if perturbed. Insight into these mechanisms might open new 
therapeutic avenues that may be targetable in the context of 
precision medicine.
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Abbreviations

ADAM A Disintegrin and A Metalloproteinase-containing 
protease

CD Crohn’s disease
DSS dextran sodium sulfate
ECM extracellular matrix
IBD inflammatory bowel disease
Ig immunoglobulin
IL interleukin
JAM-A junctional adhesion molecule-A
MMP matrix metalloproteinase
MT membrane-bound
PGP proline–glycine–proline
TIMP tissue inhibitor of metalloproteinases
TNBS trinitrobenzene sulfonic acid
TNF tumor necrosis factor
UC ulcerative colitis

 Introduction

Matrix metalloproteinases (MMPs) belong to the protease 
superfamily of metzincins, which also includes snake venom 
MMPs and the adamalysins, also known as A Disintegrin 
and A Metalloproteinase-containing proteases (ADAMs) 
[1]. MMPs are structurally related, as they contain a catalytic 
domain with a highly conserved zinc-binding sequence 
essential for their action, and a pro-domain, which maintains 
the enzyme in inactive form and is cleaved by trypsin, plasmin, 

plasminogen or active MMPs during the activation process 
[2]. MMPs can collectively degrade all extracellular matrix 
(ECM) components [3] and, according to their main sub-
strates, have been traditionally classified as collagenases, 
such as MMP-1 (collagenase 1), MMP-8 (collagenase 2) and 
MMP-13 (collagenase 3); gelatinases, including MMP-2 
(gelatinase A) and MMP-9 (gelatinase B); stromelysins, 
such as MMP-3 (stromelysin 1), MMP-10 (stromelysin 2) 
and MMP-11; matrilysins, including MMP-7 and MMP-26; 
macrophage metalloelastase (MMP-12) [4]. The majority of 
MMPs are released into the ECM, whereas membrane-bound 
(MT)-MMPs are activated intracellularly by furin and subse-
quently anchored to the cell surface by a transmembrane 
domain [5]. MMPs can be produced by most immune and 
non immune cells, including macrophages, neutrophils, T 
cells, mast cells, epithelial cells, and mesenchymal cells [6]. 
Similar to MT-MMPs, ADAMs are transmembrane metallo-
proteinases, and are centrally implicated in ectodomain 
shedding of molecules such as cytokines, cytokine receptors 
and growth factors [7]. In inflammatoryss bowel disease 
(IBD) there is a marked upregulation of mucosal MMPs and 
other proteolytic enzymes [6]. MMPs contribute to mucosal 
lesions in IBD not only by their broad tissue-degrading 
actions on ECM substrates, but also by their recently investi-
gated specific effects on non-matrix substrates, such as inter-
cellular junctions, cytokines/chemokines and therapeutic 
antibodies (Table 13.1).

 The Diverse Range of MMP Substrates 
and Targets

 ECM Components

In physiological conditions, controlled expression of MMPs 
plays a central role in ECM turnover and wound healing 
after injury. In this setting, MMPs exert their actions on 
different constituents of the ECM, thereby regulating key 
pathways of tissue repair, such as re-epithelization and 
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angiogenesis. In particular, MMP-1, MMP-7, and MMP-10 
modulate enterocyte migration and re-epithelialization 
through their action on collagens I–V, elastin, laminin, and 
fibronectin. MMP-3, produced by subepithelial myofibro-
blasts, degrades laminin and collagens IV, V, IX, and X, and 
is centrally involved in scar formation and consequent tissue 
remodeling [8]. On the other hand, increased levels of 
MMPs—such as MMP-1, MMP-2, MMP-3, MMP-8, MMP-
9, MMP-10, MMP-12, and MT1-MMP—can degrade ECM 
components such as the collagen subtypes, fibronectin, gela-
tin, proteoglycans, laminin, elastin, chondroitin sulfate, and 
aggrecan and plays a central role in tissue injury during 
inflammation [9].

 Intercellular Junction Proteins

MMPs and other extracellular or transmembrane proteases 
play a central role in the regulation of mucosal barrier functions 
by exerting specific effects on intercellular junction proteins. 
MMP-7, Bacteroides fragilis enterotoxin and Enterococcus 

faecalis gelatinase E can degrade the epithelial adherens junc-
tion protein E-cadherin [10–12]. Interestingly, the transmem-
brane proteases matriptase and ADAM19 co- localize 
respectively with E-cadherin in the apical junctional complex 
and with zonula occludens-1, a tight junction- associated pro-
tein, on epithelial cell membrane; knockdown of matriptase 
results in claudin-2 overexpression and an increase in epithelial 
permeability [13–15]. Addition of mast cell tryptase (a serine 
protease) to gut epithelial cell lines results in a marked decrease 
in expression of junctional adhesional molecule-A (JAM-A), 
claudin-1, and zonula occludens-1 and a substantial reduction 
in epithelial permeability [16].

 Cytokines/Chemokines

It is becoming increasingly clear that MMPs exert an important 
influence on the mucosal immune response by specifically 
cleaving cytokines and chemokines. MMP-7, MMP-12, and 
MMP-13 can cleave and convert transmembrane tumor 
necrosis factor (TNF)-α into soluble TNF-α [17]. MMP-2, 

Table 13.1 Substrates and targets of MMP action

Type of substrate/target Molecule/species MMPs Effect

ECM components Collagen I–IV MMP-1, MMP-3, MMP-7, MMP-8, 
MMP-10, MMP-12, MMP-13, 
MT1-MMP

Degradation

Collagen V MMP-1, MMP-3, MMP-8, MMP-13 Degradation

Collagen IX MMP-1, MMP-3, MMP-8, MMP-13 Degradation

Collagen X MMP-3 Degradation

Elastin MMP-2, MMP-7, MMP-12 Degradation

Laminin MMP-2, MMP-3, MMP-7, MMP-9, 
MMP-10, MMP-12

Degradation

Fibronectin MMP-2, MMP-3, MMP-7, MMP-10, 
MMP-12, MT-MMP-1

Degradation

Gelatin MMP-2, MMP-9, MMP-10, MMP-13, 
MT1-MMP

Degradation

Proteoglycan MMP-3, MMP-7, MMP-10 Degradation

Chondroitin sulfate MMP-12 Degradation

Aggrecan MMP-2, MT1-MMP Degradation

Intercellular junction proteins E-cadherin MMP-7, enterotoxin, gelatinase E Degradation

Cytokines/chemokines Pro-IL-1β MMP-2, MMP-3, MMP-9 Activation (by cleavage)

IL-1β MMP-3 Inactivation (by cleavage)

mTNF-α MMP-7, MMP-12, MMP-13 Conversion into soluble TNF-α
CXCL5/CXCL6 MMP-8 Activation (by cleavage)

CXCL8 (IL-8) MMP-9 Activation (by cleavage)

CCCL7 MMP-2 Inactivation (by cleavage)

CXCL1 MMP-7 Generation of a chemotactic gradient by 
cleavage of CXCL1 ligand syndecan-1

Antibodies IgG1 MMP-3, MMP-7, MMP-12 Cleavage

Bacteria Staphylococcus aureus MMP-12 Inhibition

Escherichia coli MMP-12 Inhibition

Citrobacter rodentium MMP-3 Increased clearance via regulation of  
T cell migration

CCCL7 CC-chemokine ligand, CXCL CXC-chemokine ligand, ECM extracellular matrix, Ig immunoglobulin, IL interleukin, MMP matrix 
metalloproteinase, MT membrane-bound, m transmembrane, TNF tumor necrosis factor
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MMP-3, and MMP-9 activate pro-interleukin (IL)-1β; how-
ever, MMP-3 can also inactivate the mature form of IL-1β 
[18, 19]. MMP-8 and MMP-9 activate by cleavage the che-
mokines CXCL5/CXCL6 and CXCL8 (IL-8) respectively, 
thereby promoting leukocyte recruitment at the site of dam-
age, whereas MMP-2 degrades and inactivates CC-chemokine 
ligands [20]. Finally, MMP-7 can generate a chemotactic 
gradient by cleaving from the epithelial cell surface the pro-
teoglycan syndecan-1, the ligand for the neutrophil chemoat-
tractant CXCL1 [21].

 Antibodies

Several MMPs can clip human immunoglobulin (Ig)G1 in the 
hinge region, releasing single-chain Fc monomers. As a result 
of MMP action, IgG1 can therefore become a single- cleaved 
intermediate with a single heavy chain or a F(ab′)2 when both 
the chains forming the Fc are cleaved (Fig. 13.1) [22]. In par-
ticular, MMP-3 and MMP-12 clip IgG1 at the same point on 
the lower hinge, next to the MMP-7 cleavage site, and there is 
a Thr-His neutrophil elastase cleavage site in the upper hinge 
of IgG1 [23]. We have recently shown that MMP-3 and MMP-
12 can differentially cleave TNF-α neutralizing agents, and 
this mechanism may contribute to lack of response to biologic 
treatment [24]. In particular when etanercept, a TNF-α recep-
tor-IgG Fc fusion protein is cleaved with MMPs, it loses its 
ability to neutralize TNF-α [24].

 Bacteria

Specific intestinal MMPs can exert direct or indirect bactericidal 
properties. In particular, MMP-12 has a direct inhibitory 
effect on Staphylococcus aureus and Escherichia coli [25], 

whereas MMP-7 promotes bacterial killing by activating 
α-defensins within Paneth cells [26]. Clearance of Citrobacter 
rodentium is delayed in MMP-3−/− mice due to impaired 
migration of CD4+ cells in the lamina propria [27]. 
Interestingly, the acidic protease cathepsin K has potent anti-
microbial activity, and it has been shown that cathepsin K 
null mice are more prone to developing dextran sodium sul-
fate (DSS) colitis, whereas intrarectal cathepsin K adminis-
tration improves DSS colitis [28].

 Role of MMPs in IBD

In the normal intestinal mucosa, various pathways, including 
inhibition of MMP activity by the four tissue inhibitors of 
metalloproteinases (TIMP1-4) and differential transcription, 
activation, and substrate availability, maintain MMP activity 
in a tightly regulated balance, necessary for physiological 
tissue renewal [4]. The balance between tissue levels of 
MMPs and their inhibitors is a major determinant in the for-
mation of ulcers in the gut. Excessive immune activity and 
increased cytokine concentrations drive epithelial injury and 
mucosal lesions in ulcerative colitis (UC) and the transmural 
lesions in Crohn’s disease (CD) [29, 30]. Dysregulation of 
MMP expression and activity in IBD mucosa has been 
repeatedly and consistently reported in several studies [8]. 
MMP-1, MMP-2, MMP-3, MMP-7, MMP-8, MMP-9, 
MMP-10, MMP-12, MMP-13, and MT1-MMP are all upreg-
ulated in IBD inflamed mucosa [8, 9]. Overexpressed 
epithelial- derived MMP-7 can disrupt the gut mucosal bar-
rier, and a similar effect is exerted by MMP-9. The latter is 
normally produced at very low levels by macrophages and 
neutrophils, whereas in intestinal inflammation epithelial 
cells produce high amounts of MMP-9 levels, which corre-

late with disease activity in IBD [9, 31]. MMP-1, MMP-3, 

F(ab’)2

Fc(m)

scIg

F(ab’)

Fc
Hinge

IgG1

MMP-3
MMP-12

Anti-hinge
autoantibody

Fc(m)

Fig. 13.1 Sequential proteolytic cleavage of IgG1 by MMP-3 and 
MMP-12 promotes the development of anti-hinge autoantibodies. 
Several MMPs can cleave human IgG1 near the hinge region, thereby 
exposing immunogenic amino acid sequences. In particular, human 
IgG1 have a Pro-Glu scissile bond in the lower hinge susceptible to 
cleavage by MMP-3 and MMP-12, which act in a sequential manner by 
removing first a single chain 32 kDa Fc monomer (Fc(m)), with the 

formation of a single-cleaved intermediate (sc)Ig. Subsequently, 
MMP-3 and MMP-12 cleave the second single chain Fc(m), with the 
formation of a F(ab′)2. The exposure of the resulting neo-epitope on the 
hinge region promotes the formation of anti-hinge autoantibodies, 
which may be relevant in the mucosal immune response in the context 
of upregulated MMP expression such as in IBD
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MMP-12, and MMP-13, produced by stromal and immune 
cells in the lamina propria, are highly expressed in the prox-
imity of intestinal ulcers in IBD [32–34]. Interestingly, in 
IBD high levels of MMP-3 are also produced by long-lived 
lamina propria IgG plasma cells [35]. Elastinolytic activity is 
higher in biopsies from patients with IBD compared to con-
trol subjects, suggesting that the serine protease neutrophil 
elastase may play an important role in tissue degradation 
particularly in inflamed UC mucosa, where there is abundant 
infiltration by neutrophils [36]. Unexpectedly, MMP-28 
(epilysin) is reduced in the inflamed mucosa of UC patients, 
possibly as epithelial cells are the main cellular source of 
MMP-28 [37], however the substrates of MMP-28 are still 
not clear. The trypsin-like transmembrane serine protease 
matriptase, that is expressed in the apical junctional complex 
of epithelial cells and plays a central role in maintaining the 
integrity of the gut barrier, is also reduced in IBD mucosa 
[38]. There is however considerable heterogeneity in the 
MMP mucosal expression profile in different IBD patients, 
which requires further investigation.

The contribution of MMP upregulation to the induction of 
gut lesions in IBD has been studied in various experimental 
models. Culture of human fetal gut explants with nanomolar 
concentrations of recombinant human MMP-3 causes tissue 
destruction in 24 h, and can be prevented by the addition of 
an MMP-3 inhibitor to the culture [39]. Most pro- 
inflammatory cytokines centrally involved in IBD pathogen-
esis have an important influence on MMP and TIMP 
expression. For instance, IL-1β, IL-17A, and TNF-α induce 
an increase in MMP-3 and MMP-12 expression, but also 
TIMP-1 expression by intestinal myofibroblasts cultured 
in vitro [40, 41]. The study of MMP knockout mice has pro-
vided useful insights into the in vivo effect of MMPs in intes-
tinal inflammation. While deletion of MMP-9 protects mice 
from DSS- and trinitrobenzene sulfonic acid (TNBS)-
induced colitis, MMP-2 and MMP-10 knockout mice are 
more susceptible to DSS colitis [42–44]. This suggests that 
different MMPs may have opposite effects on the gut barrier 
and on tissue disruption in intestinal inflammation. Recently, 
it has been shown that the combined action of MMP-8, 
MMP-9 and prolyl-endopeptidase generates collagen cleav-
age products, such as the tripeptide proline–glycine–proline 
(PGP) and its acetylated form N-acetyl-PGP, with chemoat-
tractive effects on neutrophils, and that PGP is increased in 
IBD mucosa [45]. Of note, TIMP-3, the endogenous inhibi-
tor of ADAM17, also known as TNF-α converting enzyme 
due to its ability to cleave transmembrane TNF-α into solu-
ble TNF-α, is downregulated in CD mucosa, resulting in 
increased ADAM17 activity and increased TNF-α shedding 
from the cell membrane [46].

While intestinal lesions are limited to the mucosa in UC, 
repeated cycles of tissue damage and abnormal repair in CD 
may be accompanied by the development of transmural 

complications such as fistulae and/or fibrotic strictures. Both 
these lesions are characterized by aberrant ECM turnover 
and dysregulated MMP expression. In particular, MMP-2, 
MMP-3, and MMP-9 are highly overexpressed in CD fistu-
lae [47], whereas MMP-3 and MMP-12 are downregulated 
in the mucosa overlying intestinal strictures in CD [48]. 
Additionally, blocking the pro-fibrotic cytokine transform-
ing growth factor (TGF)-β increases MMP-12 production by 
intestinal myofibroblasts [48].

The central involvement of MMPs in IBD points to this 
class of proteolytic enzymes as a potentially attractive thera-
peutic target. Indeed, broad-spectrum MMP inhibitors, such 
as marimastat and batimastat, ameliorate DSS colitis [8], 
however lack of selective compounds, together with proba-
ble toxicity due to the ubiquitous expression and the impor-
tant physiological functions of MMPs, limit targeting MMPs 
to treat intestinal inflammation. More interestingly, selective 
neutralization of MMP-9 using a monoclonal antibody has 
been shown to effectively reduce the severity of DSS colitis 
[49], and recently a humanized anti-MMP-9 monoclonal 
antibody has entered a phase I clinical trial in UC [50]. 
Finally, the adamalysin ADAM17 has traditionally been 
considered as an inappropriate target because of its wide 
range of substrates and the fact that most mutant null mice 
die before or soon after birth. However, humans are more 
resilient than mice, and the identification of an adult indi-
vidual who is a functional ADAM17 knockout suggests that 
this protease should be reexamined as a therapeutic target in 
chronic inflammatory conditions [51].

 Use of MMPs as Biomarkers in IBD

Since MMPs are consistently upregulated in IBD inflamed 
mucosa, measurement of fecal and serum levels of MMPs 
has been recently explored as a noninvasive diagnostic tool 
for IBD. Fecal MMP-9 is upregulated and correlates with 
fecal calprotectin in UC, and has shown promising potential 
to separate IBD from non-IBD patients in a pediatric 
 population [52, 53]. More recently, a prospective study in 
adult IBD showed that fecal MMP-9 correlates with fecal 
calprotectin and endoscopic activity in UC and pouchitis, but 
not in CD [54]. The EMBARK study [55], which analyzed 
various different biomarkers in IBD, showed that active 
intestinal inflammation is associated most strongly with 
increased serum MMP-9 and fecal calprotectin for UC, and 
with raised serum MMP-9, serum IL-22, and fecal calprotec-
tin for CD. Also serum levels of MMP degradation products 
may be promising biomarkers in IBD. In particular, frag-
ments of MMP-degraded vimentin and type III collagen are 
elevated in IBD and have shown potential to discriminate UC 
patients from CD patients and control subjects [56]. In addition 
to degrading ECM components and therapeutic antibodies, 
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MMPs can also cleave endogenous IgG1. The consequent 
exposure of the hinge region on cleaved IgG is immunogenic 
and leads to the formation of anti-hinge autoantibodies [57]. 
In our pilot study on a small cohort of patients, we observed 
that patients with active IBD and IBD patients who do not 
respond to biologic therapy have higher serum levels of 
MMP-3/MMP-12-cleaved IgG and anti-hinge autoantibodies 
compared to control subjects and responders [24].

 Conclusions

There is no doubt that MMPs and their inhibitors are criti-
cally important as the end-stage effectors of immune- 
mediated injury in IBD. At the same time, epithelial 
expression of MMPs such as MMP-7 is important in epithe-
lial restitution and healing after injury. Inhibitors of MMP-1, 
MMP-3, MMP-10, and MMP-12 would undoubtedly be 
therapeutic in IBD, but unfortunately the lack of selectivity 
and the disruptive effects on homeostatic remodeling pre-
clude their use. Some consideration however is being made 
to generating neutralizing and highly specific monoclonal 
antibodies to selectively target the various MMPs. Although 
it has been appreciated for many years that MMPs have non- 
matrix substrates, the authors’ own recent work has identi-
fied that some biologic agents lose function when cleaved by 
MMPs, suggesting that engineering antibodies or Fc-receptor 
fusion proteins in order to eliminate cleavage sites may lead 
to a new generation of therapeutics [24]. In addition, the neo- 
epitope exposed upon MMP cleavage onto the hinge region 
of both biologic agents and IgG stimulates IgG autoantibody 
formation [56], so there is the possibility in vivo that biologic 
agents cleaved by MMPs are restored to intact antibodies and 
indeed perhaps to dimers by these autoantibodies.
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 Introduction

Inflammatory bowel disease (IBD) may occur only once in a 
patient’s lifetime, but often it recurs and becomes refractory 
[1]. This feature suggests “pathogenic memory” that hints 
the importance of acquired immunity in the pathogenesis of 
IBD. Therefore, helper T (Th) cells differentiated from CD4+ 
naïve T cells play central roles in the acquired immune sys-
tem. Thus, each Th cell subset secretes various cytokines, 
which activate other immune cells. Original Th cell subsets 
only included type 1 (Th1) or type 2 (Th2). Subsequent rec-
ognition of regulatory T cells (Treg), which regulates effec-
tor T cell functions negatively, and Th17 cells added to the 
complexity of the system [2].

The effectiveness of monoclonal antibody against TNF-α, 
which is one of the proinflammatory cytokines secreted by 
several Th subsets as well as macrophages, for the treatment 
for both Crohn’s disease (CD) and ulcerative colitis (UC) has 
changed natural history of IBD pathogenesis [3]. This has 
encouraged many scientists to develop more effective thera-
pies targeting other T cell activation pathways. Furthermore, 
Th17 has also been highlighted in the pathogenesis of IBD 
due to significant association between the genetic polymor-
phisms in the Th17/IL-23 pathway. In this section, the role of 
each Th subset in the pathogenesis of IBD is discussed since 
this will be the fundamental basis for the future development 
of IBD treatment.

 Differentiation of Helper T Cells

When CD4+ T cells are developed in thymus and migrated to 
the peripheral tissues, they are called naïve T cells, which 
secret minimal cytokines and no efficient effector function. 
However, they are activated when specific antigens are pre-
sented to their T cell receptors (TCR) via antigen presenting 
cells (APC) through MHC class-II with co-stimulatory signal-
ing. Moreover, cytokines in the environment where the anti-
gen presentation occurs determine the polarization of these Th 
cells. Thus, expression of the specific transcription factors 
such as T-bet, GATA-3, and retinoic acid receptor- related 
orphan receptor (ROR-γτ) is induced in these cells. Such an 
event allows naïve T cells to differentiate into various Th cells 
that secrete characteristic type of cytokines [4] (Fig. 14.1).

 Th1 Differentiation

Classically, helper CD4+ T cells were classified as Th1 or Th2. 
Th1 cells differentiate in the presence of IL-12 and secrete 
IFN-γ, TNF-α, and IL-2. Th1 cells play an important role in the 
cellular immunity against tumors and intracellular viral and/or 
bacterial infections. IL-12 is secreted by APC such as macro-
phages and dendritic cells (DC). IL-12 activates STAT4 path-
way through IL-12 receptor (IL-12R) signaling and T-bet, a 
transcription factor which promotes specific gene expression 
profile including IFN-γ. This expression of IFN-γ is also one of 
the important factors for Th1 differentiation, because such dif-
ferentiation can be inhibited by IFN-γ neutralization according 
to in vitro experiments. However, T-bet, a member of the T-box 
family, is thought to be the master regulator of the Th1 dif-
ferentiation. While artificial transduction of T-bet in polarized 
Th2 cells converts them into Th1 cells, its absence causes 
disorder of Th1 differentiation in vitro and in vivo. T-bet 
prompts IL-12R expression and activates IFN-γ gene, which 
results in a positive feedback of Th1 polarization [4, 5].
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 Th2 Differentiation

Th2 cells are differentiated in the presence of IL-4 when spe-
cific antigens are presented to their TCR by APC, and these 
cells then start to secrete IL-4, IL-5, and IL-13. Th2 cells 
play an important role mainly in humoral immunity against 
parasites and some allergens. IL-4 activates STAT6 pathway 
through IL-4 receptor (IL-4R) signaling and promotes 
expression of GATA-3, which is a master regulator of the 
Th2 differentiation. In the absence of GATA-3, Th2 develop-
ment is inhibited in vitro and in vivo, while transduction of 
GATA-3 in the polarized Th1 cells results in IL-4 secretion. 
GATA-3 induces IL-4 gene expression, which forms a posi-
tive feedback of Th2 polarization. IL-12 inhibits Th2 polar-
ization, while IL-4 inhibits Th1 differentiation, which makes 
these subsets reciprocal [4, 5].

 Th17 Differentiation

Th17 cells have been reported to produce L-17A, IL-17F, 
IL-21, IL-22, and TNF-α, and these cells play an important 
role in the protective immunity against the extracellular 
pathogens such as bacteria [6]. Th17 cells are differentiated 
in the presence of IL-6 and TGF-β at the antigen presentation 
through the expression of RORγt. While TGF-β drives Smad 
signaling, IL-6 activates STAT3 pathway, which promotes 
the expression of RORγt [2]. RORγt, a transcription factor 
expressed on double positive (DP) T cells in the thymus and 
type 3 innate lymphoid cells (ILC3), is thought to be the 
master regulator of Th17 differentiation. Transduction of 
RORγt to CD4+ T cells results in significant IL-17A secre-
tion, while depletion in Th17 cells results in decreased 
IL-17A production. In addition to RORγt, Th17 cells may 
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Fig. 14.1 Differentiation of helper CD4+ T cells. When antigens spe-
cific for their own TCR are presented to naïve T cells by APC through 
MHC class-II/TCR signal with co-stimulatory signals, naïve T cells dif-
ferentiate to helper T cells, which secrete characteristic types of cyto-
kines and express specific transcription factors. Cytokines in the 
environment where the antigen presentation occurs determine the polar-
ization of these helper T cells. Th1 cells differentiate in the presence of 
IL-12, and secrete IFN-γ, TNF-α, and IL-2. IL-12 activates STAT4 
pathway through IL-12R and promotes T-bet, which is a master regula-
tor for the Th1 differentiation. Th2 cells differentiate in the presence of 
IL-4, and secrete IL-4, IL-5, and IL-13. IL-4 activates STAT6 pathway 
through IL-4R and promotes GATA-3, which is a master regulator of 
the Th2 differentiation. Th17 cells produce L-17A, IL-17F, IL-21, 
IL-22, and TNF-α. Th17 cells differentiate in the presence of IL-6 and 
TGF-β, through the expression of ROR-γt, which is a master regulator 
of Th17. While TGF-β drives Smad signaling, IL-6 activates STAT3 

pathway, which promotes the expression of RORγt. IL-21 is an impor-
tant cytokine for the amplification of Th17, while IL-23 is important for 
their stabilization. Th9 cells differentiate in the presence of TGF-β and 
IL-4, and secrete IL-9. IL-9 expression in these cells is regulated by 
transcription factors such as PU.1, STAT6, Batf, GATA3, and IRF4. 
Particularly, PU.1, which is induced by TGFβ, is thought to be a master 
regulator for Th9, and inhibits the development of Th2. Th22 cells dif-
ferentiate in the presence of IL-6, TNF, and FICZ, and secrete IL-22, 
but not IL-17. FICZ activates AHR, which is thought to be a master 
regulator for the Th22 differentiation. Th22 cells are also known to pro-
duce IL-13 and FGF. On the other hand, TGF-β is known to suppress 
Th22. iTreg is derived from naïve T cells in the presence of TGF-β and 
the absence of IL-6 through the expression of Foxp3. RA and IL-2 pro-
mote iTreg differentiation. In addition, IL-2 is an important survival 
factor for Treg. On the other hand, IL-6 prevents iTreg differentiation 
and promotes Th17 differentiation
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also express RORα, which is upregulated by STAT3 pathway. 
RORα deficient mice are still able to produce normal level of 
IL-17A, while RORγt deficient mice have impaired produc-
tion of IL-17A. However, IL-17A production in RORγt defi-
cient mice is dependent on the expression of RORα, and thus 
RORα and RORγt double deficient mice cannot produce any 
IL-17A [7]. In addition, IL-21 is also important cytokine for 
the differentiation of Th17. IL-6 promotes the production of 
IL-21 from Th17 cells independent of RORγt, and subse-
quently IL-21 upregulates the expression of RORγt through 
the activation of STAT3 pathway. This process forms a posi-
tive feedback in the Th17 differentiation and is thus called 
“amplification”. Therefore, it is necessary for the amplifica-
tion of Th17 cells although IL-21 is not essential for h17 
polarization. In fact, IL-21 deficient mice show a reduction 
in the number of Th17 cells [8]. IL-23 is also important for 
the Th17 pathway. However, IL-23 receptor (IL-23R) is not 
originally expressed on naïve T cells. TGF-β signal mediates 
IL-23R expression on Th17 cells, which makes them respon-
sive to IL-23. IL-23 is essential to the maintenance of the Th17 
phenotype in long-term cultures. Therefore, the effect of IL-23 
on Th17 is defined as “stabilization” [8]. IL-23 is highly 
expressed in mucosa of human ileum, and there are many 
Th17 cells in the human GALT. These Th17 cells play an 
important role for protective immunity against intestinal 
pathogens. Intestinal microbiota is essential for the develop-
ment of Th17, since mice in germ-free condition show 
decreased number of Th17 cells [9].

 Treg Differentiation

Regulatory T cells (Treg) play a crucial role in peripheral toler-
ance to prevent autoimmune disease development and chronic 
inflammation. Thus, Treg is one of the CD4+ T cell subsets that 
inhibit other Th cells, and this subset consists of two distinct 
subpopulations, naturally occurring Treg (nTreg) and induced 
Treg (iTreg) [10]. While nTreg is generated during T cell devel-
opment in the thymus, iTreg is differentiated from naïve T cells 
in the peripheral tissues during an immune response.

In the thymus, nTreg is identified as CD4+CD25+ auto- 
reactive T cells expressing TCR specific for auto-antigens. 
Although CD25 (also known as IL-2Rα chain) was previ-
ously thought to be an activation marker of effector T cells, it 
is notably expressed on nTreg in response to auto-antigens. 
nTreg may also express GITR and CTLA-4, as well as Foxp3 
which is thought to be the master regulator of nTreg. Genetic 
depletion of Foxp3 leads to various autoimmune disease and 
chronic intestinal inflammation similar to that of IBD. 
Furthermore, induction of Foxp3 to CD4+ T cells causes 
inhibition of effector T cells [10].

The other Treg subset, iTreg, may be derived from periph-
eral naïve T cells in the presence of TGF-β and the absence 
of IL-6 through the expression of Foxp3. It is believed that 
retinoic acid (RA) and IL-2 promote iTreg differentiation. 
IL-2 is especially important for the survival factor of Treg. 
On the other hand, IL-6 prevents iTreg differentiation and 
promotes Th17 differentiation instead [4–6, 10]. In this man-
ner, IL-6 may be an important cytokine that regulates the 
balance between Treg and Th17. However, these findings are 
according to in vitro assays, and whether they can be applied 
in vivo is still largely unknown.

 Role of Each Th Subset in IBD Models

In the past, CD was originally thought to be a Th1-mediated 
disease, while UC was Th2-mediated. Accordingly, the 
pathogenesis of animal models of IBD was understood to 
be either Th1- or Th2-mediated intestinal inflammation. 
However, many studies have already demonstrated that 
both Th1 and Th2 conditions can exist in most of animal 
models (Table 14.1) as well as IBD patients (Table 14.2). 
Moreover, recent studies also showed plasticity of Th cells 
differentiating into other subsets. Also, newly defined Th 
subsets, such as Th9 and Th22, have been added to the mix 
(Fig. 14.1).

 Th1 in Animal Models

It is known that naïve T cells derived from wild type mice 
can be differentiated into colitogenic effector T cells after 
transferring to the recipients such as RAG-deficient and 
SCID mice. Chronic colitis in this animal model was origi-
nally thought to be induced by Th1 inflammation. Thus, it 
has been reported that naïve T cells from T-bet deficient mice 
are unable to induce colitis in the recipient RAG-deficient 
mice, and the overexpression of T-bet in naive T cells results 
in exacerbation of colitis [11]. In addition, naïve T cells from 
STAT4 deficient mice cause less severe colitis in the recipi-
ents [12]. On the other hand, it is known that the lack of IL10 
gene results in spontaneous chronic colitis which was also 
thought to be Th1-mediated. In fact, administration of antag-
onistic antibody against IFN-γ abrogates colitis in IL-10 
deficient mice as well as T cell-reconstituted RAG-deficient 
mice [13, 14]. However, naïve T cells from IFN-γ deficient 
mice may induce colitis [12]. Furthermore, IL-10 and IFN-γ 
double-deficient mice develop colitis equally as IL-10 defi-
cient mice when they are infected with H. hepaticus [15]. 
These findings suggest that IFN-γ may not be essential for 
the development of colitis in these models.
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 Th2 in Animal Models

While Th1 plays important role in the pathogenesis of most 
animal models of IBD, there are few IBD models that are 
thought to be Th2 related [16]. Oxazolone-induced colitis, 
one of the models induced by haptens, reveals acute inflam-
mation limited to colonic mucosa lasting for 4–5 days [17]. 
CD4+ T cells in the intestinal mucosa in oxazolone-treated 
mice produce large amounts of Th2 cytokines such as IL-4 
and IL-5. Therefore it is believed that Th2 cells plays an 
important role in this model [17], while CD4+ T cells in 
TNBS-induced colitis model, which is also hapten-induced, 
produce Th1 cytokines such as IL-2 and IFN-γ [18]. 
Neutralization of IL-4 can attenuate the severity of oxazolone- 
induced colitis [17]. When mice are exposed to oxazolone 
prior to the rectal administration, chronic inflammation is 
induced and production of IL-4 is increased in the early phase 
followed by IL-13 elevation in the chronic phase [18]. In this 

chronic model, it is reported that the main sources of IL-13 
are not only Th2 cells but also CD1d- restricted invariant NKT 
cells. In fact, either depletion of NKT cells or inhibition of 
CD1-restricted antigen presentation suppresses the develop-
ment of colitis in this model [19, 20].

 Th17 in Animal Models

IL-23 forms a heterodimer made of p19 subunit and p40 sub-
unit, which is also a subunit of IL-12. Therefore it was previ-
ously difficult to determine whether IL-12/Th1 or IL-23/
Th17 pathway was more critical in the pathogenesis in many 
animal models since the antibody used in these experiments 
targeted IL-12p40. In fact, it has been reported the increase 
of Th17 cells in several colitis models are IL-12 dependent 
[5]. For example, in both IL-10 deficient mice and T cell- 
reconstituted RAG deficient mice, both of which have been 
thought as Th1 models previously, CD4+ T cells producing a 

Table 14.1 Effector T cells involved in the pathogenesis of murine models of IBD

Animal models Type of Th Mechanisms

Dysfunction of intestinal epithelial barrier

DSS colitis Th1, Th2, Th17 Direct damage to epithelial barrier

Gαi2−/− Th1 Defect of intestinal epithelial barrier
Defect of regulatory B cells

Dysregulation of innate immune system

C3H/HeJBir Th1,Th17 Dysfunction of sensitivity of TLR

Dysregulation of acquired immune system

TNFαΔARE Th1 Overexpression of TNF-α
Activation of effector T cells

IL-7-Tg Th1 Overexpression of IL-7
Activation of effector T cells

T bet Tg Th1 Activation of effector T cells

STAT4 Tg Th1 Activation of effector T cells

Bone marrow-reconstituted Tgε26 Th1 Activation of effector T cells

TCRα−/− Th2 Activation of effector T cells

Dysfunction or decrease of Treg

T cell-reconstituted RAG-/- Th1, Th17 Decrease of Treg
Activation of effector T cells

IL-10−/− Th1, Th17 Dysfunction of Treg

TGFβ1−/−, TGFβR2−/− Th1 Decrease of Treg

IL2−/−, IL2R−/− Th1 Decrease of Treg

Smad3−/− Th1 Decrease of Treg

WASP−/− Th2 Dysfunction of Treg

Other mechanisms

TNBS colitis Th1, Th2, Th17 Increase of activated effector T cells
SJL/J mice: Th1, Th17
Balb/c mice: Th2

Oxazolone colitis Th2, NKT, Th9 Increase of activated effector T cells

SAMP1/Yit mutant mice Th1, Th2 Dysfunction of intestinal epithelial cells
Increase of activated effector T cells
Increase of activated B cells
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large amount of IL-17 are increased as well as IFN-γ producing 
cells [21, 22]. IL-23p19 transgenic mice develop colitis and 
systemic autoimmune disease [23]. Administration of 
recombinant IL-23 exacerbates colitis in RAG deficient mice 
that has with naïve T cells from IL-10 deficient mice [22]. 
Genetic depletion or neutralization of IL-23p19 ameliorates 
colitis in both IL-10 deficient and T cell-transferred RAG 
deficient mice [22, 24]. IL-21 is important for the amplifica-
tion of Th17 cell, and IL-21 depletion can ameliorates DSS 
colitis and TNBS colitis [25]. These observations suggest 
that Th17/IL-23 is more important than IL-12/Th1 in the 
pathogenesis in this model.

IL-17, including various subtypes such as IL-17A and 
IL-17F, is a main effector cytokine of Th17. However, the 
role of IL-17 in the pathogenesis of IBD is controversial, and 
there are different arguments that it exacerbates, ameliorates, 
or does not influence colitis. IL-17A deficient mice devel-
oped more severe colitis than wild type mice in the TNBS 
colitis model, and administration of antibody against IL-17A 
exacerbates colitis induced by DSS [26]. In addition, 
although IL-23 is not dispensable for the development of 
colitis in T cell-reconstituted RAG deficient mice, IL-17 is 
not essential [21]. IL-17A suppresses DSS colitis, while 
IL-17F accelerates colitis in this model [27]. Similarly, 
IL-17A suppresses colitis in T cell-transferred RAG defi-
cient mice, inhibiting the polarization of Th1 [28]. In sum-
mary, effects of IL-17 in colitis differ among the various 
colitis models or experimental methods such as genetic 
depletion or neutralization antibodies.

In the oxazolone colitis model, depletion of IRF-4, an 
important factor for the Th2 differentiation, can suppress 
colitis [29]. However, IRF-4 is also associated with the 
Th17 differentiation, and therefore the importance of Th17 
rather than Th2 cannot be excluded. In addition, it is known 
that depletion of IL-6, important factor for the differentia-
tion of Th17, leads to suppression of oxazolone colitis, sug-
gesting that Th17 may be critical in the pathogenesis of this 
model. Furthermore, recent studies reported that Th17 cells 
may trans-differentiate into Th1 or Treg [30, 31], and Treg 
cells may trans-differentiate into Th17 cells [32–34]. Taken 
together, further investigations are needed on Th17 functions 
in IBD.

 Th9 in Animal Models

The expression of a cytokine IL-9 was originally associated 
with Th2 phenotype such as the one during infection with 
Leishmania major. However, Th9, a specialized IL-9- 
producing T cell subset induced by IL-4 and TGFβ, has been 
recently reported [35–37]. In this subset, IL-9 expression has 
been reported to be regulated by transcription factors such as 
PU.1, STAT6, Batf, GATA3, and IRF4. Particularly, IL-9 

Table 14.2 Th subsets involved in the pathogenesis of UC and CD 
patients

CD UC

Th1

T-bet LP CD4+ T cells 
(mRNA)

↑ LP CD4+ T cells (mRNA) →

IL-12 LPMC
LP macrophages

↑
↑

LPMC →

IL-12R LPL ↑ not clear

TNF-α Inflamed mucosa 
(mRNA)
LP CD3+ T cells
LP macrophages

↑
↑
↑

Inflamed mucosa (mRNA)
LP CD3+ T cells
LP macrophages

↑
↑
↑

IFN-γ Inflamed mucosa
LP CD4+ T cells
PB CD4+ T cells

↑
↑
↑

Inflamed mucosa
PB CD4+ T cells

→
→

IL-2 LP CD4+ T cells
PB CD4+ T cells

↓
↓

LP CD4+ T cells →

IL-18 Intestinal mucosa
LPMC

↑↑
↑↑

Intestinal mucosa
LPMC

↑
↑

Th2

IL-4 LP CD4+ T cells ↓ LP CD4+ T cells ↓
IL-5 LP CD4+ T cells

PB CD4+ T cells
↓
→

LP CD4+ T cells
PB CD4+ T cells

↑
→

IL-13 LPL
PB CD4+ T cells

↑
→

LPL
PB CD4+ T cells

↑↑
→

Th17

RORγt LP CD4+ T cells 
(mRNA)

↑ LP CD4+ T cells (mRNA) ↑

IL-6 Inflamed mucosa 
(mRNA)

↑ Inflamed mucosa (mRNA) ↑

IL-17A Sera
LP CD3+ T cells
LP macrophages
PB CD4+ T cells

↑
↑
↑
↑

Sera
LP CD3+ T cells
LP macrophages
PB CD4+ T cells

↑
↑
↑
↑

IL-17F Inflamed mucosa 
(mRNA)

↑ Intestinal mucosa (mRNA) ↑

IL-21 Inflamed mucosa ↑↑ Inflamed mucosa ↑
IL-23 Inflamed mucosa 

(mRNA)
LP MC

↑↑
↑

Inflamed mucosa (mRNA)
LP MC

↑
↑

IL-23R LP CD4+ T cells 
(mRNA)

↑ LP CD4+ T cells (mRNA) ↑

Th9

IL-9 LP CD4+ T cells ↑ LP CD4+ T cells ↑↑
Th22

IL-22 LP CD4+ T cells ↑ LP CD4+ T cells ↓
Treg

FOXP3 Intestinal mucosa 
(mRNA)
LP CD4+
PB CD4+

↑
↓a

↓

Intestinal mucosa (mRNA)
LP CD4+
PB CD4+

↑
↓a

↓

IL-10 LP CD3+ T cells 
(mRNA)

→ LP CD3+ T cells (mRNA) ↑

TGF-β LP CD3+ T cells 
(mRNA)

→ LP CD3+ T cells (mRNA) ↑

LP intestinal lamina propria, LPL intestinal lamina propria lymphocytes
LPMC intestinal lamina propria mononuclear cells
PB peripheral blood, PBMC peripheral blood mononuclear cells
aCompared with other inflammatory disease such as diverticulitis
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transcription is controlled by PU.1, which is induced by 
TGFβ. Therefore, PU.1 is thought to be a master regulator 
for Th9 (Fig. 14.1). PU.1, which is encoded by Spi1 gene, is 
known to inhibit the development of Th2.

The exacerbation of colitis in the T cell-reconstituted 
RAG deficient mice by co-transfer of IL-10 and IL-9 double 
positive T cells with naïve T cells has been reported [35]. 
And recently, it has been reported that Th9 subset is also 
induced in the oxazolone-induced colitis model. 
Neutralization of IL-9 with antibodies or deficiency in PU.1 
results in amelioration of colitis [38]. IL-9 was found to have 
epithelial cells with impaired intestinal barrier function and 
poor mucosal healing.

 Th22 in Animal Models

IL-22 is known to be produced by Th17 cells. It is an inhibi-
tory cytokine unlike other Th17 cytokines. IL-22 is also pro-
duced by ILC3 including lymphoid inducer cells (LTi) and 
one of the NK cell subset. Recently it is reported that IL-22 
producing RORγt+NKp46+ cells play a critical role in the 
homeostasis of intestinal mucosal immune system. In addi-
tion, a newly defined Th subset called Th22 producing IL-22, 
but not IL-17, has been recently reported [39, 40]. Th22 cells 
are differentiated in the presence of IL-6, TNF and the tryp-
tophan metabolite 6-formylindolo [3,2-b] carbazole (FICZ), 
and secrete IL-22, but not IL-17. FICZ is known to be a natu-
ral ligand for aryl hydrocarbon receptor (AHR). AHR is a 
ligand-dependent transcription factor, and thought to be a 
master regulator for the Th22 differentiation (Fig. 14.1). 
Th22 cells are also known to produce IL-13 and fibroblast 
growth factor (FGF). On the other hand, TGF-β is known to 
suppress Th22 differentiation.

Either genetic depletion or neutralization of IL-22 exacer-
bates colitis in T cell-reconstituted RAG deficient and DSS- 
treated mice [41]. IL-22 not only prevents excess activation 
of immune system but also induces anti-apoptotic molecules 
in the intestinal epithelial cells to ameliorate epithelial dys-
function in colitis [42].

 Each Th Subset in IBD Patients

Th1 had been originally thought to play important roles in 
the pathogenesis of CD and Th2 in UC. However, it has also 
been reported that Th17 may be involved in the pathogenesis 
of CD and UC. In addition, significant associations between 
genomic regions of Th17/IL-23 pathway and IBD have been 
reported from genome wide association studies (GWAS) 
[43]. On the other hand, the roles of the newly defined 
Th9 and Th22 subsets in the pathogenesis of UC have been 
accumulating (Table 14.2).

 CD Patients

A large number of CD4+ T cells that highly express T-bet and 
STAT-4 have been found in the intestinal mucosa of CD 
patients [11, 44]. In fact, CD4+ T cells in the intestinal lam-
ina propria of CD patients produce a large amount of IFN-γ 
and lower amount of IL-4 when compared to that of healthy 
control [44]. Macrophages in the intestinal lamina propria of 
CD patients produce a large amount of IL-12 [45]. 
Lymphocytes in the intestinal lamina propria of CD patients 
express high levels of IL-12R, and produce a large amount of 
IFN-γ in response to IL-12 [46]. Although treatment with 
blocking antibody against IFN-γ has not been effective in 
CD patient, treatment of monoclonal antibody against 
IL-12p40 may be effective [47]. These data show that Th1 is 
also strongly associated with the pathogenesis of CD.

On the other hand, it is reported that IL-17A, IL-17F, 
IL-21, IL-22, IL-23, RORγt, and IL-23R are highly expressed 
in the intestinal mucosa of CD patients [4, 48]. Furthermore, 
a unique macrophage producing IL-23, TNF and IL-6 are 
found to be increased in the intestinal mucosa of CD patients 
[49]. IL-17 and IL-23 in CD patients decrease after treatment 
with steroids or neutralizing antibody against IL-12p40 [50]. 
As mentioned above, several GWAS proved significant asso-
ciations between the genomic regions of Th17/IL-23 pathway 
and IBD [43]. Although Th17 is believed to be an important 
factor in IBD development, human data are weak, and further 
studies are still needed.

 UC Patients

UC has traditionally been thought of as Th2-mediated, 
because IFN-γ in the colon of UC patients has always found 
to be very low. In UC patients, CD4+ T cells in the intestinal 
lamina propria secretes higher amount of IL-5 and IL-13 
compared to that of CD patients or healthy control [44, 51]. 
On the other hand, IL-4, the predominant Th2 cytokine, level 
in the intestine of UC is lower than that of CD patients or 
healthy control [44], and this suggests that UC cannot be 
defined as merely a Th2-mediated disease. Similarly to the 
oxazolone-induced colitis model, the main sources of 
IL-13 in the colonic mucosa of UC patients are CD1d- 
restricted invariant NKT cells. In fact, there are many NKT 
cells in the inflamed mucosa of UC patients [51]. However, 
the role of IL-13 and NKT cells in the pathogenesis of UC is 
not clear, and further investigations are still needed.

Th17 cytokines, such as IL-17A, IL-17F, IL-21, IL-22, 
IL-23, RORγt, and IL-23R, are highly expressed in the intes-
tinal mucosa of UC patients [4, 48]. Moreover, Th9 subset 
expressing the transcription factor PU.1 and IL-9, as well as 
the epithelial cells expressing IL-9R, has been recently 
reported in the patients with UC [38]. PU.1 expression is 
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known to be induced by TGF-β signaling. In addition, there 
is a reduced number of IL-22+ cells in actively inflamed tissue 
in UC patients despite increase of mono-IL-17- producing 
cells [40]. It is suggested that such decrease of Th22 cells is 
associated with increased TGF-β expression. This is consis-
tent with the finding that Th22 population was decreased in 
lamina propria mononuclear cell culture in vitro by stimula-
tion with recombinant TGF-β, whereas anti-TGF-β antibody 
increased IL-22 production. Loss of Th22 by increased 
TGF-β may be associated with alterations of mucosal micro-
biota in the inflamed colonic tissues of UC.

 Treg in Animal Models and IBD Patients

There are several animal models that relates to the impor-
tance of regulatory T cells for the homeostasis of intestinal 
mucosal immune system. Both CTLA4 deficient mice and 
Foxp3 deficient mice develop colitis, and transferring of 
Treg suppresses colitis in multiple IBD models [10]. These 
findings suggest that dysfunction or decrease in Treg may 
cause IBD.

The number of CD4+CD25+FOXP3+ T cells in the periph-
eral blood of both CD and UC patients is decreased when 
compared to that of the healthy control [52, 53]. On the other 
hand, the number of CD4+CD25+FOXP3+ T cells in intesti-
nal mucosa of both CD and UC patients is increased [53, 54]. 
Furthermore, these Treg from IBD patients can suppress 
effector T cells in vitro [54]. These findings of either decrease 
in the effector site or dysfunction of Treg are not observed in 
IBD patients, and thus they raise doubts regarding the impor-
tance of Tregs in the pathogenesis of IBD. However, as com-
pared with other intestinal inflammatory diseases such as 
diverticulitis, intestinal Treg in IBD patients is decreased 
[52, 53], and it is thought that there exists an imbalance 
between Treg and effector T cells in IBD patients.

IL-10 is one of the regulatory cytokines produced by 
Treg. It is known that IL-10 deficient mice develop colitis. 
Administration of recombinant IL-10 or transgenic overex-
pression of IL-10 suppresses colitis in T cell-reconstituted 
RAG deficient mice. In human, there is a strong association 
between polymorphism at IL10 locus and UC [55]. Rare 
alleles of IL10R locus associated with familial enterocolitis 
[56] have also been reported.

 Conclusion

Previously, anti-inflammatory and/or nonspecific immuno-
suppression drugs have been used to treat IBD. Recently, 
anti-TNF therapies including chimeric or humanized mono-
clonal antibody have advanced and revolutionized the disease 
management. The traditional Th1/Th2 paradigm is augmented 

by the discovery of other equally important cells and cytokines 
such as Treg, Th17, Th9, and Th22. Also, follicular helper 
T cell subset supporting the differentiation and immunoglob-
ulin secretion of B cells has been recently identified [57]. 
Definitions of such Th subsets have become more complex. 
However, understanding the role of each Th subset will 
accelerate the development of new IBD therapies.
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 Introduction

A number of different animal models have been used over 
the past 50 years to better understand the immunopathogen-
esis of autoimmune and chronic inflammatory diseases as 
well as to assess the therapeutic efficacy of new and poten-
tially more potent therapeutic agents. Retrospective meta- 
analyses of these preclinical studies report that very few of 
the promising, therapeutic studies were replicated in clinical 
trials [1–7]. A recent, non-exhaustive search of PubMed 
using mouse and colitis as search terms revealed ~6200 pub-
lished studies. The vast majority of these studies have 
focused on the use of mouse models of the inflammatory 
bowel diseases (IBD; Crohn’s disease, ulcerative colitis). 
This search also identified several hundred studies that have 
reported major anti-inflammatory properties of novel small 
molecules, biologics, genetic alterations or immune manipu-
lations using these mouse models of IBD. However, only a 
very small fraction of these promising results have been rep-
licated by other investigators and evaluated in clinical stud-
ies. Indeed, Valatas et al. have recently summarized the 
bench-to-bedside success rates of >50 novel small mole-
cules, biologics and cell-based therapies that have been 
reported to attenuate intestinal inflammation in different 
mouse models of IBD and have been or are currently being 
evaluated in large numbers of phase I–III clinical studies [8]. 
They report that of the numerous new targets and therapeutic 
strategies identified in preclinical studies, only two classes of 
novel therapeutics are currently approved for treatment of 
IBD (Reviewed in ref. [8]; http://wwwclinicaltrials.gov). 
Indeed, the newest of these therapies are new generation 

preparations of biologics that have been used for the past 
several years including monoclonal antibodies directed 
against TNF (e.g., infliximab, adalimumab, certolizumab, 
golimumab) or the integrins α4 or α4 β7 (e.g., natalizumab, 
vedolizumab). The reasons for the lack of translation of 
promising preclinical results to the clinics are not known 
with certainty; however, several possible factors may con-
tribute to this lack of bench-to-bedside transition.

One obvious reason for the lack of translation is the use 
of mouse models that do not recapitulate the chronic immu-
nopathology that is observed in human IBD. Currently, there 
are several dozen mouse models of intestinal inflammation 
with the large majority of these mice expressing acute or 
chronic colitis (Table 15.1) [1, 9–16]. A cursory survey of 
PubMed reveals that >2000 studies have been published 
using the two most popular, chemically-induced models of 
experimental colitis, i.e., dextran sulfate sodium (DSS) and 
trinitrobenzene sulfonic acid (TNBS) models. A large num-
ber of these studies have reported significant protective or 
anti-inflammatory activity of novel small molecules, biolog-
ics, immune manipulations or genetic alterations. Yet, few of 
these potential “targets” or therapeutic agents have been 
evaluated in animal models of chronic intestinal inflamma-
tion. When assessed in mouse models of chronic gut inflam-
mation, investigators have been unable to reproduce many of 
the promising anti-inflammatory results reported using the 
DSS or TNBS models of erosive, self-limiting colitis [1, 
17–21]. Examples of the disparity between preclinical 
studies using chemically induced models and clinical effi-
cacy can be found in studies describing the development of 
the different leukotriene B4 receptor antagonists and 
5- lipoxygenase inhibitors for the treatment of IBD [1]. 
Although these novel anti-inflammatory agents appeared to 
be quite effective in preclinical experiments using erosive 
models of self-limiting colitis in rodents, investigators failed 
to demonstrate significant anti-inflammatory effects in 
patients with Crohn’s disease (CD) or ulcerative colitis (UC) 
when evaluated in blinded, multicenter, placebo-controlled 
clinical studies [22, 23].
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In retrospect, these results are not surprising given the 
differences in the immunopathogenetic mechanisms that 
promote intestinal inflammation in the DSS and TNBS mod-
els. For example, it is well known that the adaptive immune 
system is not required for development of DSS- or TNBS- 
induced colitis as distal bowel inflammation occurs in the 
absence of T and B cells [24, 25]. Indeed, recent studies have 
demonstrated that lymphocyte homing plays virtually not 
role in the pathogenesis of DSS- or TNBS-induced colitis 
[26–28]. There is also convincing evidence that the acute/
self-limiting inflammation is a secondary response following 
the erosive and nonspecific injury of the colonic epithelium. 
Although these models are excellent in vivo systems for 
investigating wound responses in the gut, very few preclini-
cal studies using these mouse models actually demonstrate 
how various pharmacologic agents or genetic manipulations 
affect epithelial cell restitution, proliferation, and/or mucosal 
barrier repair [1]. It is very likely that the vast majority of 
reports demonstrating anti-inflammatory properties of differ-
ent therapeutics or experimental maneuvers may in fact be 
the result of more effective repair of the mucosal epithelium. 
When viewed in context of our current understanding of the 
immunopathogenesis of human IBD, these data indicate that 
erosive, self-limiting models of colitis may be of limited 
value for preclinical studies.

Other factors that have been suggested to limit the transla-
tion of preclinical data is the use of inbred strains of mice as 

surrogates for heterogeneous human populations as well 
as differences in intestinal microbiota [1, 16]. Flawed experi-
mental design and/or data analyses as well as publication bias 
have also received a great deal of attention as factors that limit 
effective translation of preclinical studies to disease treatment 
[1–7, 29]. Furthermore, the inability of investigators within 
the academic and pharmaceutical/biotechnology communi-
ties to reproduce published studies demonstrating therapeutic 
efficacy of novel, small molecules or biologics in mouse 
models of disease has received a great deal of discussion in 
recent months. This is a particularly troubling situation that 
has garnered a great deal of attention by funding agencies and 
the publishing community [1, 2, 30–35]. In a recent review of 
the quality of methods reported in 58 studies using four of the 
most popular mouse models of IBD, Bramhall et al. reported 
that <2 % of these articles described all of the criteria that are 
considered to be essential for promoting reproducibility of 
mouse models of IBD [36]. They noted that while many of 
the studies described some of the criteria in reasonable detail, 
animal age, gender, housing conditions, and mortality/mor-
bidity were poorly reported. When taken together, it appears 
clear that in order to more efficiently utilize the limited 
resources available for preclinical studies and accelerate the 
bench-to-bedside transition for promising therapeutics, inves-
tigators should utilize well- characterized, models of chronic 
intestinal inflammation that more closely mimics the immu-
nopathology of human IBD [1, 16, 35, 37].

Table 15.1 Representative mouse models of chronic small and large bowel inflammation

T cell transfer Genetic Spontaneous Bacterial

CD45RBhigh → RAG−/− (SB + C)

WT → CD3εtg

IL-2−/−

IL-2Rα−/−

IL-10−/−

TCR−/−

Gαi2−/−

Mdr1a−/−

TNFΔARE (SB)
STAT3−/−

STAT4 tg
CD40L tg
A20−/−

TGFβ1−/−

TGFβR2−/−

N-Cadherin DN
GPx 1 + 2−/−

EP4−/−

R59D-JAB tg (SOCs-1 tg)
WASP−/−

MUC2−/−

IL10R2 × TGFβR DN
IEC/IKK−/−

Tbet−/− × RAG−/−(TRUC)
CD4+/TGFβRII DN
IL-7 tg

SAMP1/Yit (SB)

C3H/HeJBr

H. hepaticus

Compiled from references cited in Refs. 1, 8. SB small bowel inflammation, SB + C small bowel and colonic inflammation, tg transgenic, DN domi-
nant negative
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 Mouse Models of Chronic Intestinal 
Inflammation

No single mouse model of chronic intestinal inflammation 
completely recapitulates the clinical and histopathological 
characteristics of human IBD; however, a number of differ-
ent mouse models of chronic small and/or large bowel 
inflammation have been developed over the past two decades 
that have greatly advanced our understanding of disease 
pathogenesis (Table 15.1). Data obtained from numerous 
studies using a variety of chronic models have revealed sev-
eral recurring themes. First, chronic gut inflammation 
requires the presence of a functioning adaptive immune sys-
tem. Second, intestinal microbiota are required for the induc-
tion and/or perpetuation of chronic gut inflammation. Third, 
defective immuno-regulation of mucosal immune responses 
induces chronic intestinal inflammation and finally, the onset 
and severity of inflammation may be greatly dependent upon 
the genetic background of the animal. Taken together, these 
studies suggest that chronic intestinal inflammation develops 
as a result of a dysregulated immune response to components 
of the intestinal microbiota [38–40]. In addition, these data 
strongly suggest that mouse models of chronic gut inflamma-
tion are in general, much more relevant to human IBD than 
are acute/self-limiting models. Of the many mouse models 
of chronic gut inflammation that have been developed, a few 
of these have been used by sufficient numbers of investiga-
tors to yield detailed information on the penetrance, severity 
and pathogenesis of the inflammation. Below, we discuss a 
few of these models focusing on the immunopathology and 
their use in preclinical studies.

 Mouse Models of Chronic Colitis

One of the best-characterized mouse models of chronic coli-
tis is the CD45RBhigh T cell transfer model (Table 15.1) [41, 
42]. Adoptive transfer of antigen inexperienced (i.e., naïve) 
CD4+CD45RBhigh T cells from healthy wild type mice into 
syngeneic, lymphopenic recipients results in the generation 
and expansion of large numbers of Th1 and Th17 effector 
cells but few, if any, regulatory T cells (Tregs; CD4+Foxp3+) 
[42]. This unregulated immune response requires the pres-
ence of intestinal microbiota and ultimately induces chronic 
and unrelenting pancolitis at 6–8 weeks following T cell 
transfer [41–43]. This model illustrates the concept that in 
the absence of effective immunoregulation (due to the pau-
city of Tregs), naïve T cells undergo microbial antigen- driven 
priming, polarization, and expansion to yield large numbers 
of colitogenic effector cells within the gut-draining mesen-
teric lymph nodes (MLNs) and colon [39, 41–43]. Because 
naïve T cells will, by default, convert to disease- producing 

effector cells in the absence of Tregs, virtually any T cell 
deficient recipient (e.g., SCID, RAG-1−/−, RAG-2−/−, nude, 
CD3−/−, TCRβ−/− × TCRδ−/−) can be used as recipients [39, 
42, 44]. We have also observed that the presence of B cells 
delays modestly the onset but not severity of colitis support-
ing the concept that B cells may act to suppress colonic 
inflammation in mice [43, 45, 46]. Histopathological analy-
sis of colons obtained from mice with active disease reveals 
transmural inflammation, epithelial cell hyperplasia, PMN 
and mononuclear leukocyte infiltration, occasional crypt 
abscesses and epithelial cell erosions. Depending upon the 
strain of the donor and recipient, reconstituted mice may 
exhibit varying degrees of weight loss, diarrhea/loose stools, 
and severity of disease. Historically, the T-cell transfer model 
has been described as a Th1 model of colitis because of the 
large increase in IFN-γ production within the inflamed tissue 
[43]. However, we and others have found that the inflamma-
tion induced in this model represents a mixed Th1/Th17 
inflammation because CD4+ T cells isolated from the spleen, 
mesenteric lymph nodes, and colonic lamina propria of 
colitic mice produce IFN-γ, IL-17 or both cytokines.

The original reports describing this model suggested that 
the inflammation was largely confined to the colon; however, 
more recent data demonstrates that the transfer of naïve T 
cells into RAG-1−/− (or TCRβ−/− × δ−/−) mice induces both 
colitis and small bowel inflammation [43, 47, 48]. We and 
others have found that the small intestine of these reconsti-
tuted RAG-1−/− mice exhibited loss of goblet and Paneth cells 
along the entire length of small intestine, which was most 
noticeable in the distal portion [43]. This model may prove 
useful for investigators who wish to ascertain whether the 
immunological mechanisms responsible for colitis are simi-
lar to those that induce inflammation of the small intestine. 
The reasons for the relative paucity of reports by other labo-
ratories describing small intestine inflammation in this model 
are not known; however, most of the original studies used 
SCID recipients whereas we have used RAG-1−/− mice. It is 
well known that SCID mice are “leaky” in that they can 
begin to develop T and B cells with age which may influence 
the development of intestinal inflammation. In addition to 
the small intestine, reconstitution of RAG-1−/− mice with 
naïve T cells induces chronic liver and lung inflammation. 
We have observed extensive periportal and lobular lympho-
cytic inflammation, hepatocellular necrosis but no bile duct 
damage [42]. In addition, we and others have found that the 
majority of colitic mice develop chronic bronchitis/pulmo-
nary inflammation [1, 49]. In the majority of mice, we 
observed confluent inflammation merged together between 
small and medium sized bronchi. Varying degrees of perivas-
cular lymphocytic cuffing were also observed in virtually all 
of the mice; however, few PMNs were observed and vasculi-
tis was absent.
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The major advantages of this model are that one may 
examine the earliest immunological events associated with 
the induction of gut inflammation as well as the time- 
dependent development of disease. In addition, chronic coli-
tis can be attenuated by treatment with a variety of different 
pharmacologic, immunologic, and biologic treatment proto-
cols (Table 15.2) [8, 10, 50–57]. Furthermore, this model has 
been proven to be very useful to study the role that Tregs 
play in suppressing or limiting the onset and/or severity of 
colonic inflammation [58–61]. Te Velde and coworkers have 
found, using genome-wide gene expression profiling of 
inflamed colons, that the pattern of gene expression in the 
CD45RBhigh T cell transfer model most closely reflects the 
altered expression profile observed in human IBD when 
compared to the erosive, self-limiting models of colitis [20, 
62, 63]. Disadvantages of this model include the expense and 
the requirement for cell sorting. In our experience, differ-
ences in animal housing, food and water may influence 
greatly the onset and severity of disease. It has also been sug-
gested that homeostatic proliferation of disease-producing T 

cells in lymphopenic recipients may not accurately represent 
the immunopathological mechanisms responsible for human 
disease [58]. However, a number of features of this model 
strongly suggest that the development of chronic colitis is 
not simply the result of homeostatic proliferation of T cells 
in a lymphopenic environment. For example, colitis does not 
develop following transfer of naïve T cells into antibiotic- 
treated or germ-free recipients [58]. These observations 
together with those demonstrating reduced accumulation of 
naïve T cells suggest that pathology is driven by intestinal 
bacterial antigens and not by “space” [58]. In addition, there 
is a great deal of evidence demonstrating a strong correlation 
between genes involved in the immunopathogenesis of 
chronic colitis in the T cell transfer model and those linked 
to human susceptibility alleles from genome wide associa-
tion studies performed on patients with CD suggesting that 
this model may in fact represent a very good model for pre-
clinical studies [58].

A second, widely used model of chronic colitis is the 
interleukin-10 deficient (IL-10−/−) model (Table 15.1). Mice 

Table 15.2 Pharmacological studies using mouse models of chronic gut inflammation

Model Therapeutic Efficacy

IL-10−/− TNF/TNFR antisense
IL-6/IL-6R mAb
IFNγ/IFNγR mAb
IL-12/IL-23 mAb

Yes
Yes
Depends on timing
Yes

CD45RBhigh → SCID/RAG TNF mAb
OX40L mAb
B7-H1 mAb
CD70 mAb
Antiangiogenic peptide
FTY720
FASL mAb
Dexamethasone/prednisolone
Azathioprine
Sulfasalazine/5-ASA
Cyclosporine
Tacrolimus
TNF/TNFR mAb
Integrins mAb (β7, MAC-1, LFA-1, α4)
IL-6/IL-6R mAb
IFNγ/IFNγR mAb
IL-12/IL-23 mAb
IL-17 mAb

Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
No
No
Yes
Yes
Yes
Yes
Yes
No

TNFΔARE CCR6 mAb
Integrins mAb (β7)
TNF/TNFR mAb
IL-12/IL-23 mAb
IFNγ mAb

No
Yes
Yes
Yes
Yes

SAMP1/Yitc Dexamethasone
TNF/TNFR mAb
Integrins mAb (β7, MAC-1, LFA-1, α4)
IL-6/IL-6R mAb
IFNγ/IFNγR mAb
IL-12/IL-23 mAb
CCR9 mAb

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Compiled from references cited in Refs. 1, 8; mAb signifies monoclonal antibody
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with targeted disruption (i.e., deletion) of the IL10 gene 
develop spontaneous pancolitis and cecal inflammation by 
2–4 months of age. Again, this model of chronic colitis 
illustrates the recurrent paradigm that defective immunoregu-
lation, via the loss of IL-10 production, leads to a dysregu-
lated immune response to intestinal microbiota resulting 
in the development of chronic inflammation [64, 65]. 
Histopathological analysis of colons obtained from mice 
with active disease show many of the same characteristics as 
those observed in human CD including transmural infiltra-
tion of mononuclear leukocytes, T cells, and plasma cells. 
The genetic background of the mouse is a major modifier of 
disease with disease penetrance and severity occurring to a 
much greater extent in 129SvEv IL-10−/− and Balb/c IL-10−/− 
mice when compared to the C57Bl/6 IL-10−/− strain. The 
advantage of using the IL-10−/− model is that it is a well- 
established Th1 model of transmural colitis and cecal inflam-
mation that can be attenuated by administration of various 
pharmacologic, immunologic, and biologic agents (Table 15.2) 
[8, 10]. A disadvantage of this model is the onset and severity 
of disease may be quite variable and in some cases requires 
several months to develop.

The variability in penetrance and severity as well as the 
delayed onset of disease in genetically engineered models 
of chronic colitis involving single mutations of specific 
genes (e.g., IL-10−/− model) limit an investigator’s ability to 
more fully characterize the time course and immunopatho-
genesis of disease, as well as evaluate new therapeutic 
strategies for treatment of chronic colitis. Indeed, investi-
gators have demonstrated that genetic manipulations in two 
(or more) loci appear to enhance the penetrance of robust 
colitis as well as accelerate the onset of disease [8, 66, 67]. 
Recent data derived from genome-wide association studies 
have identified ~163 different susceptibility loci for CD 
and/or UC [68]. Of these, alterations in genes involved in 
IL-10 and TGFβ signaling have been described with poly-
morphisms in each increasing modestly the risk of develop-
ing disease [69]. Furthermore, recent clinical studies have 
determined that mutations in the IL-10 receptor (IL-10R) 
results in very early onset IBD in young children [70]. 
Capitalizing on these observations, Kang et al. generated a 
novel, “2 hit” mouse model of fulminant and unrelenting 
colitis [67]. To do this, investigators bred dominant nega-
tive TGFβRII (dnTGFβRII) mice with IL-10R2−/− mice to 
generate dnTGFβRII × IL-10R2−/− offspring referred to as 
dnKO mice. These offspring have defective IL-10R2 sig-
naling in all tissues and TGFβ signaling only in T cells 
[67]. Compared to their littermate controls (i.e., IL-10R2−/− 
or dnTGFβRII), dnKO mice fail to gain weight following 
birth and develop an accelerated and severe colitis with a 
100 % penetrance by 4 weeks of age. Kang et al. show 
that broad spectrum antibiotics rescued the dnKO off-
spring, thereby preventing the development of colitis [67]. 

Additional studies by this same group show that an isolate 
of Bacteroides but not Enterobacteriaceae induces robust 
disease in dnKO but not controls [66, 69]. Taken together, 
these studies clearly demonstrate the need to assess colito-
genic potential rather than relying solely on 16S rRNA 
quantification. Although this model represents a major 
advancement in mouse models of IBD using IBD-relevant 
deficiencies in IL-10 and TGFβ signaling, the time commit-
ment and resources necessary to generate sufficient dnKO 
offspring for studying immunopathogenesis or performing 
pharmacologic intervention studies are substantially higher 
than for other mouse models.

Another, well-characterized mouse model of chronic coli-
tis that has been used by different groups of investigators is 
the multidrug resistance pump 1a-deficient (Mdr1a−/−) mouse 
(Table 15.1) [71]. Mdr1a is a P-glycoprotein expressed on the 
surface of several different cell populations including intesti-
nal epithelial cells, T cells, monocytes, macrophages, natural 
killer cells, dendritic cells, and brain microvascular endothe-
lial cells. This transport protein pumps small amphiphilic and 
hydrophobic molecules across the cell membrane in an ATP-
dependent manner. Of note is that the mdr1a gene is located 
on chromosome 7q21.1 which is a susceptibility locus for 
human IBD [71]. Approximately 25 % of the Mdr1a–/– mice 
develop colitis beginning at 8–12 weeks of age when housed 
under specific pathogen-free conditions [71, 72]. The colonic 
inflammation can be delayed for up to 16 weeks of age by the 
administration of antibiotics [72] or eliminated when raised 
under germ-free housing conditions demonstrating yet 
another model of IBD where inflammation is dependent upon 
the presence of commensal bacteria. Histopathological anal-
ysis of colons obtained from these mice reveals an inflam-
mation that is similar to human UC. There is substantial 
thickening of the mucosa, extensive infiltration of inflamma-
tory cells into the lamina propria and occasional crypt 
abscesses and ulcerations. The mechanisms by which abla-
tion of the mdr1a gene induces chronic gut inflammation 
are not known at the present time; however, it is known that the 
induction of colitis in these mice is dependent upon defec-
tive Mdr1a activity on the intestinal epithelial cells and not the 
lymphocytes [72]. It may be that the lack of intestinal epithelial 
cell Mdr1 results in increased accumulation of enteric anti-
gens within these cells. Antigen- loaded cells could then 
process and present these microbial antigens to T cells imme-
diately underlying the epithelium, thereby priming the T cells 
to become “hyper-reactive” to the enteric microbiota thereby 
driving colonic inflammation [71, 72]. More recent studies 
have demonstrated a significant dysregulation of expression 
of cytokines and chemokines prior to onset of colitis in young 
Mdr1a−/− mice. These data suggest that the intestinal immune 
system in these mice may be in a continuous state of immune 
activation and thus are particularly susceptible to induction of 
chronic gut inflammation [71].
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Collett et al. [73] have shown that older FVB.mdr1a−/− 
mice (12–16 weeks) have increased colonic mucosal perme-
ability that is associated with tissue inflammation. Tissue 
from these mice reveal an upregulation in genes involved in 
bacterial recognition, a downregulation in anti-inflammatory 
pancreatitis-associated protein (PAP) and RegIIIγ genes and 
appear to be more responsive to lipopolysaccharide (LPS). 
Interestingly, although younger Mdr1a−/− mice (4–5 weeks) 
lack histological evidence of inflammation or increased per-
meability, they have increased cytokine and chemokine 
secretion (IFNγ, MIP2, TNFα, and IL1β) that is similar to 
that of older mice with active colitis [73]. These data could 
suggest an inappropriate immune response to luminal anti-
gens prior to the induction of chronic inflammation. It has 
also been shown that FVB.mdr1a−/− mice have decreased 
amounts of inducible Tregs (iTregs; CD4+Foxp3+) in the 
intestinal lamina propria and Peyer’s patches prior to and fol-
lowing the onset of colonic inflammation [74]. P-glycoprotein 
(P-gp) was found to be expressed in these cells and it appears 
to be restricting the development of iTregs from naïve FVB.
mdr1a T cells, as demonstrated both, in vivo and in vitro 
[74]. P-gp deficiency phenotype conferred by knocking out 
of the Mdr1a−/− gene has been shown to be modified by the 
genetic background strain [75]. When the FVB.mdr1a strain 
is crossed with a C57BL/6 mouse (C57BL/6.mdrla defi-
cient), it no longer develops spontaneous colitis nor is it sen-
sitive to the induction of colitis by piroxicam or Helicobacter 
bilis. However, this strain shows an increased susceptibility 
to DSS-induced colitis, which has been attributed to the pos-
sible impaired cell cycling associated with P-gp deficiency 
that then affects wound repair [75, 76].

In order to further investigate the effect of other genes 
associated with human IBD, Ey et al. produced the 
Mdr1a−/−TLR2−/− double knockout on the FVB strain. TLR2 
is another susceptibility gene identified by GWAS in UC 
patients and it has been associated with a more severe disease 
phenotype [37, 77]. The inflammation in this model is spon-
taneous in nature and is characterized by an excessive release 
of IL-1β that requires MD2- and MyD88-mediated signaling. 
Colonic inflammation is characterized by mucosal thickening 
and inflammatory cell infiltration beginning at 5 weeks of 
age, which represents an acceleration in disease onset and 
severity when compared to Mdr1a−/− animals. Deletion of the 
MyD88 gene in these mice to create triple knockout mice 
lacking all three genes (Mdr1a−/−TLR2−/−MyD88−/−) prevents 
induction of colonic inflammation suggesting that MyD88-
dependent signaling is required for induction of disease in 
Mdr1a−/−TLR2−/− mice [37].

The large majority of mouse models displaying chronic 
colitis require the participation of the adaptive immune sys-
tem for expression of disease. However, recent evidence sug-
gests that innate immune cell activation alone is capable of 
inducing and perpetuating protracted colonic inflammation. 

For example, Maloy et al. have developed a mouse model of 
innate immune cell-mediated chronic colitis that is induced 
by associating lymphopenic RAG-1 or -2−/− animals with the 
Helicobacter hepaticus (Hp; Table 15.1) [13, 78, 79]. 
Although Hp does not normally induce chronic gut inflam-
mation in healthy/immunocompetent mice, introduction of 
this Gram negative, spiral bacterium into RAG-2−/− animals 
establishes a lifelong colonization that ultimately induces 
chronic cecal and colonic inflammation (typhlocolitis) [78, 
79]. This IL-23-driven inflammation is characterized by epi-
thelial cell hyperplasia and extensive infiltration of PMNs 
and monocytes which is more severe in the cecum than in the 
colon [78, 80]. A recent variation of this model has been 
described in which chronic colitis can be induced in immu-
nocompetent mice by combining the introduction of Hp with 
systemic administration of a mAb to IL10R [81–83].

Another interesting model of chronic colitis driven by 
innate immune cells has been described by Garrett and 
coworkers [84]. These investigators demonstrated that the 
ablation of T-bet (a T-box transcription factor family mem-
ber) in RAG-2−/− mice results in the development of sponta-
neous and communicable colitis that is similar to human UC 
(Table 15.1). The colonic inflammation in these T-bet−/− × 
RAG-2−/− ulcerative colitis (TRUC) mice is characterized by 
remarkable PMN and monocyte inflammation, crypt 
abscesses, bowel wall thickening, erosions, and ulcerations. 
These investigators also demonstrated colonic epithelial 
barrier disruption prior to the onset of active colitis. The fact 
that colitis is communicable and will develop in wild type 
mice when housed with TRUC mice suggest the selection 
of a pathogenic microbiota that develops in response to 
immune defects and/or inflammation [84]. Indeed, these 
investigators characterized the intestinal microbiota in 
TRUC mice and found that the overabundance of Klebsiella 
pneumoniae and Proteus mirabilis correlated with the onset 
of disease. Furthermore, TRUC-associated bacterial strains 
in association with maternally transmitted microbiota have 
the ability to induce disease in WT and RAG−/− mice [85]. 
Not surprisingly, these two organisms, as well as other 
members of the Enterobacteriaceae family, have been 
shown to be increased in human IBD [85–87]. Certain spe-
cies within Enterobacteriaceae are thought to thrive in the 
inflamed gut due to the ability of these facultative anaerobes 
to proliferate in the presence of small, but significant 
amounts of oxygen adjacent to the inflamed tissue [85, 88]. 
In addition, the relative overabundance of some members of 
the Enterobacteriaceae family may be due to their ability to 
utilize certain electron acceptors (e.g., tetrathionate and 
nitrate) that are present in the inflamed lumen for anaerobic 
respiration, thereby outcompeting obligate anaerobes [88–90]. 
Not only does the microbial structure differ during active 
colitis and treatment-induced remission, but so do the major 
metabolic functions of the microbiota [88]. Some of the 
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major differences that are seen in microbial function during 
active colitis are their decreased ability to harvest energy 
(i.e., lipid metabolism, xenobiotics biodegradation, and 
metabolism) and dysregulated pathways of microbial sig-
naling and processing [88].

In addition to chronic colitis, TRUC mice develop colitis- 
associated colorectal cancer (caCRC) that resembles human 
disease. Virtually all TRUC mice develop colonic dysplasia 
and adenocarcinoma (ADA) by 6 weeks of age [91]. Selective 
depletion of dendritic cells (DCs) prevents inflammation and 
cancer progression in these mice, demonstrating the critical 
interplay between the innate immune system and intestinal 
microbiota in the induction of inflammation and associated 
malignant disease. As with other models of chronic colitis, 
disease incidence and severity in the TRUC model depends 
upon background strain. Ermann et al. showed that the sever-
ity of colitis in TRUC mice bred onto the C57BL/6 back-
ground (B6.TRUC) was less severe when compared to mice 
bred onto the BALB/c background (BALB/c.TRUC) [92]. 
These investigators found that when the suspected suscepti-
bility locus Cdcs1 (cytokine deficiency-induced colitis sus-
ceptibility- 1) was introduced into the B6.TRUC mice, 
severity of colitis was found to be similar to that observed in 
BALB/c.TRUC animals. The Cdcs1 locus, among others, 
has been described in the IL-10−/− and Gαi2−/− mouse models 
of chronic colitis and it is thought to control disease severity 
via its effects on innate immune cell function and mainte-
nance of mucosal homeostasis [92, 93]. Although this model 
represents an important addition to the toolbox for IBD 
investigators who wish to examine the relationship among 
the innate immune system and chronic gut inflammation, it 
should be noted that currently, little or no evidence exists 
suggesting that human CD or UC can be transferred to 
healthy children or adults.

 Models of Chronic Small Bowel Inflammation

In addition to the well-characterized models of chronic coli-
tis described above, two models of spontaneous, small bowel 
inflammation are gaining increasing interest for studying the 
immunopathology of Crohn’s ileitis as well as for evaluating 
new drug therapies. One model is the homozygous TNF- 
overexpressing TNFΔARE/ΔARE mouse (Table 15.1). These mice 
were developed by targeted deletion of a 69 base-pair region 
of the AU-rich elements in the 3′ UTR region of the TNF-α 
gene [94]. The deletion results in increased TNF-α mRNA 
stability and enhanced TNF-α protein production. Mice pos-
sessing the deletion in the homozygous state display severe 
and rapid wasting disease and die within 1–3 months of age. 
These mice are runted in appearance, exhibit alopecia-like 
lesions, develop chronic and degenerative inflammatory 
arthritis and express severe inflammatory changes in the 

distal small bowel similar to CD by 4 weeks of age [94]. 
Interestingly, there appears to be a gene dosage effect as 
heterozygote littermates (HET; TNFΔARE/+) have a gradual 
development of inflammation and live at least 7–8 months, 
showing severe intestinal inflammation at 8 weeks of age 
[94]. HET mice models are useful because as in human dis-
ease, they show a malabsorption phenotype characterized by 
weight loss, increase fecal energy loss, fecal fat excretion 
and bone alterations possibly due to calcium malabsorption 
[95, 96]. Lesions consist of villous blunting (and broaden-
ing) associated with the transmural infiltration of acute and 
chronic inflammatory cells, including mononuclear leuko-
cytes, plasma cells, and PMNs. This transmural inflamma-
tion extends deep into the muscular layers of the bowel wall, 
displaying characteristics of Crohn’s ileitis. The severity and 
location of the inflammation (ileum) in this model seems to 
be dependent on the dysbiotic microbiota, according to 
Schaubeck et al.[97]. When transferred into germ–free 
TNFΔARE/ΔARE mice, this dysbiotic microbiota induced 
Crohn’s- like ileitis and decreased antimicrobial lysozymes 
and defensins. This is yet another mouse model of IBD that 
demonstrates the role of intestinal microbiota in disease as 
antibiotic treatment or raising mice under germ-free condi-
tions eliminates intestinal inflammation [97]. In addition, 
different environmental and dietary factors may alter the 
microbiota thereby altering the onset and/or severity of dis-
ease. For example, Wernet et al. have shown depletion of 
luminal iron alters the gut microbiota and prevents Crohn’s 
disease-like ileitis suggesting that luminal (oral) supplemen-
tation with iron for patients with IBD may be problematic 
[98]. The inflammation observed in this model can be treated 
with several biologics and immune-modifying drugs used in 
human medicine (Table 15.2). This model also offers the 
unique opportunity to examine the immunopathological 
mechanisms underlying TNF-induced ileitis and arthritis 
with the possibility of identifying new therapeutic strategies 
to treat patients with CD.

The SAMP1/Yit model of chronic ileitis is another model 
that is gaining increased attention and is readily available to 
interested investigators (Table 15.1). As with TNFΔARE/ΔARE 
mice, these animals are useful for studying the underlying 
mechanisms involved in the pathogenesis of Crohn’s ileitis 
and preclinical evaluation of new drug therapies. This model 
of spontaneous ileitis was originally generated by >20 gen-
erations of brother–sister mating of a senescence-accelerated 
mouse line [99]. SAMP1/Yit mice are unique in that 100 % 
of these animals develop spontaneous ileitis at ~30 weeks of 
age without any genetic, immunological or environmental 
manipulation. Histopathological analysis of these mice 
reveals robust and chronic ileitis as well as extraintestinal 
manifestations similar to human CD. The segmental inflam-
mation is localized to the terminal ileum and displays trans-
mural involvement and occasional granulomas. Chronic ileitis 
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can be adoptively transferred by CD4+ T cells to SCID or 
RAG−/− recipients suggesting that activated CD4+ T cells 
home specifically to and recognize antigens within the termi-
nal ileum [100]. Over the past few years, it has been found 
that with further brother–sister matings for an additional 20 
generations, a new phenotype emerged in which chronic ile-
itis developed by 10 weeks of age with the occurrence of 
perianal disease, ulceration and fistula in a small subset of 
these mice as well as periodontal disease [101]. This sub-
strain has been renamed SAMP1/YitFc and has been propa-
gated through continued brother–sister mating [102]. Given 
its well-defined progression of disease in the SAMP1/YitFc 
model, it has shown to be very useful in studying the immu-
nological changes before and during inflammation [103]. 
Pizzarro et al. demonstrated two clear phases of disease 
[103]: The inductive phase occurs between 4–7 weeks of 
age that is characterized by intense upregulation of Th1 and 
proinflammatory cytokines that precede histological evidence 
of overt inflammation. The chronic phase occurs at 9–10 
weeks of age and is characterized by a Th1/Th2 response 
that correlates with robust intestinal inflammation [103]. 
It should be noted that the Tregs in this mouse model have 
been shown to be dysfunctional in vivo, whereas, these cells 
seem to have normal suppressive activity in vitro [104]. 
This paradoxical observation has also been made in human 
IBD in which investigators have noted an expansion of Tregs 
in the lamina propria of inflamed intestinal tissue obtained 
from CD patients [105]. Although these data imply Treg dys-
function, Ishikawa et al. and Fantini et al. have demonstrated 
normal suppressive activity of Tregs obtained from inflamed 
tissue in vitro [104] [106]. Fantini et al. further showed that 
the apparent lack of effect of Tregs in chronic gut inflamma-
tion is most likely due to resistance of colitogenic effector T 
cells to Treg-mediated suppression [106].

This model of chronic ileitis has also been helpful in 
defining the role of the innate immune system in chronic 
inflammation. As described above, it is widely believed the 
adaptive immune system plays a major role in induction and 
perpetuation of chronic intestinal inflammation. However, 
Corridoni et al. hypothesize that: “CD may occur as a deficit 
in innate immunity as opposed to an overly aggressive 
immune response” [107, 108]. It is also important to point 
out that although the microbiota seem to play a role in the 
SAMP/Yit model, it is not required for induction of disease 
as in other models given that some germ-free animals still 
develop small bowel inflammation [103]. Studies using the 
SAMP1/YitFc model have shown that immune-blockade of 
Th1- polarizing cytokines or certain T-cell adhesion mole-
cules attenuate the severity of ileitis (Table 15.2). Thus, both 
the TNFΔARE/ΔARE and the SAMP1/YitFc mice provide the 
investigator with the unique ability to study the underlying 
immunopathological mechanisms responsible for the devel-
opment of ileal inflammation.

 Humanized Mouse Models of Autoimmune 
and Chronic Inflammatory Diseases 

There is no question that mouse models have provided inves-
tigators with valuable information on the immunopatho-
genesis of chronic intestinal inflammation as well as other 
autoimmune and chronic inflammatory diseases [109–112]. 
Despite revealing a number of different targets and therapeu-
tic strategies from preclinical studies, few new therapies 
have been demonstrated to be effective in well-controlled 
clinical trials. This is not entirely surprising given the fact 
that the structure and function of the mouse immune system 
differs substantially from humans [113, 114]. It has been 
estimated that >80 major differences exist between the 
mouse and human immune systems. [35, 114]. Thus, even 
with the use of standardized and reproducible mouse models 
of chronic gut inflammation, it may be difficult to accu-
rately model human disease. In response to these concerns, 
investigators have been actively working to develop mice 
with a functional human immune system [35]. By utilizing 
long-term engraftment of the human hemato-lymphoid cells 
(e.g., hematopoietic stem cells or lymphocytes) in severely 
immunodeficient recipients, investigators have been success-
ful in producing humanized mouse models of some acute 
and chronic inflammatory diseases. Furthermore, some of 
these models have been used to evaluate certain human- 
specific therapies in vivo. This approach has been particu-
larly successful using humanized mouse models of infectious 
diseases (e.g., HIV) [29, 110, 112, 115]. In addition, great 
strides have been made in using humanized mice to study the 
pathogenesis and human-specific therapies in different 
chronic diseases such as diabetes, arthritis, graft-vs.-host dis-
ease, transplant rejection and cancer [109–112, 116–118].

A major breakthrough came in the humanization of the 
murine immune system with the discovery that targeted 
mutation of the IL-2 receptor common gamma chain (IL-
2γ) in NOD/scid mice (termed NOD/scid-IL2rγ−/− or NSG 
mice) greatly enhanced the long-term engraftment of human 
hemato-lymphoid cells in these severely immunodeficient 
mice [35, 119–122]. It was well known that IL-2rγ was a 
required component for receptor complexes specific for IL-2, 
IL-4, IL-7, IL-9, IL-15, and IL-21 (Fig. 15.1) [123, 124]. In 
addition, studies had demonstrated that these cytokines are 
critical for generation of T, B and NK cells. Thus, deletion or 
inactivation of IL-2rγ created mice devoid of T, B and NK 
cells [125–127]. Several laboratories have developed differ-
ent stocks of immunodeficient mice devoid of IL-2rγ that 
differ with respect to strain background and the type of 
IL-2rγ mutation (reviewed in 35). These novel platforms 
have been used to engraft different populations of human 
hemato- lymphoid cells, thereby producing three major mod-
els of humanized mice (Table 15.3). The reader is referred to 
recent reviews for more detailed discussions of these models 
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[35, 128, 129]. It is theoretically possible to model most, if 
not all of the human autoimmune and chronic inflammatory 
diseases using one or more of the immunodeficient IL-2rγ−/− 
strains. Below is a brief overview of the generation, uses and 
limitations of the 3 major humanized mouse models.

 Engraftment of Human Peripheral Blood 
Mononuclear Cells into Immunodeficient  
Mice Devoid of IL-2rγ

There is a long history of attempts to engraft (via adoptive 
transfer) human peripheral mononuclear cells (PBMCs) into 
immunodeficient mice such as SCID or RAG-1−/− or -2−/− 
mice [35, 130]. However, very small numbers of T cells and 
few if any B cells engraft in this model due to the presence of 
a fully functional innate immune system that destroys xeno-
geneic (human) cells [131–133]. As pointed out above, the 
development and use of immunodeficient mice that lack 
IL-2rγ greatly enhanced the engraftment of T cells in these 
novel lymphopenic recipients devoid of T, B, and NK cells 
[112, 134–136]. This model, which we have termed the 
Hu-PBMC-IL-2rγ−/− model, has been used to investigate 
immunological mechanisms involved in allograft rejection, 
cancer, autoimmunity, regenerative medicine, and infectious 
diseases [29, 112, 116, 134, 137] (Table 15.3). This model 
has also been used to evaluate novel, human-specific therapies 

including cell-based therapies [138]. It should be noted that 
this model is particularly useful for investigating T cell- 
mediated immune responses following engraftment of 
PBMCs obtained from patients with autoimmune or chronic 
inflammation diseases; however, the usefulness of this model 
is limited by the development of lethal, xenogeneic graft 
versus host disease (GVHD) within 3–4 weeks post T cell 
engraftment [139]. King and coworkers discovered that 
GVHD developed as a result of aggressive immune responses 
of human T cells towards murine MHC class I and II [139]. 
A delay in GVHD in NSG mice devoid of murine MHC class 
I and II may prove useful in extending the observation period 
in the Hu-PBMC-IL-2rγ−/− model in future studies [139].

 Engraftment of Human Hematopoietic Stem 
Cells into Immunodeficient Mice Devoid 
of IL-2rγ

While enhanced engraftment of PBMCs into lymphopenic 
IL-2rγ−/− mice was a major step forward in creating a human-
ized immune system in these animals, the usefulness of this 
model was limited by the absence of significant numbers of B 
cells and myeloid cells as well as the development of GVHD 
within the first 3–4 weeks post transfer. In an attempt to cir-
cumvent these limitations, investigators undertook a series of 
studies to determine whether human hematopoietic stem 

Fig. 15.1 The IL-2 receptor common γ chain plays a critical role in the 
development of immune cells. The common γ chain is associated with 
the high affinity receptors for IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21. 
These cytokines are produced by different immune cells, stromal cells, 

and epithelial cells. Cytokine-receptor signaling is critically important 
for the generation of different populations of immune cells (Modified 
from Ref. 127 with permission)
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cells (HSCs; CD34+ cells) could engraft and differentiate into 
the different immune cell lineages in lymphopenic IL-2rγ−/− 
recipients (Table 15.3) (reviewed in 35). Investigators found 
that HSCs derived from granulocyte- colony stimulating 
factor (G-CSF)-mobilized peripheral blood, bone marrow, 
fetal liver, or umbilical cord blood (UC) were capable of 
engrafting in different strains of lymphopenic IL-2rγ−/− mice 
[128, 140, 141]. The investigators determined that depend-
ing upon the strain and route of administration of the human 
HSCs, greater numbers of HSCs engrafted and differentiated 
into immune cell subsets than had been observed in previous 

studies using more traditional lymphopenic recipients (i.e. 
scid or RAG-/- mice) [142, 143]. Adoptive transfer of human 
HSCs into lymphopenic IL-2rγ−/− mice resulted in the gen-
eration of T and B cells and small but significant numbers of 
myeloid cells and dendritic cells (DCs) [35, 119–121, 135, 
144, 145]. This model, which we have termed the Hu-HSC-
IL-2rγ−/− model to avoid confusion with previous HSC mod-
els, represented a major leap forward in the humanization of 
the mouse immune system [35]. Additionally, because 
human T cells were selected (positively and negatively) 
within the mouse thymus, circulating human T cells were 

Table 15.3 Models of human hemato-lymphoid cell engraftment into immunodeficient IL-2rγ−/− mice

Model name Description Advantages Applications Limitations

Hu-PBMC-IL-2rγ−/−

(Human Peripheral 
Blood Mononuclear 
Cells engrafted into 
lymphopenic
IL-2rγ−/− mice)

Lymphopenic IL-2rγ−/− 
mice are injected with 
human peripheral 
mononuclear cells

•  Technically simple 
model

•  Good engraftment of 
effector and memory T 
cells

•  Induced models of 
inflammation (e.g., 
sepsis, arthritis, colitis)

•  Model of xenogeneic 
GVHD

•  Assess effector 
functions of T cells 
obtained from patients 
with RA, lupus, MS, 
diabetes or IBD

•  Human-specific 
infectious diseases 
(HIV)

•  Allograft tissue 
rejection

•  Only activated/memory  
T cells are present

•  Lack of mature human B 
cells, myeloid cells, DCs, 
platelets and erythrocytes

•  Xenogeneic GVHD 
develops after 4–5 weeks 
due to human T cell 
reactivity against mouse 
MHC molecules

•  Limited primary immune 
responses

Hu-HSC-IL-2rγ−/−

(Human Hematopoietic 
Stem Cells engrafted 
into lymphopenic 
IL-2rγ−/− mice)

Lymphopenic IL-2rγ−/− 
mice are injected with 
CD34+ HSCs derived 
from fetal liver, cord 
blood, bone marrow, or 
from peripheral blood 
following G-CSF- 
mediated mobilization

•  Generates a naïve 
human immune system

•  Development of T and 
B cells, APCs, 
myeloid cells, and NK 
cells

• Human hematopoiesis
•  Induced models of 

inflammation (e.g., 
sepsis, arthritis, colitis)

•  Engraft human HSCs 
from patients with 
autoimmune or chronic 
inflammatory diseases

•  Human-specific 
infectious diseases

• Transplantation biology

•  Low rate of T cell 
engraftment

•  Impaired T and B functions
•  No mucosal immune 

system
•  Lack of expression of 

human HLA within the 
thymus prevents education 
and development of 
HLA-restricted CD4+ and 
CD8+ T cells (DTH 
response is suboptimal)

•  Only small numbers of 
PMNs, RBCs, and 
megakaryocytes are present 
in the blood

BLT-IL-2rγ−/−

(Bone marrow, Liver, 
Thymus engrafted into 
lymphopenic 
IL-2rγ−/− mice)

Lymphopenic IL-2rγ−/− 
mice are implanted with 
small pieces of human 
fetal liver and 
autologous thymus 
under the renal capsule; 
the mice are then 
injected with human
CD34+ HSCs purified 
from the same fetal liver 
sample

•  Human immune 
system engraftment is 
much more robust than 
in the Hu-SRC-NSG 
model

•  Sustained high level of 
T cell development; T 
cells are educated by 
the human thymus and 
are HLA restricted

•  Produces human 
mucosal immune 
system

• Human hematopoiesis
•  Engraft human HSCs 

from patients with 
autoimmune or chronic 
inflammatory diseases

•  Human-specific 
infectious diseases

• Transplantation biology

•  Surgical expertise and fetal 
tissue are required

•  Responses to vaccination 
protocols are limited to 
IgM antibody production

•  A delayed xenogeneic 
GVHD (>4 months) occurs 
in these mice that results 
from the lack of negative 
selection against murine 
antigens in human thymus 
and/or to lack of peripheral 
regulation

Table derived from Ref. 35 (with permission)
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incapable of reacting with murine MHC I and II and thus 
xenogeneic GVHD did not develop [146]. Unfortunately, 
this also meant that human T cells (or B cells) failed to react 
to antigens presented by human DCs or other human anti-
gen presenting cells that develop within the different lym-
phoid and nonlymphoid tissue [147]. In addition, it became 
clear that despite the presence of human T cells within these 
novel immunodeficient recipients, their development was 
suboptimal due to defective thymopoiesis within the mouse 
thymus [144]. It was also noted that only very small numbers 
of human platelets, erythrocytes, and granulocytes were 
observed in these mice [112, 137, 147]. Nevertheless, the 
Hu-HSC-IL-2rγ−/− model has provided invaluable informa-
tion of human immuno-biology.

 Engraftment of Human Hematopoietic Stem 
Cells into Immunodeficient IL-2rγ−/− Mice 
Containing Human Fetal Thymic and Liver 
Tissues

The problems associated with human T cell development and 
differentiation described above for the Hu-HSC-IL- 2rγ−/− 
model prompted investigators to develop the Bone marrow–
Liver–Thymus (BLT) mouse model (Table 15.3). The BLT 
model was originally developed in NOD/scid mice in which 
small fragments of human fetal liver and thymus were surgi-
cally implanted under the kidney capsules [29, 112, 148, 
149]. These mice were then injected (I.V.) with varying num-
bers of autologous human HSCs obtained from a portion of 
the same fetal human liver implanted into the recipients 
[150]. Using this approach, investigators observed long-term 
engraftment and differentiation of multiple human immune 
cell subsets including T and B cells, DCs, monocytes, mac-
rophages, erythrocytes, and platelets [29, 135, 148, 149, 
151]. An advantage of this model is that human T cells are 
selected within the human thymus implanted under the kid-
ney capsule, thereby making the mouse capable of mounting 
adaptive immune responses in vivo [29, 135, 148, 149, 151]. 
Furthermore, BLT mice developed a humanized mucosal 
immune system as well as lymph nodes, thereby making this 
the model of choice for HIV investigations [29, 135, 148, 
149, 151]. While engraftment of human HSCs was similar to 
or even greater in NSG-BLT recipients when compared to 
NOD/scid-BLT mice [119, 120, 129, 152–155], Denton and 
coworkers discovered that NSG-BLT mice contain signifi-
cantly fewer T cells within the lamina propria and intraepi-
thelial cell compartments when compared to their NOD/scid 
BLT counterparts [153]. Furthermore, Nochi et al. observed 
little or no evidence of cryptopatches and gut associated 
lymphoid tissue (GALT) in NSG-BLT mice whereas both 
were readily apparent in NOD/scid-BLT mice [156]. Taken 

together, these studies revealed the crucial role of the IL-2rγ 
chain in GALT development [156].

Despite their differences, both the NOD/scid-BLT and 
NSG-BLT models are regarded as the most immunologically 
relevant mouse models for studying human hematopoiesis, 
infectious diseases, acute and chronic diseases and therapeu-
tic/vaccine development. Indeed, these animals possess a 
well-integrated immune system that is reasonably adept at 
mounting both direct and indirect delayed type hypersensi-
tivity (DTH) responses [157]. As with the other humanized 
mouse models, the BLT model possess several shortcomings 
such as the requirement for small animal surgery, procure-
ment and utilization of human fetal tissue, generation of 
small numbers of certain immune cell subsets (e.g., granulo-
cytes, myeloid cells, B cells) and delayed xenogeneic GVHD 
[150, 158–161]. The mechanisms responsible for the GVHD 
have not been clearly identified; however, it does appears 
that a loss of tolerance of human T and/or B cells toward 
murine MHC class I and II antigens may not be responsible 
[150]. Recent studies by Lavender and coworkers demon-
strate that the presence of CD47 in RAG-2−/−IL-2rγ−/−-BLT 
recipients may play an important role in the pathogenesis of 
xenogeneic GVHD because genetic ablation of CD47 ren-
ders the triple knockout (CD47−/−RAG-2−/−IL-2rγ−/−) animals 
resistant to GVHD in the BLT model [162, 163].

 Humanized Mouse Models of the Inflammatory 
Bowel Diseases

The three major humanized mouse models described above 
have been used extensively for studies involved in infectious 
diseases, autoimmunity and cancer; however only a handful 
of studies have reported their use in studying the immuno-
pathogenesis and/or treatment of IBD. Recent studies by 
Nolte and coworkers reported the use of Hu-PBMC- NSG 
mice in a chemically induced model of self-limiting colitis 
[164]. NSG mice were engrafted with human PBMCs 
obtained from healthy donors (HD) or from individuals suf-
fering from UC or atopic dermatitis (AD). Mice were then 
sensitized, via dermal application, to the vehicle (ethanol) 
or the hapten oxazalone (OXA) and challenged 24 h later via 
intrarectal administration of either 50 % ethanol or OXA in 
50 % ethanol [164, 165]. Although these investigators 
observed significant colonic inflammation in all groups of 
mice, they did not observe significant differences between or 
among the different groups [164]. These results are not 
entirely surprising given the way in which inflammation is 
induced in this model. As discussed in more detail in this and 
our previous review [1], intrarectal administration of erosive 
chemicals (i.e., organic acids, ethanol) injures the colonic 
epithelium, thereby initiating an intense inflammatory 
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response that may conceal more subtle immune responses 
induce by the “hapten” OXA.

In a preliminary report (abstract only), using a method 
similar to that described by Nolte et al., Goettel and cowork-
ers utilized transgenic NSG mice that expressed human 
HLADR1 but lacked murine MHC class II (called 
NSGAb0DR1 mice) [166]. These mice were then engrafted 
with HLA-matched CD4+ T cells and sensitized (via skin 
painting) with the hapten, trinitrobenzene sulfonic acid 
(TNBS). Seven days following sensitization, mice were 
challenged with a single intrarectal infusion of TNBS in eth-
anol. These investigators observed colonic inflammation in 
mice that received TNBS in ethanol; however, colitis was not 
evident in those mice that received TNBS in ethanol but no 
human T cells [166]. As noted above, the use of erosive 
chemicals to induce self-limiting colitis is problematic if one 
desires to recapitulate the immunopathology of human dis-
ease. A second, more interesting study reported by this same 
group, demonstrated that adoptive transfer of HLA-matched 
CD34+ HSCs obtained from patients with immunodysregula-
tion polyendocrinopathy enteropathy X-linked (IPEX) syn-
drome into NSGAb0DR1 mice induces a systemic and lethal 
autoimmunity similar to that observed in humans with IPEX 
[167]. Conceptually, this study is quite exciting as it provides 
proof of principle for modeling human autoimmune diseases 
via engraftment of patient HSCs.

 Improving Humanized Mouse Models of IBD: 
Remaining Issues and Questions

The generation of humanized mouse models of IBD would 
greatly advance our understanding of the immuno- 
pathogenesis of UC and CD as well as provide preclinical 
platforms to evaluate human-specific therapeutic agents; 
however, progress in developing these types of mouse mod-
els has been disappointingly slow compared to other autoim-
mune disease models. The reasons for this are not clear at the 
present time but most likely represent the complex relation-
ship between genetics and environmental factors required for 
full expression of these diseases. Because of the low concor-
dance rates in identical twins for UC and CD, we know that 
the environment plays an important role in disease pathogen-
esis [168–173]. Thus, several issues and fundamental ques-
tions must be considered when attempting to model human 
IBD in humanized mice. For example, it may not be possible 
to generate chronic intestinal inflammation in immunodefi-
cient IL-2rγ−/− mice by simple transfer of PBMCs or HSCs 
from patients with CD or UC. We know that the intestinal 
microbiome plays an important role in both experimental 
and human IBD. Even though the general composition of 
human and mouse microbiota are quite similar, significant 
differences do exist that may greatly affect our ability to 

induce chronic gut inflammation [29]. Chung and coworkers 
have clearly demonstrated species-specific effects on 
immune system development in germ free mice. These inves-
tigators found that colonization of germ free mice with 
human microbiota essentially prevents the development of 
the murine immune system whereas colonization of these 
gnotobiotic mice with murine microbiota induces a fully 
functional innate and adaptive immune system [174]. These 
data suggest that humanized mice may require colonization 
with healthy or disease-specific microbiota obtained from 
human donors in order to induce intestinal inflammation.

Alternatively, development of disease may require trans-
plant of fecal microbiota obtained from the same patient(s) 
that donated their PBMCs or HSCs. Theoretically, this could 
be accomplished by initial antibiotic treatment of the immu-
nodeficient mice followed by donor specific human fecal 
colonization [175]. Another variation that could be evaluated 
is transfer of autologous PBMCs into immunodeficient mice 
previously engrafted with HSCs from IBD patients in order 
to provide memory T cells. One issue that has received little 
attention is whether murine endothelial cells are replaced with 
human cells following engraftment of CD34+ HSCs [29]. 
This is an important consideration because of the possible 
problems associated with human leukocyte trafficking to 
lymphoid and nonlymphoid tissue. Despite this concern, 
studies have demonstrated human leukocyte infiltration into 
the inflamed gut in the xenogeneic GVHD that develops in the 
Hu-PBMC- IL-2rγ−/− and BLT-IL-2rγ−/− mouse models [160, 
176]. In conclusion, the prospects for developing humanized 
mouse models of IBD are quite good but will require system-
atic studies that address the issues discussed above.
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 Introduction

Inflammatory bowel disease presents with chronic inflam-
mation which damages normal intestinal mucosa. Because 
the disease is an inflammatory disease, much of the research 
on IBD has focused on the role of immune cells. However, it 
has become clear that the epithelial integrity as well as fac-
tors involved in healing of mucosa may also play a role in the 
pathogenesis of the disease. Genome-wide association stud-
ies of patients with Crohn’s and colitis have identified genes 
involved in epithelial biology such as CDH1, HNF4, and 
SATB2 [1]. Thus, examining epithelial biology is critical for 
understanding how barrier function and dysfunction in IBD 
impacts epithelial health and regeneration. Regeneration is 
important because “mucosal healing” predicts long-term 
remission in patients treated for IBD.

In the past, models utilizing intestinal epithelial monolay-
ers have been used to study epithelial mechanisms of IBD and 
in the development of therapies. Despite providing some 
insight into IBD mechanisms, these two-dimensional in vitro 
models have several disadvantages. (1) They typically require 
the use of transformed or cancer cell lines that lack normal 
physiological properties of intestinal epithelium. (2) They 
are largely enterocyte models and lack the other differentiated 
cell types and thus do not reflect intestinal physiology. (3) 
Mesenchymal cells are also absent in these models. The pres-
ence of multiple cell types is particularly important for accu-
rate modeling of disease since IBD could have effects on 
multiple cell types. For example, depletion of goblet cells is 
often observed in biopsies from ulcerative colitis (UC) 
patients and Muc2 deficient mice develop spontaneous colitis, 
suggesting a role of goblet cells in pathogenesis. Glucagon like 

peptide-2, a product of enteroendocrine cells (EECs), has 
been shown to ameliorate experimental colitis in mice, sug-
gesting that EECs may play a role in regeneration. In addi-
tion, Lgr5 positive stem cells are depleted in sites of injury in 
DSS treated mice [2]. Taken together these observations sug-
gest that most differentiated cell types found in the intestine 
are involved in the pathology of IBD. Thus an organoid sys-
tem containing multiple differentiated and stem cell types 
would more accurately mimic intestinal physiology.

In the past few years the identification of adult intestinal 
stem cell markers and the ability to isolate and culture these 
cells have led to significant advances in our understanding of 
intestinal stem cell function, differentiation, and gastrointes-
tinal cancer [3–9]. Adult intestinal organoids (also called 
enteroids) can be grown in 3D culture from single Lgr5+ 
cells. These intestinal organoids display remarkable similar-
ity to intestinal epithelium in vivo. Intestinal organoids con-
tain a central lumen surrounded by a single cell layer of 
polarized epithelial cells. In addition, this single cell layer is 
organized into crypt-villus like domains containing the main 
differentiated cell types. Lgr5+ stem cells, Paneth cells, and 
proliferative progenitors localize in the crypt-like structures. 
Polarized enterocytes line the central lumen, while goblet 
cells and enteroendocrine cells are scattered throughout the 
organoid.

Since the discovery of Lgr5 as a marker of intestinal stem 
cells, several other markers of intestinal stem cells have been 
identified including Bmi1, Sox9, HopX, Lrig, and mTert 
[10–14]. Several of these markers are present in label retain-
ing cells located at the +4 position in the crypt. These cells 
cycle slowly and are now believed to be a reserve stem cell 
population. Following damage of the intestine, these cells 
lose their quiescence and contribute to regeneration of the 
intestine while giving rise to new Lgr5+ stem cells which 
will maintain homeostasis [15–17]. It is likely that the quies-
cent stem cell contributes to regeneration in mouse models 
of colitis since Lgr5+ stem cells are lost during DSS induced 
colitis. Thus studies using organoid models could elucidate 
mechanisms by which the intestinal epithelium can 
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 regenerate following damage since these organoids contain 
reserve stem cells [18].

In this chapter we review the available intestinal organoid 
models and how they have been used in the study of epithe-
lial biology and IBD (Fig. 16.1). For clarity we use three dif-
ferent terms to describe the different “organoid” types. 
Whole organoid units are derived from adult intestine and 
contain epithelial, mesenchymal, and neuronal cell types. 
Enteroids (as designated by the NIH Intestinal Stem Cell 
Consortium) are derived from adult intestinal stem cells or 
crypts and are purely epithelial organoids [19]. Induced 
human intestinal organoids (iHIOs) are derived from embry-
onic and induced pluripotent stem cells (collectively called 
PSCs) and contain both epithelial and mesenchymal cell types. 
In addition, we discuss the advantages and disadvantages of 
each model. Finally, we discuss emerging technologies and 
how they will contribute to understanding the molecular 
basis of IBD.

 Organoid Models

 Whole Organoid Units

One organoid model system was developed by Ootani et al. 
[20], whereby pieces of whole intestine or colon (including 
mesenchymal cells and enteric nerves) are grown in a liquid–
air interface, which allows for long-term growth of organoid 
structures. These organoids contain the major differentiated 
intestinal cell types found in vivo. Furthermore, the presence 
of a mesenchyme within these organoids allows growth of 
the organoids without supplementation with niche factors 
such as Noggin and R-spondin. Thus, this system would be 
advantageous for examining the effects of epithelial–mesen-
chymal interactions in the context of inflammation or regen-
eration; however, to date it has not been used to study IBD. 
However, the system has been used to effectively  investigate 
the effects of oncogene activation and inactivation of tumor 
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Fig. 16.1 Overview of Intestinal Organoid systems. Intestinal organ-
oids can be derived by a variety of methods. Intestinal crypts and 
LGR5-expressing stem cells can be isolated from IBD patient biopsies 
and grown as human intestinal enteroids, which contain epithelium 
only. Thus these human intestinal enteroids can be used to study epithe-
lial functions and mutations can be corrected using CRISPR\Cas9 gene 
editing technology. In addition, human intestinal organoids can be 
grown from whole intestinal tissue which will include stromal cells and 
enteric nerves. These human intestinal organoids can be used to study 
the interaction between epithelial, mesenchymal, and neuronal cell 

types. Induced human intestinal organoids (iHIOs) can be generated 
from human pluripotent stem cells (hPSCs) which are either from 
human embryonic stem cells or from induced pluripotent stem cells 
(iPSCs) generated from any somatic cell (blood and urine are easily 
obtained sources of somatic cells). Mutations in hPSCs can also be cor-
rected using CRISPR/CAS9. iHIOs can be used to study organ develop-
ment, tissue–tissue interactions, and to model intestinal disease. iHIOs 
resemble human fetal intestine when grown in vitro. However, iHIOs 
can be transplanted in vivo under the mouse kidney capsule to generate 
more mature, functional human intestine
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suppressor genes in mouse models and could be used to 
study these changes in the context of IBD. For example, loss 
of the APC tumor suppressor gene allows for faster recovery 
in response to DSS-mediated epithelial injury [21].

 Lgr5-Based Mouse Enteroids

The most commonly used intestinal organoid model was 
developed in the lab of Hans Clevers [9], and these will be 
referred to as enteroids because they are purely epithelial. 
Sato and colleagues demonstrated that single Lgr5+ stem 
cells could be grown into 3D enteroids in Matrigel culture in 
medium containing EGF, Noggin (BMP antagonist), and 
R-spondin (ENR). Interestingly enteroids were able to pro-
liferate and differentiate spontaneously despite the lack of 
any mesenchymal cells, suggesting that ENR media was suf-
ficient to replace the signals derived from supporting mesen-
chymal cell types. In addition, this system was used to 
demonstrate that the Paneth cells act as an ISC niche cell by 
supplying Wnt3a [5]. Although there are numerous studies 
that have used the mouse enteroid system to address ques-
tions about epithelial biology in an IBD context, we focus on 
several key examples.

One study by Günther and coworkers examined the role of 
caspase 8 in epithelial cell death and inflammation of the 
ileum [22]. This work was based on the observation that mice 
deficient in caspase 8 within the intestinal epithelium 
(Casp8ΔIEC) have depleted Paneth and goblets cells and 
develop spontaneous ileitis. Examination of enteroids derived 
from the intestines of Wild Type (WT) and Casp8ΔIEC mice 
revealed no differences in the number of Paneth cells, sug-
gesting that a factor present in vivo affected the differentia-
tion or survival of this cell type. To further explore this 
possibility, the authors examined the effect of TNF-α stimula-
tion on organoids from WT and Casp8ΔIEC mice. Interestingly, 
24 h after stimulation, WT enteroids appeared normal while 
Casp8ΔIEC enteroids underwent nec-1- dependent necrosis. In 
addition, the authors presented evidence that RIP-mediated 
necroptosis of Paneth cells was also present in samples from 
patients with Crohn’s disease and suggested that this may be 
the cause of the defective antimicrobial defense that is 
observed in these patients.

In another study, Farin and Karthaus et al. used enteroids 
to examine the effect of bacterial antigens on Paneth and 
goblet cells [23]. Interestingly these antigens had little effect 
on these cell types regardless of whether they were adminis-
tered apically or basolaterally. However, when inflammatory 
cytokines were applied to these organoids, only IFN-γ caused 
degranulation of Paneth cells. In addition, IFN-γ stimulation 
led to loss of mucus containing goblet cells and mature 
enterocytes. As a consequence of the loss of Paneth cells, 
organoid growth was severely compromised likely due to the 

role of Paneth cells as a niche cell for intestinal stem cells. 
Taken together, these studies demonstrate how this organoid 
system can be used to interrogate the effect of inflammatory 
cytokines on various cell types.

 Human Enteroids

Human enteroids (as designated by the NIH Intestinal Stem 
Cell Consortium [19]) can be grown from isolated intestinal 
crypts or CD44+CD166+CD24lo single cells in Matrigel 
based 3D culture [9, 24]. In the case of colon, single cells can 
be grown into colonoids by FACS sorting based on the 
expression of ephrin type-B receptor 2 (EPHB2) [7]. 
Enteroids have been generated from small and large intestine 
and require a unique set of growth factors. Cultured human 
intestinal enteroids (and colonoids) require Wnt3a, gastrin, 
nicotinamide, A-83-01 (Alk4/5/6 inhibitor) and SB202190 
(p38 inhibitor) in addition to basic growth media containing 
EGF, Noggin, and R-spondin-1 [8]. These enteroids display 
remarkable similarity to intestinal tissue in vivo. Enteroids 
self-organize into structures containing a central lumen sur-
rounded by a single cell layer of polarized epithelial cells. In 
addition, this single cell layer is organized into crypt-villus 
like structures which can differentiate into the main differen-
tiated cell types following withdrawal of Wnt3a, nicotin-
amide, and SB202190. Interestingly, like their mouse 
counterparts, these organoids lack mesenchymal cells, sug-
gesting that growth factors produced by mesenchymal cells 
(rather than physical interaction with these cells) are neces-
sary for maintenance of the intestinal stem cell niche.

 Directed Differentiation of Pluripotent  
Stem Cells into Induced Human Intestinal 
Organoids (iHIOs)

Another method for deriving intestinal organoids is through 
directed differentiation of human pluripotent stem cells in 
a manner that approximates embryonic development of the 
intestines [25–27]. First pluripotent stem cells are differen-
tiated into definitive endoderm by treatment with Activin 
A. Subsequent activation of Wnt and FGF pathways pro-
motes a posterior endoderm fate and induces morphogen-
esis into mid/hingut spheroids. Once formed, these midgut/
hindgut spheroids can be grown into iHIOs in three-dimen-
sional culture conditions that favor intestinal growth [9, 
26]. Moreover, growth of these spheroids into iHIOs reca-
pitulates developmental events that occur in vivo. Midgut/
hindgut spheroids transition from a simple cuboidal epithe-
lium into a pseudostratified epithelium, which then under-
goes cytodifferentiation and transitions into a polarized 
 epithelium which contains zones of differentiation and pro-
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liferation. When compared to developing mouse intestine, 
these intestinal organoid cultures undergo strikingly similar 
transitions [28]. In addition, iHIOs also contain a layer of 
mesenchymal cells which also mature along with the epi-
thelium, giving rise to fibroblasts, smooth muscle cells, and 
subepithelial fibroblasts.

Transplantation of iHIOs in vivo allows for substantial 
growth maturation of the intestinal tissue [29]. Transplanted 
iHIOs form crypts and villi as well as circular and longitudi-
nal muscle layers. Furthermore, these tissues are functional 
as demonstrated by brush border activity, mucus secretion 
and polypeptide uptake. Since iHIOs generated from IPSCs 
can also grow and mature in vivo, IBD patient specific organ-
oids could be generated and transplanted and immune cells 
from the patients could be injected to study inflammatory 
responses of the intestinal tissue. This would allow for a 
humanized mouse model of IBD that could aid in personalized 
drug development.

One example of the use of the iHIO system for IBD 
research is work by Xue and colleagues [30]. In this work, 
iHIOs were used to model inflammatory hypoxia. When 
iHIOs were grown in 1 % oxygen, they increased their 
expression of TNF-α when compared to organoids grown in 
ambient oxygen. When the hypoxia inducible factor EPAS1 
was inhibited by a chemical antagonist, the increase in 
TNF-α expression was inhibited. This work suggests that 
iHIOs are capable of expressing proinflammatory cytokines 
in the context of hypoxia. However, it was unclear if TNF-α 
expression was initiated by the epithelium or mesenchyme of 
the iHIOs.

 Choosing an Organoid Model

Because of the variety of organoid models available, the 
advantages and disadvantages of each model should be taken 
into consideration. The use of the right model is dependent 
on the biological question to be addressed and cell type(s) to 
be examined. Here we discuss the advantages and disadvan-
tages of the three main organoid models.

Enteroids from mouse intestine are a great model system 
for many reasons. First, these organoids are strictly epithelial 
and can be used to study epithelial biology directly. Second, 
genetic tools are available to examine lineage tracing, gener-
ating conditional knockouts and for visualizing epithelial 
architecture in live organoids. The availability of these tools 
is advantageous especially in the context of gene knockouts 
which may affect organoid viability. In this case, organoids 
can be grown and the gene of interested can be excised using 
an inducible Cre. Another advantage of this system is that 
organoids maintain zones of proliferation and differentia-
tion. This is especially important when examination of 

multiple cell types is desired. There are several properties of 
this system that may limit its utility for human IBD studies, 
for example as a murine system it may not reflect human 
pathobiology. Second, enteroids being epithelial only, can 
not be used to study the role of mesenchymal/stromal cell 
types in IBD. Lastly, one limitation of all organoids is that 
there are no immune cells present; however, addition of 
exogenous immune cells is possible.

Human intestinal enteroids offer an alternative to mouse 
enteroids. The most obvious advantage is that human intes-
tinal enteroids are derived from humans and thus may more 
accurately reflect human intestinal epithelial cell biology. 
Furthermore, human intestinal enteroids can be generated 
from normal and diseased patients in order to examine epi-
thelial biology within a disease context. In addition, 
enteroids are amenable to CRISPR\Cas9 mediated gene 
editing, which can allow for correction of mutated genes 
[31] or to modify tumor suppressor and oncogenes for mod-
eling colorectal cancer [32, 33]. This system does have 
some disadvantages. First, generation of these enteroids 
requires human patient samples which may be difficult to 
obtain. Second, the majority of surgical samples are from 
diseased patients so these organoids may not reflect normal 
intestinal physiology. Moreover, enteroids do not maintain 
proliferation and differentiation to the extent that mouse 
organoids do. Thus, this system may be impractical when 
interrogating questions which require the presence of the 
main intestinal call types. As with mouse enteroids, human 
enteroids are only epithelial and therefore mesenchymal 
interactions cannot be studied.

Induced Human intestinal organoids derived from human 
pluripotent stem cells also have unique advantages and disad-
vantages. First, these organoids are human and they can be 
generated from human pluripotent stem cells, which can be 
grown and expanded infinitely. Second, these organoids con-
tain a mesenchymal layer that matures with the epithelium and 
thus can be used to study epithelial–mesenchymal interac-
tions. This is especially important when examining a suscepti-
bility gene like NKX2-3 which is expressed in the intestinal 
mesenchyme [1, 34]. Furthermore, human pluripotent stem 
cells are amenable to viral based transgene delivery as well as 
CRISPR\Cas9 mediated gene editing [26, 35]. Lastly, as 
describe above, human intestinal organoids can be grown 
in vivo, whereby they mature and form crypts from which 
enteroids can be derived [29]. This allows for patient- specific 
derivation of organoids and enteroids without the need for sur-
gical acquisition of intestinal tissues. However, iHIOs have 
limitations. First, in vitro grown organoids are fetal in nature, 
which inhibits the examination of mature differentiated cell 
types. Second, these organoids lack regional specificity, which 
may be crucial for accurate modeling since IBD often presents 
in specific regions of the small and large intestine.

J.O. Múnera and J.M. Wells



171

 Translation of Organoid Models of IBD

Organoid model systems have revolutionized the field of 
gastrointestinal biology by fostering the interrogation of bio-
logical question in a complex ex vivo model which recapitu-
lates many aspects of normal intestinal physiology. 
Importantly, human organoid systems can eliminate con-
cerns about species differences where human pathology is 
not adequately modeled in murine systems. So how can these 
systems be translated into medical applications? In this sec-
tion we discuss how emerging technologies advance the use 
of organoid systems in medicine.

Because IBD is a multifactorial disease, epithelium only 
organoid systems may not fully recapitulate aspects of dis-
ease. As mentioned previously, some IBD susceptibility 
genes are expressed specifically in the mesenchyme. To 
study mesenchymal factors, the iHIO system, which con-
tains mesenchyme, would allow interrogation of the role of 
mesenchymal factors in IBD. The microbiota constitute 
another system that is perturbed in IBD but has not been 
studied in an organoid system. Although the microbiota 
exist in an anoxic environment, the ability of organoids to 
grow in low oxygen, and the relatively hypoxic nature of the 
organoid lumen open the possibility for incorporation of 
microbiota. Finally incorporation of immune cells into 
organoid cultures would be essential for elucidating mecha-
nisms of communication between these cells and the intesti-
nal epithelium. Given that immune cells are largely housed 
in the stroma, whole organoid units and iHIOs, both con-
taining mesenchyme, might be good systems to start with 
for incorporation of immune cells. A comparison of 
enteroids and mesenchyme-containing systems would allow 
for systematic analysis of how different cell types interact 
with immune cells.

With the advent of CRISPR\Cas9 technology, an efficient 
method for gene editing, it is now possible to generate genet-
ically modified organoid systems containing cell reporters 
for live cell imaging and monitoring organoid function. With 
regard to IBD research, CRISPR\Cas9 technology could be 
used to generate organoids that contain mutations associated 
with IBD susceptibility. Alternatively, enteroids or organoids 
could be generated from IBD patients to examine the effects 
of mutations on epithelial biology. CRISPR\Cas9 technol-
ogy could then be used to correct the mutation to determine 
if phenotype can be reversed. Proof of concept for this 
approach has been demonstrated in enteroids from cystic 
fibrosis patients which could be corrected using CRISPR\
Cas9 technology [31].

Regenerative medicine is another possible therapeutic use 
of organoid systems. Intestinal tissue generated ex vivo 
could be used to replace damaged intestinal tissue in IBD 
patients. Proof of concept for this approach has been shown 

in mice. Colonoids generated from single Lrg5+ colonic 
stem cells are able to engraft into the colon of mice with 
chemically induced mucosal lesions [36]. Generation of 
enteroids from IBD patient biopsies or generation of iHIOs 
from patient derived induced pluripotent stem cells could be 
used to generate tissue for transplantation. In addition, 
patient mutations could be corrected using gene editing tech-
nology. Despite the promise of regenerative medicine, vastly 
improved methods to efficiently and safely incorporate engi-
neered intestinal tissue will need to be developed before 
tissues could be used therapeutically.

Lastly, intestinal organoids hold promise for the field of 
personalized medicine. Patient derived enteroids or organoids 
could be used to screen drugs that may be effective in treating 
IBD. This approach has been used, whereby a biobank of 
human colorectal cancers was used for drug screening [37]. 
Such studies could be aided further by new high-throughput 
microfluidic technologies that allow screening of thousands 
of organoids [18].

 Conclusions and Future Directions

The development of organoid methodologies has led to an 
expanded knowledge of intestinal epithelial cell biology. 
Organoid systems are well suited for use in personalized 
medicine and regenerative medicine. Important improve-
ments to organoid-based systems could include incorpora-
tion of additional cellular complexity, such as immune cells, 
which would allow for better modeling of IBD. Being able 
to manipulate cell types, genetically or via the culture con-
ditions, should allow for a mechanistic dissection of the 
cellular and molecular mechanisms that participate in the 
pathogenesis of IBD. With the evolution of new technolo-
gies for gene editing and high-throughput analysis of organ-
oids using microfluidic platforms, as well as the feasibility of 
whole-genome sequencing, the use of organoid systems for 
personalized medicine should be greatly expedited.
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 Introduction

Patients with long-standing extensive ulcerative colitis  
as well as patients with Crohn’s associated colitis are at 
increased risk of developing colorectal cancer [1]. Colo-
noscopic surveillance is recommended in those patients to 
reduce associated mortality [2]. Surveillance relies on the 
detection of premalignant dysplastic tissue, and where mul-
tifocal dysplasia is detected, proctocolectomy remains the 
management of choice for colitis-associated neoplasia.

In general, the prognosis for patients with malignancies 
of the GI-tract is strictly dependent on early detection of pre-
malignant and malignant lesions. However, small, flat or 
depressed neoplastic lesions [like colitis associated neopla-
sias] remain difficult to detect with conventional endoscopic 
technologies (e.g. standard resolution colonoscopy), thereby 
limiting their value for polyp detection and cancer 
screening.

Thus, what should an ideal enhance imaging method to be 
able to accomplish?

Three diagnostic steps are important: recognition; charac-
terization and confirmation (see Fig. 17.1).

Recognition of lesions in the gut can be improved using 
better scopes, which have better imaging modalities like 
high resolution or high definition. Characterization of lesion 
type and surface architecture is important to predict histol-
ogy, which can be eased with conventional chromoendos-
copy or digital chromoendoscopy or magnifying or close 
focus endoscopy.

Here, a proposal for a consensus terminology for new 
imaging modalities is available and should be used [3].

Finally, histological confirmation is needed to define 
whether cancer is present or not. This can be accomplished 
by conventional histology or with in vivo histology using 
endocytoscopy or confocal laser endomicroscopy. Confocal 
laser endomicroscopy with specific contrast agents will open 
a new door of tailored and individualised diagnosis.

 High-Resolution, High-Definition 
and Magnifying Endoscopy

High-resolution and magnification endoscopes offer image 
quality that is significantly better than that of first-generation 
video endoscopes or the older fiber-optic systems. The reso-
lution of an endoscopic image is a different quality from the 
magnification, and is defined as the ability to distinguish 
between two points that are close together. High-resolution 
imaging improves the ability to discriminate details while 
magnification enlarges the image. In digital video imaging, 
resolution is a function of pixel density. By incorporating 
high-pixel density charged-coupled devices (CCD), high- 
resolution endoscopes provide slightly magnified views of 
the gastrointestinal tract with greater mucosal detail. 
Magnification endoscopy utilises a movable lens controlled 
by the endoscopist to vary the degree of magnification, 
which ranges from ×1.5 to ×150. Newly designed magnifica-
tion endoscopes provide high-resolution and magnification 
features [4].

Super magnifying endoscopes provide magnification up 
to 1100-fold. These endoscopes are called endocytoscopes. 
Endocytoscopy allows in conjunction with intravital staining 
identification of cellular structures [5].

High definition endoscopes are currently broadly avail-
able. Here, CCDs convert light information into an elec-
tronic signal. This signal is processed in the video-processor 
into an image. The standard analogue broadcasting systems 
(PAL or NTSC) generate approximately 480–576 scanning 
lines on a screen. The new high definition endoscopes can 
generate up to 1080 scanning lines on a screen, which further 
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increases the resolution. Surface analysis on distinct lesions 
can be done even before magnification (see Fig. 17.2). There 
are convincing data about screening colonoscopy emerging 
showing that high definition endoscopy lead to an increased 
detection of patients having at least one adenoma [6].

 Wide View Colonoscopes and Balloon 
Assisted Colonoscopy

The so-called FUSE-colonoscope (Endoschoice, USA) has 
three optics at the distal tip of the colonoscope. Fuse colono-
scopes feature cameras at the tip as well as on the sides of  
the scope providing a panoramic 330° view of the colon.  

The wide view facilitates navigation to the cecum as well as 
intubation of the terminal ileum. Studies have demonstrated 
that the adenoma detection rate can be significantly increased 
and the miss rate of adenomas can be significantly reduced [7].

Balloon assisted colonoscopy (G-EYE Colonoscopy) 
allows straightening colonic folds during withdrawal. 
Furthermore, endoscope slippage is reduced and the insuf-
flated distal ballon of the colonoscope canters the endoscopic 
image and facilitates polyp removal by “anchoring” the 
endoscope in front of the polyp.

The silicone balloon is permanently mounted on any 
desirable colonoscope. The balloon is insufflated during 
withdrawal and pressure of the balloon is automatically 
controlled.

Fig. 17.1 Enhanced 
endoscopic technologies to 
improve the three essential 
steps to final diagnosis

Fig. 17.2 Flat and depressed colitis-associated neoplasia diagnosed with chromoendoscopy [methylene blue]
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Studies have proven the benefit of the G-EYE system. 
Adenoma detection rates are significantly improved and ade-
noma miss rates are significantly reduced [8].

However, the benefit of wide viewing colonoscopy and 
balloon-assisted colonoscopy for IBD patients is not deter-
mined yet.

 Chromoendoscopy

Chromoendoscopy or tissue staining is a relatively “old” 
endoscopic technique that has been used for decades.  
It involves the topical application of stains or pigments  
to improve localization, characterization, or diagnosis of 
lesions [9]. It is a useful adjunct to endoscopy; the contrast 
between normally stained and abnormally stained epithelium 
enables the endoscopist to make a diagnosis and/or to direct 
biopsies based on a specific reaction or enhancement of sur-
face morphology (see Fig. 17.2).

The technique for staining is simple and easy to learn. 
Chromoendoscopy can be done in an untargeted fashion of 
the whole segment (Panchromoendoscopy) or directed 
towards a specific lesion (targeted staining). While spraying 
dyes in the colon in an untargeted fashion, the endoscopist 
needs to direct the endoscope and catheter tip towards the 
colorectal mucosa and use a combination of rotational 
clockwise- counter clockwise movements with simultaneous 
withdrawal of the endoscope tip.

Surface analysis of stained colorectal lesions was a new opti-
cal impression for the endoscopists in the nineties. First, Kudo 
et al. described that some of the regular staining patterns are 
often seen in hyperplastic polyps or normal mucosa, whereas 
unstructured surface architecture was associated with malig-
nancy. Also the kind of adenoma (tubular vs. villous) can be 
seen by detailed inspection. This experience has lead to a cate-
gorization of the different staining patterns in the colon: The 
so-called pit-pattern classification [10] differentiated five types 
and several subtypes. Types 1 and 2 are staining patterns pre-
dicting non-neoplastic lesions, whereas types 3–5 are predicting 

neoplastic lesions. With the help of this classification the endos-
copist may predict histology with good accuracy. Although the 
pit-pattern classification was developed by the help of magnify-
ing endoscopes the question arises whether an endoscopic dif-
ferentiation of different staining patterns can also be done with 
the help of the more common high-resolution endoscopes.

Chromoendoscopy has shown significant advantages in 
the detection of flat colorectal neoplasia and in colitis associ-
ated neoplasia [11].

Magnifying chromoendoscopy using either methylene 
blue or indigo carmine is a valid and proven tool for 
 improving endoscopic detection of intraepithelial neop-
lasia in patients with long-standing ulcerative colitis. 
Chromoendoscopy increased the diagnostic yield of 
 intraepithelial neoplasia as compared with conventional 
colonoscopy 3- to 4.5-fold. Differentiation of non-neoplastic 
from neoplastic lesions is possible with a high overall sensi-
tivity and specificity. Chromoendoscopy is endorsed in mul-
tiple guidelines as a superior and recommended alternative 
to conventional colonoscopy with random biopsies [12].

An international guideline (SCENIC) was published 2015 
underlining the importance of chromoendoscopy with guided 
biopsies as the standard for surveillance in patients with  
IBD [13].

 Digital Chromoendoscopy

Conventional white light endoscopy uses the full visible 
wavelength range to produce a red-green-blue image. In con-
trast, narrow band imaging, in combination with magnifica-
tion endoscopy, illuminates the tissue surface using special 
filters that narrow the respective red-green-blue bands. This 
enhances the tissue microvasculature mainly as a result of 
the differential optical absorption of light by haemoglobin in 
the mucosa associated with initiation and progression of dys-
plasia, particularly in the blue range. To some extent, the 
resulting images look like “chromoendoscopy without dyes” 
(see Figs. 17.3 and 17.4).

Fig. 17.3 Types and function of digital 
chromoendoscopy (filter aided endoscopy)
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Alternatively, the light which is reflected from the 
 mucosal can be modified using post processing computer 
algorithms (FICE, i-Scan, SPIES). This can modulate differ-
ent forms of enhancement, which leads to an accentuation of 
the vasculature, the surface architecture or the pattern visu-
alisation (see Figs. 17.3 and 17.4). However, none of these 
filters has proven so far any benefit diagnosing colitis associ-
ated neoplasia [14, 15].

 Autofluorescence Imaging

Autofluorescence imaging systems are available that use 
video endoscopes with two CCDs: one for high-resolution 
white light endoscopy and one for autofluorescence imaging 
(AFI). The autofluorescence image is a pseudo-colour image 
composed from three integrated images: (1) the total auto-
fluorescence after blue light excitation (395–475 nm); (2) the 
green reflectance (540–560 nm); and (3) the red reflectance 
(600–620 nm).

A new system has become available that incorporates 
high-resolution endoscopy, AFI and NBI in one single 
 system: endoscopic tri-modality imaging (ETMI). This 
 system has a new autofluorescence algorithm in which the 

fluorescence image is composed of two integrated images 
instead of three images: total autofluorescence after  
blue light excitation (395–475 nm) and green reflectance. 
Autofluorescence in conjunction with NBI can help to 
unmask colitis- associated neoplasias [16].

 Optical Coherence Tomography

Optical coherence tomography (OCT) is a high-resolution 
cross-sectional imaging technique. It is analogous to B-mode 
high-resolution endosonography but uses light waves instead 
of acoustic waves. As a result, OCT has a high resolution, up 
to ten times higher than high-frequency ultrasound, enabling 
microstructural features of tissue to be identified, but it has a 
limited sampling depth of 1–2 mm [17] OCT measures the 
intensity of back scattered light from tissue at various depths 
using low-coherence interferometry.

OCT is a probe-based technique in which the probe is 
passed through the accessory channel of an endoscope. 
Unlike endosonography, OCT can be performed without a 
coupling media (e.g. water). The OCT catheter has to be 
positioned adjacent to the mucosa within the system’s focal 
distance (1-5 mm), which may be difficult due to the move-

Fig. 17.4 Filter aided colonoscopy in IBD. (A, B): Normal colonic mucosa with (a) and without (b) i-scan imaging. (C, D) Inflamed mucosa (see 
arrow) (c) and neoplastic changes (see arrow) visualised with i-scan
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ment of the oesophagus by peristalsis and heart beat.  
In  addition, compression artefacts may be seen when the 
probe comes in contact with the mucosa. OCT can easily dif-
ferentiate normal epithelium from abnormal tissue with high 
accuracy. However, the detection and grading of high-grade 
dysplasia and early cancer remain still challenging [18].

Future developments in OCT, such as ultra-high resolu-
tion OCT, spectroscopic OCT, Doppler OCT and optical 
frequency-domain imaging, may enhance the accuracy of 
OCT for the detection of dysplasia and give rise to other 
applications.

 Endocytoscopy

Endocytoscopy is based on the principle of light contact 
microscopy. The first studies using this system were per-
formed in the field of otolaryngology. After application of 
methylene blue the tip of a rigid endoscope was placed in 
direct contact with the surface. With this method cytological 
details can be directly visualised, making direct observation 
of living cells feasible [5, 19]. The first endocytoscopy sys-
tem was, however, a rigid instrument, which is not practical 
for use in the gastrointestinal tract. Therefore, a novel endo-
cytoscope system has been developed, the Endocytoscope. 
This system consists of two flexible endoscopes with a diam-
eter of 3.2 mm that can easily pass through an accessory 
channel with a diameter of 3.7 mm: one low-magnification 
endocytoscope with a maximal magnification of 450× and a 
high-magnification endocytoscope with a maximal magnifi-
cation of 1100×. Recently, the integration of the endocyto-
scope within an otherwise conventional endoscope could be 
achieved.

Endocytoscopy is used to identify cellular and nuclei 
architecture of the surface layer of the epithelium. Residual 
mucin and moving artefacts can alter its accuracy. However, 
the combination of macroscopy (white light endoscopy) and 
microscopy (endocytoscopy) has lead to better understand-
ing of the surface micro-architecture.

The current system, however, cannot visualise the deeper 
layers of the epithelium and is, therefore, not yet suited for 
evaluating early neoplasia with respect to depth of invasion. 
However, automated surface analysis has shown to be highly 
accurate diagnosing neoplastic and non-neoplastic tissue [20].

 Confocal Laser Endomicroscopy

Confocal laser endomicroscopy is a new imaging modality 
for gastrointestinal endoscopy. It offers in vivo imaging of 
the mucosal layer at cellular and even subcellular resolution. 

Thus, in vivo histology becomes possible during ongoing 
endoscopy. This new imaging modality provides more than 
conventional histology, because cellular interaction can be 
observed over time (physiology) and distinct changes can  
be identified (pathophysiology) [21].

 Principle of Confocal Microscopy and Types 
of Endoscopic Endomicroscopes

Confocal microscopy allows a better spatial resolution com-
pared with conventional fluorescence microscopy, because 
images are not contaminated by light scattering from other 
focal planes. A low power laser is focused to a single point 
in a defined microscopic field of view and the same lens is 
used as both condenser and objective folding optical path. 
Thus, the point of illumination coincides with the point of 
detection within the specimen. Light emanating from that 
point is focused through a pinhole to a detector and light 
emanating from outside the illuminated spot is rejected from 
detection. Illumination and detection system are at the same 
focal plane and termed as “confocal”. All detected signals 
from the illuminated spot are captured and measured. The 
created greyscale image is an optical section representing 
one focal plane within the examined specimen. The image of 
a scanned region can now be constructed and digitised by 
measuring light returning to the detector from successive 
points.

The first publication about an integrated confocal fluores-
cence microscope into the distal tip of a conventional colo-
noscope (Pentax EC 3830FK, Tokyo, Japan) was made 2004 
[22] showing that in vivo microscopy at subcellular resolu-
tion (0.7 μm) simultaneously displayed to white light endos-
copy became possible and achieved high accuracy. This 
approach, designated confocal laser endomicroscopy (CLE), 
permitted immediate diagnosis of colorectal intraepithelial 
neoplasias using fluorescein or acriflavin as contrast agents. 
The integrated endomicroscopic system is no longer com-
mercially available. Probe based confocal endomicroscope 
has replaced it. Here, an endomicroscopic probe can be 
passed over the working channel of standard endoscopes 
[23] (see Fig. 17.5).

 Contrast Agents

Fluorescence confocal imaging is only possible using 
 exogenous fluorescence contrast agents. Potentially suitable 
agents are fluorescein, acriflavine or cresyl violet [24]. The 
most common and safe contrast agent is fluorescein sodium 
(5–10 ml of a 10 % solution; intravenous application) [5].

17 Enhanced Endoscopy
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 Clinical Data of Endomicroscopy

Endomicroscopy enables to predict and see histological 
changes with high accuracy based on simple classifications, 
which includes vessel and cellular changes [5]. Endomic-
roscopy is more accurate than high definition or filter aided 
endoscopy [25] (see Fig. 17.6).

Endomicroscopy further expands the diagnostic possibili-
ties of chromoendoscopy in patients with inflammatory 
bowel diseases. Chromoendoscopy is able to reveal circum-
scribed lesions, and confocal laser microscopy can be used 
to confirm intraepithelial neoplasias with a high degree of 
 accuracy [26]. Biopsies can therefore be limited to targeted 
sampling of relevant lesions. In vivo histology with 
 endomicroscopy may lead to significant improvements in the 
clinical management of patients with ulcerative colitis, with 
reduced numbers of biopsies being needed for confirmation 
of the condition and time being gained for immediate thera-
peutic intervention.

 Functional and Molecular Imaging

Endomicroscopy can not only be used to receive histology. 
The great potential of endomicroscopy is to display and 
observe physiologic and pathophysiologic changes during 
ongoing endoscopy. Furthermore molecular imaging 
becomes possible.

Cell shedding is a physiologic process. After cell shed-
ding an epithelial gap occurs, this is sealed within seconds. 
Patients with inflammatory bowel disease show malfunction 
of gap closure, which can lead to invasion of bacteria into the 
lamina propria and represents the “leakiness” of the gut. 
These changes can be observed with endomicroscopy and 
predict the clinical course of the disease [27]. Endomicroscopy 
displays not only tissue also bacterial interaction with the 
mucosal layer can be seen [28] (see Fig. 17.7).

Molecular imaging is already achieved [29]. Dysplastic 
colonic crypts could be selectively stained with fluores-
cence heptapeptides. Also labelled adalimumab can be 
visualised within the mucosal layer [30]. This approach 
will open the door for new clinical algorithms, which will 
be dependent on the endomicroscopic findings (e.g. predic-
tion of the efficiency of chemotherapy with biological). 
Also distinct receptors can be visualised [31, 32] (see 
Fig. 17.7).

 Conclusion

New imaging modalities of gastrointestinal endoscopy are 
rapidly evolving, and they will greatly influence everyday 
work in the very near future. Patients with IBD will substan-
tial profit of these new developments because they face an 
increased cancer risk even at young age.

The progress of endoscopic techniques follows substantial 
innovations in IT (information technology), biotech nology 

Fig. 17.5 Types of 
endomicroscopy
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and multimedia. We are currently facing only the beginning 
of a new era where computer assisted solutions and tech-
nical innovations will greatly influence our diagnostic 
strategies.

A main goal is the early detection of gastrointestinal 
 cancer, because it is highly cost effective and convincing. 
Evolving technologies are helping to improve our diagnosis 
from recognition over characterization to confirmation.

Fig. 17.6 Image examples of endomicroscopy. (A, B) Normal colonic 
crypts (arrow) with goblet cells (a) and hyperplastic changes (b; arrow). 
(C, D) Vessels (c) in inflamed mucosa with visible red blood cells 

(arrow). Tubular changes (d) with loss of goblet cells (low-grade 
intraepithelial neoplasia) (d)
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The assessment of small bowel pathology has always been a 
difficult task for radiologists and gastroenterologists, mainly 
due to its remoteness from the mouth and anus and to the 
length of small bowel loops [1]. The wide range of methods 
currently available for the evaluation of the small bowel, 
including radiologic and endoscopic techniques, is a confir-
mation of this difficulty. The radiologic techniques include 
small bowel follow-through (SBFT), fluoroscopic enterocly-
sis, ultrasound (US), conventional computed tomography 
(CT), CT enteroclysis (CTe), CT enterography (CTE), mag-
netic resonance (MR) enteroclysis (MRe) and MR enterog-
raphy (MRE). Endoscopic methods include ileoscopy, 
enteroscopy and wireless capsule endoscopy (CE).

Magnetic resonance enterography and enteroclysis con-
sist in the high spatial resolution imaging of the small bowel 
with MR following the administration of large amounts of an 
enteric contrast agent, either orally (enterography) or using a 
nasojejunal tube (enteroclysis). The techniques would not be 
as accurate as we know them today without the last decade 
advances in MR technology. New scanners and new pulse 
sequences have been developed, allowing, for instance, for 
breath-hold isotropic or near-isotropic spatial resolution, 
robust cine-imaging and diffusion-weighted imaging. 
Moreover, the combined use of intravenous (IV) and specific 
enteric contrast agents optimizes luminal distension and per-
mits the distinction of the layers of the bowel wall, the fluid- 
filled lumen and the adjacent mesenteric fat.

Compared with the traditional SBFT examination, CT 
and MR have several advantages: (1) they display the entire 
thickness of the bowel wall, (2) they permit the examination 
of the deep ileal loops in the pelvis without superimposition 
and (3) they allow the evaluation of the perienteric fat and 
mesentery. They also allow assessment of the remaining 
abdominopelvic organs. Because of the abovementioned 

reasons, CT and MR enterography have been promptly 
implemented by many institutions as the primary techniques 
used to image the small bowel, especially for Crohn’s dis-
ease (CD), which is by far the most common indication.

 Reasons of Success of CT and MR 
Enterography

The volume of CTE and MRE exams ordered to study diag-
nosed or suspected CD has progressively increased over the 
last decade in the vast majority of the institutions that have 
this exam available [2]. We believe there are three main rea-
sons that motivate this growth: (1) the emergence of wireless 
capsule endoscopy, (2) the availability of new drugs, like 
infliximab, (3) the growing body of evidence about CTE/
MRE performance and the proven clinical benefit of their 
use. We now discuss a little further these three aspects.

 The Influence of the Emergence of Wireless 
Capsule Endoscopy

Wireless capsule endoscopy was introduced in 2000 and 
since then it has been demonstrated in repeated studies that 
the fluoroscopic radiological studies provide incomplete 
information about CD presence and extent [3].

In a prospective study comparing CE with SBFT and CT 
in 35 patients with suspected CD (using ileoscopy as the 
 reference standard), the diagnostic yield of CE was 77 %, ver-
sus 23 % of fluoroscopic radiological techniques (p < 0.05) 
[4]. The CE identified all true lesions found by SBFT, 
expanded the regions of involvement in some patients, estab-
lished a diagnosis in one-fourth of the patients when the 
SBFT was interpreted as normal and excluded the diagnosis 
suspected by the radiological studies in 10/35 patients (29 %).

Just to give another example, in a prospective study com-
paring four small-bowel imaging techniques (SBFT, CTE, 
ileoscopy and CE) for depiction of abnormal findings in 
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patients known to have or suspected of having CD, 
 small- bowel findings positive for CD were present in 12 of 
17 (71 %) CE examinations, 11 of 17 (65 %) ileoscopic 
examinations and 9 of 17 (53 %) CTE examinations; how-
ever, fluoroscopic radiological examinations only found 
abnormalities in 4 of these 17 patients (24 %) [5].

These results are not surprising, as fluoroscopic small- 
bowel studies were known to have some important limita-
tions: the changeable examination techniques of SBFT, the 
patient discomfort of enteroclysis, the low sensitivity for the 
detection of mild disease (such as aphthous ulcers), the lack 
of assessment of the entire bowel wall, the difficulty in the 
evaluation of some ileal loops due to superimposition [6], 
etc. However, these drawbacks became much more evident 
with the beginning of CE utilization. Simultaneously, CTE 
and MRE performance and clinical impact started to be 
proven (as discussed below). These factors profoundly con-
tributed to the significant decrease in the number of fluoro-
scopic small-bowel examinations ordered by the clinicians 
and their replacement by CTE or MRE.

 The Influence of the Development  
of New Medications for CD

Infliximab is a monoclonal antibody against tumour necrosis 
factor alpha (TNFα). TNFα has diverse pro-inflammatory 
effects within the intestinal mucosa and is a pivotal cytokine 
in the inflammatory cascade [7]. The first study demonstrat-
ing the efficacy of Infliximab in CD was published in the New 
England Journal of Medicine (NEJM) in 1997 [8]. This study 
was a randomized, double-blind, placebo-controlled trial. 
Eighty-one percent of patients treated with a single dose of 
Infliximab 5 mg/kg achieved clinical response at the fourth 
week, while only 16 % of patients treated with placebo accom-
plished clinical response. The efficacy of Infliximab in the 
treatment of fistulizing CD was first demonstrated in a study 
published in the NEJM in 1999 [9]. The primary efficacy 
analysis showed that 68 % of patients treated with Infliximab 
5 mg/kg at weeks 0, 2, and 6 achieved the primary endpoint of 
a greater than 50 % reduction in fistulae, while only 26 % of 
patients taking placebo accomplished the same endpoint.

But Infliximab was only the first of a new generation of 
revolutionary medicines for CD patients. Adalimumab, for 
instance, a human recombinant DNA anti-TNFα antibody 
that can be given subcutaneously [10], became also available 
and was approved by the U.S. Food and Drug Administration 
(FDA) in 2002.

These medications are very effective, but also very expen-
sive. Yearly patient costs of infliximab and adalimumab 
average $25–35,000 in the U.S.

In addition, there are significant risks associated with the use 
of these new biological agents. Morbidity and even mortality 

may result from infections, lymphatic/hematopoietic cancers, 

septicemia and respiratory diseases that may be related to the 
use of these immunomodulatory medications. A relatively 
recent systematic review estimated a 1-year incidence of death 
from serious infection of 0.4 % and a rate of lymphoma of 0.2 % 
among patients with moderate to severe CD unresponsive to 
conventional therapy who received infliximab [11]. Another 
study investigated the risk of opportunistic infections in patients 
with IBD [12] and the results in terms of odds ratio (OR) were 
the following: in univariate analysis, use of corticosteroids—
OR, 3.4; 95 % CI, 1.8–6.2—, azathioprine/6-mercaptopurine—
OR, 3.1; 95 % CI, 1.7–5.5—, and infliximab—OR, 4.4; 95 % 
CI, 1.2–17.1—were associated individually with significantly 
increased odds for opportunistic infection; multivariate analysis 
indicated that use of any of these drugs yielded an OR of 2.9 
(95 % CI, 1.5–5.3), whereas use of two or three simultaneously 
yielded an OR of 14.5 (95 % CI, 4.9–43) for opportunistic infec-
tion. Other side effects of Crohn’s medications include severe 
agranulocytosis (from sulfasalazine) [13], bone marrow sup-
pression (from azathioprine, including life- threatening agranu-
locytosis in about 0.3 % of patients and leucopenia in up to 10 % 
of patients) [14] non-Hodgkin’s lymphoma [15], tuberculosis 
(infliximab) and other serious severe or opportunistic infections 
(in up to 4 % of patients) [16], drug-induced lupus (infliximab) 
[17], and, very rarely, noncurable hepatosplenic T cell lym-
phoma (infliximab) [18] and progressive multifocal leukoen-
cephalopathy (natalizumab) [19].

On the other hand, to not introduce these effective drugs 
when indicated may have a deleterious impact in patients’ 
morbidity and mortality. And these are not negligible, in 
CD. Several long-term population-based studies have 
described increased mortality rates with CD [20]. A meta- 
analysis found 50 % increased mortality in the CD popula-
tion [21]. The increased overall mortality may be attributed 
to death from gastrointestinal complications, gastrointestinal 
malignant neoplasms and some extraintestinal manifesta-
tions [22]. A population-based study done in the Olmsted 
county (MN, USA) found that 32 % of all deaths in the CD 
cohort related directly to the underlying disease. These 
deaths were related to severe fistulizing CD, post-surgical 
sepsis secondary to immunomodulator theraphy, etc. [20]. In 
another large population study, increased mortality in CD 
population was most strongly related to infections, septice-
mia and other digestive diseases other than CD.

These two aspects—(1) important cost and potential side 
effects from IBD drugs and (2) significant morbidity and 
mortality that can potentially be prevented with a judicious 
administration of such drugs—prompt the Gastroenterologists 
to try to acquire all the possible reliable information about 
the patients and their disease, in order to avoid the risks of 
not initiating immunosuppression in patients where it is 
 indicated and the drawbacks associated with a delay in the 
diagnosis due to diagnostic uncertainty or underestimation 
of disease extent and severity. They need objective informa-

tion about the presence of active inflammation, the extension 
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of the disease, the existence of penetrating disease and the 
presence of complications that preclude medical therapy. 
Besides imaging, the main tools Gastroenterologists have at 
hand to decide their approach are the historical data, patient 
symptoms, endoscopic assessment and serum markers. 
These other sources of information are reflected in numerous 
scoring systems seeking to objectively quantify disease type 
and severity: the Crohn’s Disease Activity Index (CDAI), the 
Harvey–Bradshaw Index (HBI), the Perianal Disease 
Activity Index, the Fistula Drainage Assessment, the 
Endoscopic Index of Severity, the Scoring System for CD 
mucosal biopsy specimens, etc. Unfortunately, these indices 
and the information they reflect are prone to interobserver 
variability and incorporate subjective terms like “well-being” 
or “abdominal pain”. Moreover, it is known that both CDAI 
and HBI downgrade draining fistulae, and that histologic 
evaluation does not match other estimates of activity [23].

Given all these aspects, more objective measures of active 
disease and complications are needed, and this is why CTE 
and MRE, with all the evidence regarding their performance 
and clinical impact (discussed below), gained preponderance 
and became very frequently ordered by IBD-dedicated 
Gastroenterologists.

 MRE Performance and Clinical Benefit

Another important factor contributing to the increase in the 
popularity of CTE was the rising body of evidence concern-
ing CTE’s performance and clinical benefit.

 MRE Performance
A recent study evaluated 33 patients with suspected active 
ileal Crohn’s disease that underwent CT enterography and 
ileo-colonoscopy, 30 of which subsequently underwent MR 
enterography [24]. The sensitivities of MR enterography and 
CT enterography for detecting small bowel disease were very 
similar (90.5 % vs. 95.2 %). In 8 patients (24 %) MR enterog-
raphy and CT enterography identified inflammatory changes 
when endoscopy demonstrated normal ileal mucosa. This was 
due to the presence of bowel inflammation in the proximal 
small bowel in four patients (i.e. skipping of “terminal” TI), 
intramural disease in four patients (as manifested by mural 
hyperenhancement, wall thickening, or mural stratification on 
MRE and CTE at the TI or neoterminal ileum), and penetrat-
ing disease in one patient. Several important conclusions can 
be drawn from the results of this study: (1) CTE and MRE 
accuracy is very high; (2) there is a complementary role of 
cross-sectional imaging with endoscopy where mucosal 
assessment alone may underestimate the extent of transmural 
involvement (which also means ileocolonoscopy is not perfect 
as a reference standard for CTE/MRE); (3) CT and MR 
enterography perform similarly. This last point is important 

because it shows that the large body of evidence available for 

CTE (studies of the first decade of this century were largely on 
CTE rather than on MRE) applies to MRE.

As another example of a study on the performance of 
cross-sectional imaging of the small bowel, Solem et al. pub-
lished in 2008 a head-to-head trial comparing CTE, CE, ileo-
colonoscopy and SBFT in 42 patients with suspected or 
known CD. The sensitivity of CTE was 82 % (almost identi-
cal to the sensitivity of CE, 83 %), and the specificity was 
89 % (significantly higher than CE, 53 %; p < 0.02) [25].

However prospective comparative studies of MR entero-
clysis and CE have shown MR enteroclysis to be less sensi-
tive than CE, although there was no statistically significant 
difference in diagnostic performance [26]. Consequently, in 
patients with strong underlying suspicion and markers for 
Crohn’s disease, negative imaging should not deter assess-
ment of mucosal involvement by endoscopic techniques, 
namely CE.

 Clinical Benefit of MR Enterography
Sensitivity and specificity of a technique are especially 
important if they add to the information available to the clini-
cian in a way that changes patients’ clinical management. 
Having this consideration in mind, several studies have inter-
rogated the clinical benefit of CTE and MRE.

It has been recently published a large prospective study 
where 273 patients with established (128) or suspected (145) 
CD were included [27]. The purpose was to prospectively 
evaluate the effect of CTE on patient’s management and phy-
sician level of confidence (LOC) for various intestinal find-
ings. Gastroenterologists ordering the CTEs were asked to 
state before and after patients underwent diagnostic proce-
dures if they thought that active small bowel inflammation, 
fistulas, abscesses, and/or strictures were present. Their LOC 
for each of these four items was measured on a 5-point scale. 
After the CTE was performed, the clinicians were also asked 
whether the changes in their suggested clinical management 
plans were caused by the results of the CTE. Clinician’s 
opinion on the existence of mural inflammatory activity, 
strictures, fistulas or abscesses changed in 28 %, 16 %, 8 %, 
and 5 %, respectively. Computed tomography enterography 
results altered the management plans in 139 patients (51 %), 
including 70 patients with established CD (48.3 %) and 69 
patients with suspected IBD (54.9 %). The physicians’ LOC 
changed in more than 90 % of cases. In multivariate models 
where each model included whether or not the 
Gastroenterologist described a change resulting from CTE 
findings, there was no laboratory or clinical feature 
(CRP ≥ 8 mg/L, CDAI > 150, Albumin < 3.5 g/dL, low 
Hematocrit or active chronic ileitis/colitis on endoscopic 
biopsies) that was significantly associated with an actual 
change in management. However, in each of these models a 
patient with a physician-reported modification in manage-
ment due to the CTE exam had a significantly greater OR 

(OR = 4.0) of an alteration in their management (p < 0.001). 
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These results emphasize both the clinical benefit of cross- 
sectional imaging of the small bowel and the physicians’ 
lack of confidence regarding CD activity and complications 
based exclusively on history and physical examination.

Similar results, of course, have been published regarding 
MRE clinical benefit. For instance, Lang G et al. have 
recently published a study where a total of 347 small bowel 
MRI examinations were analyzed, with MRE and MRe hav-
ing an average sensitivity/specificity of 82.5 % and 99.9 %, 
respectively, and in every second patient, new relevant diag-
nostic information was provided, frequently causing signifi-
cant shifts in Montreal Classification [28].

These results have been acknowledged by most scientific 
committees on inflammatory bowel disease. For instance, 
the European Crohn’s and Colitis Organization has pub-
lished in 2010 the second European evidence-based consen-
sus on the diagnosis and management of Crohn’s disease: 
Definitions and diagnosis [29]. It is clearly stated that “irre-
spective of the findings at ileocolonoscopy, further investi-
gation is recommended to examine the location and extent of 
any CD in the upper gastrointestinal tract or small bowel” 
and then, at the “extent of disease” section, ECCO statement 
2G says that “MR and CT enterography or enteroclysis is an 
imaging technique with the highest diagnostic accuracy for 
the detection of intestinal involvement and penetrating 
lesions in CD”. It also says that “radiation exposure should 
be considered when selecting techniques”, which means that 
whenever possible, MR should be preferred to CT. And it 
also acknowledges that “CT and MR have a similar diag-
nostic accuracy for the detection of small intestine inflam-
matory lesions”.

 Computed Tomography vs Magnetic 
Resonance Enterography/Enteroclysis

Both CTE and MRE exquisitely image the small bowel. In 
terms of performance, there are no striking differences 
between the two techniques. In the already mentioned study 
of Siddiki et al. [24], despite the fact that the mean image 
quality scores of MRE were significantly lower when com-
pared with CTE (MRE is occasionally compromised by idio-
syncratic factors including motion, artefacts, and signal 
inhomogeneity), they found no statistically significant dif-
ferences between the sensitivities and specificities of CTE 
and MRE in the diagnosis of CD. A meta-analysis of 33 stud-
ies [30] also found no statistically significant difference 
between MRI and CT in values for mean sensitivity or speci-
ficity on a per-patient basis. A recent systematic review as 
well concluded that MRI and CT have similar accuracy [31].

Performance is similar, but each technique has its own 
advantages and weaknesses. Computed tomography enterog-
raphy is easily and quickly available (which is crucial when 

the patient is symptomatic or needs a fast diagnosis), has the 

highest temporal and spatial resolution, is very robust (it 
rarely fails to generate high-quality images) and it is cheaper 
than MRE, but uses ionizing radiation, which carries poten-
tial risks, particularly in patients with CD, that will probably 
need repeated studies throughout their lifetimes. On the other 
hand, MRE requires much longer acquisition time, has 
decreased temporal and spatial resolution and is less available 
for the symptomatic patient, but has a higher contrast resolu-
tion and, most importantly, does not use ionizing radiation.

Additionally, MRE differs from CTE in that a range of 
objective scores were developed to evaluate intestinal and 
perianal disease activity and severity, as well as postopera-
tive recurrence. To the best of our knowledge, only one study 
reported a CT-scan based index of inflammatory severity for 
CD. This index is based on the presence of wall thickening, 
mucosal or mural enhancement, mural stratification, comb 
sign, and regional lymph nodes [32]. The same study pro-
posed an index for assessment of stenotic lesions based on 
the identification of a thickened non-enhancing wall, luminal 
narrowing, and the presence of pre-stenotic dilation. Of the 
several MRI scores of severity proposed, only the Magnetic 
Resonance Index of Activity (MaRIA) has been externally 
validated, with nearly the same performance in the deriva-
tion and validation sets (vide infra) [33].

Taking into consideration the described aspects, when 
available MRE is probably preferable to CTE in most situa-
tions, particularly in asymptomatic patients, when the goal 
of imaging is to determine if inflamed bowel loops or fistulae 
have responded to therapy and in patients with suspicion of 
low-grade SBO (given the ability to perform MR fluoroscopy 
(cine-imaging) to observe bowel peristalsis in real time and 
dynamically characterize stenotic lesions [34].

 MR Enteroclysis vs MR Enterography

Few studies compared MR enterography and MR enterocly-
sis. Neggard et al. [35], in 40 patients with Crohn’s disease 
who underwent both MR enterography and MR enteroclysis, 
demonstrated that bowel distention was better with MR 
enteroclysis but that both methods enabled the diagnosis of 
Crohn’s disease with high diagnostic accuracy and reproduc-
ibility. Schreyer et al. [36] did not find any significant differ-
ence in 21 patients with Crohn’s disease who underwent both 
MR examinations. On the other hand, Masselli et al. [37] com-
pared 22 patients with Crohn’s disease who underwent MR 
enteroclysis with 18 patients with Crohn’s disease who under-
went MR enterography and demonstrated better bowel disten-
tion and better detection of superficial abnormalities with MR 
enteroclysis, particularly at the level of the jejunum.

MR enteroclysis has been proven to have better diagnos-
tic performance for depiction of subtle mucosal abnormali-
ties but similar results are obtained by both techniques when 

identifying stenoses and fistulas. Patient acceptance is greater 
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when MR enterography is performed as compared with MR 
enteroclysis. Finally, the additional cost and time entailed by 
having to perform and schedule a fluoroscopic tube insertion 
lead most departments to perform MR enterography in pref-
erence for both logistic and technical reasons.

Very recently, a survey to the perceived indications for 
MR imaging of the small bowel by experts, when MR entero-
clysis or MR enterography may be chosen, was conducted 
and published. Views were variable, but 79 % of the experts 
favoured MR enterography over enteroclysis to confirm/
refute an initial diagnosis of Crohn’s disease and 93 % prefer 
MR enterography over enteroclysis for the follow-up of 
patients with Crohn’s.

In conclusion, there are several views on this topic. MR 
enterography is probably the best option for most depart-
ments, but if the logistics allow for the needed MR studies of 
the small bowel to be performed with enteroclysis technique, 
there is probably a small diagnostic benefit, as described.

 Technique and Protocol

At a minimum we require a 4–6 h fast or preferably an over-
night fast in this category of patients. Colonic loading with 
faecal matter is known to impair the transit of contrast mate-
rial through the small bowel. In some institutions, the fasting 
is augmented by a low residue diet for between 3–5 days 
prior to the study. The rationale is also to minimize the num-
ber of false positives, which can be generated by stool parti-
cles masquerading as filling defects or polyps.

In terms of pulse sequences, individual protocols will be 
tailored depending on manufacturer and magnet strength. 
However, Table 18.1 gives a sample protocol used for both 
small and large bowel MRI. As a guideline, most sequences 

include a combination of T2-weighted and contrast enhanced 
gradient echo (GE) sequences. Steady state free precession 
sequences are also routine. The most important advantages and 
disadvantages of each pulse sequence are stated on the table.

The introduction of parallel imaging techniques, as well 
as improvements in coil technology, have contributed to the 
increased robustness of MRI as well as reduction in 
 acquisition times. For instance, the recently introduced 
“CAIPIRINHA” (Controlled Aliasing In Parallel Imaging 
Results IN Higher Acceleration) sequence, which acceler-
ates data acquisition in phase-encoding and slice-encoding 
directions with the additional advantage of using a non- 
standard sampling pattern, volumetric imaging can be 
acquired using higher acceleration factors, resulting in less 
image degradation, reduced acquisition times and superb 
spatial resolution. In our institution, we use 1.5 mm slice 
thickness CAIPIRINHA sequences routinely, which 
approaches the spatial resolution of CT (Fig. 18.1).

Diffusion-weighted imaging is also slowly being inte-
grated in the protocols, and discussed below.

Preliminary data on magnetization transfer imaging has 
been published as useful for the assessment of fibrosis in 
strictures (Adler J et al., Radiology 229(1):275–81, 259(1), 
127–135 2011), but more data is needed for full acceptance.

The ideal patient positioning is a theme of discussion. In 
many institutions these studies are performed prone to allow 
separation of pelvic small bowel loops. This position also allows 
maximum coverage on coronal images and decreases scanning 
volume. We prefer supine imaging for patient comfort in these 
patients, many of whom are slim and find prone imaging 
uncomfortable, in some cases due to prior surgical procedures.

Most institutions routinely administer an anti-peristaltic 
agent to minimize peristaltic artefact. This is of prime impor-
tance in maintaining image quality in sequences that are 

Table 18.1 Protocol sample for MR enterography

Sequence Plane
Number  
of sections

Section 
thickness  
(mm)

Field of  
view (mm) Advantages Limitations

HASTE/SSFSE Coronal 1 50 512 × 512 Minimal susceptibility 
artefact

Prone to flow artefacts

SSFP (True-FISP/
FIESTA)
With and without fat 
suppression

Coronal and 
axial

19–25 5/0 160–512 × 160–400 Useful for extra enteric 
visualization including 
mesentery and nodes 
when fat saturation absent
In presence of fat 
suppression useful for 
enteric changes and 
subtle mural abnormality

Susceptibility artefact

HASTE with fat 
saturation

Coronal and 
axial

19–25 2–4 As above Mesenteric evaluation 
impaired due to k-space 
filtering

2D and/or 3D 
fat-saturated dynamic 
T1-weighted GE 
(LAVA, VIBE, etc.)

Dynamic 
coronal with 
axial delayed

52–64 1.5–2.5 288–400 × 312–400 Mural assessment and 
evaluation of disease 
activity

3D better for spatial 
resolution and SNR but 
more prone to 
Misregistration artefact
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prone to flow artefacts, such as the HASTE or SSFSE (Half 
Fourier single shot turbo spin echo and Single shot fast spin 

echo sequences). We usually administer a divided dose of an 
anti-peristaltic with the second aliquot being given prior to 
the gadolinium enhanced sequences. Depending on local 
availability this can either be obtained with 10 mg of hyo-
scine butylbromide (Buscopan®) or 0.2 mg of glucagon given 
intravenously. Buscopan is not licensed for use in the United 
States. To promote gastric emptying whilst ingesting oral 
contrast, either erythromycin or metaclopramide (20 mg) can 
be given once the first 500 mg of contrast has been drunk.

For MR enteroclysis X-ray fluoroscopic guidance is used 
to confirm catheter placement at or beyond the duodeno- 
jejunal flexure. Baseline imaging is then obtained prior to 
instillation of 1.5–2 L of fluid at a rate of 100–120 ml/min 
using an infusion pump. The progress of the contrast and the 
degree of distension can be monitored via thick slabs or 
dynamic MR fluoroscopic sequences. These are typically 
SSFP (Steady State Free Precession) 5 mm section images 
aligned parallel to the longitudinal axis of the segment of 
concern. The images are acquired at between 0.5–2 frames 
per second. When the contrast reaches the ileocecal junction, 
we administer antispasmodics (see below).

For MR enterography, patients are given 1–2 L of one of 
the several possibilities of oral contrast (see below) about 
45 min before the acquisition of images.

 Oral Contrast

In most institutions, the majority of MR studies are per-
formed as an enterography rather than enteroclysis, as 
discussed.

Luminal distension with oral contrast is vital for detailed 
assessment of the bowel wall. Additional benefits include the 
displacement of air from the lumen by oral contrast. This is 
necessary as air produces susceptibility artefact and degrades 
image quality.

Oral contrast utilization will be determined by several 
 factors including local availability, patient tolerance, cost and 
the effectiveness of distension. In addition to the choice of 
agent there is departmental variation in the volumes adminis-
tered and the timing of image acquisition following ingestion 
of the contrast material. In some instances there may be rapid 
transit of contrast to the right colon but in the majority of indi-
viduals a delay of 40–60 min from the start of contrast inges-
tion is adequate to obtain small bowel distension.

Significant variance exists between the agents available 
and it is important to be cognizant of the differences. Agents 
can be stratified into several categories:

 – Negative contrast agents are of low signal intensity on 
T1-weighted and T2-weighted imaging. These include 
super paramagnetic iron oxide agents such as ferumoxsil. 
It is rarely used.

 – Positive contrast agents are of high signal intensity on 
T1-weighted and T2-weighted imaging. They are cur-
rently very rarely used.

 – Biphasic agents are of variable signal intensity depending 
on the sequence that is applied (low signal intense on 
T1-weighted imaging and high signal intensity on 
T2-weighted imaging). In clinical practice, these are the 
most utilized and there is consequently a greater choice in 
this category. Table 18.2 provides more information 
regarding the characteristics of different contrast agents.

In our department we utilize a technique that is well reported 
in the literature and consists in a total volume of between 
1–2 L of contrast being ingested in divided aliquots over a 
45–60 min time period. Water is an undesirable biphasic con-
trast agent due to its rapid absorption and erratic distension of 
the distal small bowel. This can be problematic as the distal 
small bowel is most commonly involved in Crohn’s disease. 
There are many commercially available biphasic contrast 
agents. In our practice we have utilized both dilute barium 
0.1 % wt/vol solution with sorbitol as well as a bulk fibre 

Fig. 18.1 Exquisite spatial resolution of “CAIPIRINHA” images. 
These fat-saturated T1 weighted GE images allow higher acceleration 
factors and, consequently, can be obtained within a breath hold and 

simultaneously have exquisite spatial resolution. The arrows point to 
subtle ulcers in inflamed ileal segments
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laxative, which helps luminal expansion by retaining water. 
High osmotic agents such as mannitol and sorbitol can have 
undesirable side effects depending on the sugar alcohol con-
centration. They can cause diarrhoea, excessive gas and 
cramping. This can be improved by keeping the concentra-
tion below 2.5 %.

An optional method for simultaneous large bowel assess-
ment is administration of a rectal water enema. This allows 
the colonic wall to be examined for disease involvement 
(vide infra).

 Intravenous Contrast Material

Gadolinium derivatives are typically administered intrave-
nously at a dose of 0.2 mmol/kg body weight. Peak bowel 
enhancement is thought to occur between 70 and 75 s follow-
ing contrast material administration but can vary between 
individuals [38]. It is therefore standard practice to perform 
multi-phasic MRI commencing in the arterial phase at 25 s 
and obtaining at least two further acquisitions. If patient is 
know to have strictures, the addition of a delayed (7 min) 
phase is a consideration, as it better allows the characteriza-
tion of the presence/degree of wall fibrosis [39]. In circum-
stances where gadolinium usage is relatively or absolutely 
contra-indicated, unenhanced sequences usually suffice in 
demonstrated areas of mural abnormality as well as mesen-
teric hyperaemia in diseased segments.

 MR Motility Imaging

MRE allows not only the static display of morphology but 
can be combined with ultrafast imaging techniques (“cine 
MRI” or “MR fluoroscopy”) for analysis of bowel motility. 
Traditional X-ray fluoroscopic imaging confirms that 
involvement with Crohn’s may result in motility disorders. 

Pathological changes in the bowel wall result in areas of 
aperistalsis or diminished motility. When used in conjunc-
tion with routine MRE it can improve lesion detection. In a 
study performed to assess if cine MRI improves additional 
lesion detection in patients with Crohn’s, 40 patients with 
CD underwent cine MR enterography in addition to a stan-
dard MR protocol. Blinded reads were performed with and 
without cine MRI. Overall cine MRI detected more Crohn’s 
specific findings than static MR enterography alone 
(p = 0.007) and more patients with CD relevant MR findings 
(p = 0.03) [40].

There is growing literature supporting the use of cine MR 
enterography. Froehlich et al. [40] showed that the addition 
of cine MR enterography identified more patients with MR 
findings of Crohn’s disease compared to static MR enterog-
raphy alone because altered motility on cine imaging high-
lighted abnormal bowel segments and may lead to increased 
diagnostic confidence and because Cine MR enterography 
can facilitate diagnosis in otherwise equivocal cases, espe-
cially if other sequences are motion-degraded. Abnormal 
motility on cine MR enterography in Crohn’s disease has 
also been shown to correlate with inflammatory markers, 
biopsy results, and clinical disease activity scores [41, 42].

Multiphasic imaging can also be used to evaluate for 
adhesions or stenoses and helps distinguish true strictures 
from temporarily contracting or underdistended segments 
[43] (Fig. 18.2). Cine MR enterography has also been shown 
to increase visualization of the proximal small bowel com-
pared to static MR enterography, simulating the benefits of 
enteroclysis [44].

Although still not widely used in routine clinical practice 
in most institutions, there is growing interest in cine MR 
enterography as a valuable technique for motility evaluation. 
The joint European Crohn’s and Colitis Organisation 
(ECCO)/European Society of Gastrointestinal and 
Abdominal Radiology (ESGAR) guidelines in 2013 
acknowledge that small bowel motility evaluation may 
increase lesion detection in Crohn’s disease compared to 

Table 18.2 Comparison of oral contrast agents

Agent category Name Benefits Limitations Practical issues

Positive
(high T1  
and high T2)

• Gadolinium chelates
• Manganese
• Milk with high fat content
•  Fruit juices (e.g. pineapple, 

blueberry)

Limit detection of subtle 
mucosal abnormality or wall 
enhancement

Cost, availability

Negative • SPIO
• Feruomoxsil oral

Improve conspicuity 
of wall oedema

Unpleasant taste, Cost

Biphasic
(low T1 high T2)

• Water
• Methylcellulose
•  Mannitol or mannitol with 

locust bean gum
• PEG (polyethylene glycol)
•  VoLumen® (Sorbitol solution 

with low-density barium)

High intrinsic contrast 
between wall and 
lumen allows 
assessment of subtle 
fold thickening

Distension with agents such as 
water inconsistent
The hyperosmolar agents may 
promote diarrhoea. Isosmolar 
agents should be used

Absorption, taste, 
diarrhoea. These are 
the most frequently 
used in today’s practice
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static MR enterography alone [45]. The consensus statement 
from the Society of Abdominal Radiology (SAR) Crohn’s 
disease-focused panel published in 2015 includes multipha-
sic imaging as an optional additional sequence in MR 
enterography evaluation [46].

Cine MRI can be performed by single slice techniques, 
usually SSFP sequences, which are repeated at intervals of 
0.5–1 s in the same plane but in a stepwise location from 
anterior to posterior. After the images are acquired, the cine 
loop function of the workstations allows visualization of 
bowel motility. Anti-spasmodics should not be administered 
until the cine MRI sequence is obtained, otherwise they will 
artificially reduce peristaltism. Consequently, the SSFP 
sequences that allow cine MRI are the first sequence in our 
protocol. Since with MR radiation is not utilized, potential 
sites of disease can be repeatedly evaluated without incur-
ring any risk. It must be emphasized, however, that cine MRI 
does not have sufficient spatial resolution to be used in isola-
tion when performing diagnostic MRI.

 Role of Diffusion Weighted Imaging

Diffusion weighted imaging (DWI) relies on differences in 
the motion of water molecules between tissues to provide 
image contrast. It is more and more becoming a standard 
application in routine imaging and it has already been incor-
porated in two MRI scores (the Clermont score, which is very 
similar to the MaRIA score but replaces contrast enhance-
ment by restricted diffusion), and the Nancy score [47], but 
DWI’s low spatial resolution is a drawback compared with 
the anatomical details provided by the high- resolution post- 
gadolinium sequences. It remains to be determined whether 

DWI’s low specificity for detecting activity [47], can be over-
come by including it in an overall index. However, in the 
presence of other imaging findings of inflammation, DWI is 
associated with more severe disease [48] (Fig. 18.3).

In the future, if DWI is proven to be of benefit in larger 
patient groups, it may circumvent the need for gadolinium 
and potentially avoid issues related to cost and patient safety 
with this intravenous contrast media.

 MR Colonography (MRC)

Conventional colonoscopy remains the gold standard for 
mucosal evaluation of the colon and allows biopsy perfor-
mance for histological confirmation of a suspected diagnosis 
of inflammatory bowel disease. Entire colonic visualization 
and stepwise biopsies are considered mandatory and IBD is 
typically correctly classified in 80–90 % of cases at the time of 
initial examination. In specific circumstances, however, imag-
ing is a suitable alternative for the establishment of disease 
extent and severity. These include the presence of a fulminant 
colitis when the patient is at higher risk of colonic perforation. 
Similarly, for both patient and technical reasons, incomplete 
colonoscopy may preclude colonic assessment in between 
5–20 % of cases. Additionally, submucosal and mesenteric 
involvement, which is common in Crohn’s disease, cannot be 
assessed with colonoscopy; consequently, the evaluation of 
the mucosa with colonoscopy alone may result in underesti-
mation of the extent and activity of the disease, as when 
assessing small bowel involvement. Imaging is also invalu-
able for assessment of colonic anastomoses [49]. The assess-
ment of an anastamosis can be challenging on endoscopy and 
is the most common site of disease recurrence.

Fig. 18.2 Utility of cine-imaging to distinguish true stenosis from 
peristalsis. In (a) the loop involved with Crohn’s disease seems to be 
strictured, but in (b), an image acquired just a few seconds later using a 

MR fluoroscopic technique (SSFP based), the loop is seen to distend, 
demonstrated that the first image was acquired during a peristaltic 
contraction
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 MRC Technique
Routine bowel cleansing is performed as for optical colonos-
copy. Replacing standard cleansing with faecal tagging is not 
advocated in this patient subgroup as compared with those 
undergoing screening examinations for colorectal cancer [50].

Adequate colonic distension is a requisite in order to min-
imize false positive or false negative studies. MR colonogra-
phy can also be performed with positive, negative or biphasic 
agents. A warm tap water enema has the ideal characteristics 
of a biphasic agent being of low signal intensity on 
T1-weighted and high signal on T2-weighted sequences. A 
volume of between 1.5–2.5 L is administered via a rectal 
catheter once the patient is on the table.

Routine utilization of an anti-peristaltic agent (Hyoscine 
20 mg, or Glucagon 1 mg) produces reflex atonia that helps 
in retention of the water enema. In addition it minimizes 
peristaltic artefacts as well as achieving more optimal colonic 
distension.

When MR Colonography is performed, it is usually as 
part of a MR entero-colonography study and the pulse 
sequences performed are the ones obtained for regular MR 
enterography (previously described). Of note, the MaRIA 
score, defined previously, was deducted with a MR entero- 
colonography protocol.

MR colonography may also be performed without the 
enterography component. The obtained pulse sequences are 
similar to the ones obtained for the regular MR enterogra-
phy: a combination of SSFP, T2 weighted and fat-suppressed 
T1 weighted post-gadolinium 3D sequences (e.g. VIBE, 
LAVA or similar). A SSFP sequence allows initial evaluation 
to see if there is adequate colonic distension. A multiphasic 
post-contrast acquisition is performed, as for the regular MR 
enterography.

 Imaging Findings

Ulcerative Colitis
Classic findings on imaging include involvement of the rec-
tosigmoid colon which extends proximally to involve the 
entire colon. Less commonly there is a sub-total colitis (usu-

ally right sided) and in 15 % of cases there may be a back-
wash ileitis.

Uniform thickening of the wall is a hallmark feature. The 
degree of thickening is usually less marked in UC than in CD 
with mean values of 7–8 mm as compared with 13 mm 

respectively. In more active disease however mural thickness 
can exceed 10 mm. Mural stratification is observed in 60 % 
of patients with UC versus 8 % of patients with CD [51]. 
This is due to the presence of fat or oedema in the submuco-
sal layer as described in the small bowel above.

The outer contour of the colonic wall is typically smooth 
and regular in patients with UC whereas serosal and outer 
mural irregularity is seen in 80 % of patients with CD (Gore 
RM et al., AJR Am J Roentgenol, 158(1):59–61.). However, 
not infrequently, the two diseases are not distinguishable by 
imaging alone (Fig. 18.4).

As in Crohn’s disease, there is frequently engorgement of 
the vasa recta and mucosal hyperenhancement, as well as 
enlargement of regional pericolonic nodes. The presence of 
small traces of peri-colonic fluid is usually a marker of focal 
serosal involvement and typically indicates the presence of 
severe disease.

In long standing disease there will be wall thickening, an 
absence of haustra and associated luminal narrowing. This is 
thought to be due to hypertrophy of the muscularis mucosa. 
Mesenteric fatty proliferation in UC is typically confined to 
the perirectal space.

Ulcerative colitis is much less frequently an indication for 
MRE or MRC than Crohn’s disease. The most frequent indi-
cation for patients with UC is to rule out Crohn’s disease.

Crohn’s Disease
Involvement of the colon can be seen in more than 60 % of 
patients with CD and is exclusively limited to the colon in 
approximately 15–25 % of cases. The rectum may be 
involved in approximately 50 % of patients.

As in the small bowel, colonic wall thickening is present 
and post contrast enhancement is a good correlate of disease 
severity. The inner profile of the colonic wall may have an 
undulating configuration. This is thought to represent mucosal 

Fig. 18.3 Utility of DWI to discriminate segments with more severe disease. (a), (b) and (c) are from the same patient and with the same window 
and level parameters. Diffusion is significantly more restricted in the segment of image a, representing more severe disease
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oedema and there may also be a relative absence of haustra-
tion for the same reason.

Other imaging findings that overlap with those in the 
small bowel include the presence of fistulae and sinus tracts.

Long standing quiescent disease may depict no abnormal-
ity on imaging. If however there is transmural fibrosis there 
is shortening of the bowel with ahaustration. This results in a 
relatively fixed and tubular configuration to the bowel. On 
post gadolinium sequences there is homogenous enhance-
ment and absence of wall stratification.

 Diagnostic Accuracy
A study by Ajaj et al. [49] assessed 23 patients with IBD on 
MR colonography. The imaging findings (MRC score) were 
correlated with histopathological specimens obtained on 
endoscopy. In this study group, MRC correctly identified 68 
of 73 segments found to reveal IBD changes on pathology. 
The imaging score utilized four quantifiable criteria includ-
ing colonic wall thickness, colonic wall enhancement, num-
ber of haustral folds and number of perienteric nodes. There 
were no false positive findings. MRC detected and character-
ized clinically relevant IBD of the large bowel with sensitiv-
ity and specificity values of 87 % and 100 %.

Rottgen et al. correlated bowel enhancement on MRC 
with inflammatory activity of Crohn’s disease at colonos-
copy in 42 patients and found a significant correlation 
between colonoscopic inflammatory activity and changes in 
signal intensity within the bowel wall. These relatively mod-
est patient numbers need to be replicated in larger cohorts 
however the data suggests that MRC is a credible alternate to 
conventional colonoscopy in both monitoring activity as 
well as evaluating therapeutic response [52].

 Characteristic Imaging Findings

The earliest changes of Crohn’s disease such as erythema, 
superficial apthous ulcers and nodularity of the mucosa are 
difficult to appreciate on MR. An attempt to address this defi-
ciency has been made by authors who have obtained high 
resolution thin section images (2–3 mm thick) aligned paral-
lel to the bowel segment [53]. This allows a detailed depiction 
of the mucosa and provides in plane resolution of 1–2 mm.

However, there are several imaging findings that are char-
acteristic of inflammatory bowel disease and they are dis-
cussed in some detail below.

 Wall, Fold and Mucosal Abnormality

A normal bowel wall should be no more than 3 mm in thick-
ness if it is optimally distended. In CD, wall thickness ranges 
between 5–10 mm. The degree of mural thickening corre-
lates well with the Crohn’s disease activity index (CDAI) 
[54]. In the absence of mural oedema, the bowel wall is usu-
ally low to moderate in signal intensity on T2-weighted MR 
sequences. The black boundary artefact seen on SSFP 
sequences can confound assessment of wall thickness. 
HASTE sequences are relatively insensitive to this artefact 
and more accurate at estimating bowel thickness (Fig. 18.5).

Fold abnormalities are more evident along the mesenteric 
border. They can manifest in several ways including diffuse 
fold thickening, ulceration or in more severe disease as areas 
of cobblestoning. Early areas of apthous ulceration are seen 
as small focus of high T2 signal intensity surrounded by a 

Fig. 18.4 Pancolitis could 
represent both Crohn’s disease or 
UC. This particular patient had 
Crohn’s disease
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rim of oedema (seen as an area of moderate signal intensity), 
but these are usually difficult to see with MR. Deeper areas 
of penetrating ulcers are easier to appreciate than superficial 
ulcers. They are seen as areas of high T2 signal intensity 
within areas of segmental wall thickening (Fig. 18.6).

 Strictures

These are seen as fixed, consistent areas of luminal narrow-
ing. If there is upstream dilatation of bowel loops by greater 
than 3 cm, the stricture is considered to be functionally sig-
nificant. If however there is no dilatation and a more than 
10 % narrowing in the lumen as compared with subjacent 
bowel, the stricture is most likely functionally insignificant.

As recently proven by many studies, most stenotic lesions 
in CD have a mixed component: fibrosis plus inflammation 
[55, 56]. Differentiating the presence of significant inflam-
mation, significant fibrosis and/or which component pre-
dominantes has important prognostic and management 
implications, and MRI can contribute significantly here.

The presence of ulcerations, acute mural oedema (areas 
of high T2-weighted signal intensity within thickened loops 
of small bowel on fat-saturated T2 weighted sequences) and 
mural thickening is associated with presence of inflamma-
tion. High submucosal T2 signal is also an independent cor-
relate of disease activity [57, 58] (Fig. 18.7).

Fibrotic strictures tend to be hypointense on T1- and 
T2-weighted sequences and enhance inhomogenously 
 following contrast. There is an absence of accompanying 
mesenteric hyperaemia or inflammatory change. They 
may cause bowel obstruction and MR fluoroscopic 
sequences can be helpful in locating the level and degree 
of obstruction. A recent publication from Rimola et al. 
demonstrated prospectively and with pathological corre-
lation that the assessment of gadolinium enhancement 
over time allows the identification of segments with a 
high component of fibrosis, regardless of the degree of 
coexisting inflammation. In their publication, >24 % of 
enhancement from the 70 s acquisition to a 7 min delay 
acquisition was strongly associated with severe fibrosis 
[39] (Fig. 18.8).

Fig. 18.5 Mural thickening. Distal ileal segment demonstrates wall 
thickening. Part (a) is a SSFP image and an India ink artefact at the 
interface with the mesenteric fat can be seen. Part (b) is a T2 fat- 
saturated image. The bright signal in the submucosa represents oedema 

and is in keeping with active disease (significant inflammatory compo-
nent). The same segment is demonstrated in (c), a T1 weighted fat- 
saturated image post contrast administration

Fig. 18.6 Ulcers. Multiple ulcers can be seen in (a) (SSFP image). In (b), a T2 fat-saturated image, both superficial (arrowheads) and deep 
(arrows) can be identified. Subtle ulcers can also be seen in (c) (arrow), a CAIPIRINHA image
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Multiple other investigators have analyzed numerous 
pulse sequences and imaging methods to estimate the degree 
of fibrosis in an effort to estimate the potential for medical 
response to therapy. Magnetization transfer MR imaging 
has been shown in animal studies to depict intestinal fibrosis 
[59], and initial experience in patients has shown that mag-
netization transfer ratios are elevated in patients with pre-
dominantly fibrotic strictures [60]. Zappa et al. examined 
inflammation and fibrosis at MRI by comparison with histo-
pathologic scoring systems and found a high correlation 
between advanced inflammation and advanced fibrosis [55], 
so reliance on enhancement, so separation of these two pro-
cesses was difficult when relying upon imaging findings 
such as wall thickness and hyperenhancement. Further 
investigation into reliable imaging markers for intestinal 
fibrosis such as magnetization transfer, diffusion-weighted 
imaging, and delayed enhancement is ongoing.

Fatty replacement of the sub-mucosa is also seen in long 
standing IBD and is seen as an area of high signal intensity 
on non-fat-saturated T1 and T2 sequences, which suppresses 
on fat-saturated sequences.

 Wall Enhancement

Mural hyper-enhancement in diseased segments is usually 
seen in comparison with adjacent normal loops of small 
bowel, which act as a reference standard. The pattern of 
enhancement is also useful in determining the level of activ-
ity that exists:

 – Stratified enhancement refers to enhancement of the 
mucosa exceeding that of the poorly enhancing submu-
cosa. This is seen where there is active disease and 

Fig. 18.7 Submucosal oedema, sign of active disease. A wall thickened and hyperenhancing ileal segment is demonstrated. In (a) several areas of 
high T2 signal in the submucosa are demonstrated, represent oedema. Findings are in keeping with active disease

Fig. 18.8 Delayed enhancement, sign of significant fibrosis. Multiple stenotic segments with pseudosacculation are identified. Of note, there is 
progressive enhancement from image (a) (enteric phase) to image (b) (5 min delay), in keeping with presence of significant fibrosis
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submucosal oedema. When combined with areas of 
serosal hyper-enhancement the bowel wall may adopt a 
target like appearance (Fig. 18.9).

 – Diffuse enhancement reflects transmural disease with uni-
form enhancement of the entire bowel wall (Fig. 18.10).

 – Minimal and somewhat heterogeneous enhancement in 
the early phases (arterial and portal venous phases) is seen 
in areas where fibrosis predominates. Progressive 
enhancement can be seen in fibrotic areas if more delayed 
phases are acquired and this is specific for the presence of 
significant fibrosis [39] (Fig. 18.8).

The absolute level of enhancement has been suggested as 
a surrogate marker of disease activity but its value is incon-
sistent and there may be considerable inter- and intra- 
observer variation [61]. In particular inadequate distension 
of segments of bowel may result in false positive assessment 
of hyper-enhancement. Areas of relative sparing along the 
anti-mesenteric border of the bowel may result in redun-
dancy and pseudo-sacculation (Fig. 18.8). In contra- 

distinction the diseased mesenteric wall is often shortened 
and may be fibrotic.

 Extra Enteric Manifestations

Mesenteric hyperaemia and vascular engorgement (vasa 
recta) are seen in conjunction with the comb sign. As its 
name implies it is seen as areas of parallel low signal inten-
sity perpendicular to the long axis of the diseased segments 
of bowel on true FISP sequences and correspond to the 
engorged vasa recta. There is avid enhancement in these ves-
sels following intravenous administration of contrast mate-
rial. Mesenteric oedema like the comb sign may be an 
accompaniment of active disease and is seen as areas of high 
signal intensity on T2-weighted images tracking along a dis-
eased segment [62] (Fig. 18.11).

Hypertrophy of the mesenteric fat also preferentially 
involves the mesenteric border and causes significant mass 
effect with separation of adjacent bowel as well as of the 

Fig. 18.9 Mural stratification. In (a), the mucosa is enhancing significantly more than the other wall layers, in keeping with mural stratification. 
In (b), the serosa is also hyperenhancing, creating a “target” appearance

Fig. 18.10 Mural 
stratification, severe disease. 
Two different patterns of 
enhancement are seen in this 
image. The arrowheads point 
to an area of trilaminated 
stratification. The arrows 
point to an area of diffuse 
hyperenhancement, extending 
to the surrounding fat, in 
keeping with severe 
inflammation
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mesenteric vessels. It is commonly seen in the context of 
transmural disease and is specific to Crohn’s disease 
(Fig. 18.12).

Nodal enlargement and enhancement in a specific vascu-
lar territory may be seen in areas of active disease and is well 
displayed on fat-saturated T2-weighted sequences. The 
degree of enhancement within a node relative to that of an 
adjacent vessel has been speculated as being predictive of 
disease activity [62].

 Fistulas and Sinuses

Penetrating disease is a hallmark of Crohn’s disease. Deep 
areas of transmural ulceration may communicate with adja-
cent epithelial surfaces resulting in formation of a fistula. The 
fluid containing tracts are seen as areas of high signal inten-
sity on T2-weighted sequences and enhance following intra-
venous contrast material administration. If they are complex, 
they may have a more stellate appearance with multiple tracts 

emanating from a central point to adjacent bowel loops 
(Fig. 18.13). Imaging has high sensitivity for depiction of 
these fistulae ranging from 71–100 % for entero- enteric fistu-
lae to those communicating with other viscera [62, 63].

Abscesses are seen as encapsulated fluid collections dem-
onstrating peripheral enhancement. They may contain air but 
are often heterogeneous due to the presence of particulate 
content. Using negative enteric contrast agents may increase 
the conspicuity of smaller, subtle inter-loop abscesses. The 
presence of abscesses is an important contra-indication to 
the use of anti-tumour necrosis factor drugs and therefore, 
their detection on imaging is important.

 MR Scoring Systems

Several indexes of activity have been proposed, three of them 
based on adequate external references: the Magnetic 
Resonance Index of Activity (MaRIA) score, the Nancy 
score and the Crohn’s Disease MRI Index (CDMI) score. 

Fig. 18.11 Comb sign. A long segment of ileum demonstrates mural 
thickening and hyperenhancement. Additionally, engorgement of the 
vasa recta is noted (comb sign). Please note how the mesenteric struc-
tures (including the vasa recta) are much better seen in (d) (SSFP 

image) than in (c) (HASTE). Additionally, it can be seen that there is 
progressive enhancement from (a) to (b), suggesting presence of sig-
nificant fibrosis

P. Rogalla and L. Guimarães



199

Only two of these have been externally validated: the MaRIA 
score [33] and the CDMI [41]. The MaRIA score has addi-
tionally been used prospectively in a multicenter study to 
monitor medical treatment, which further validated the score, 
showing that it is reliable in assessing the response to therapy 
in patients with CD [64]. This is the score we will focus on 
with a little more detail on this chapter.

Rimola et al. have evaluated various parameters indicative 
of CD activity and severity using 3.0 T MRI and analyzed the 
data on a per-patient and per-bowel-segment basis. The 
MaRIA score has been derived and validated from these 
results. This score includes bowel wall thickening, the relative 
contrast-enhancement value (RCE), and presence of oedema 
and ulcers (1.5 × wall thickness in mm + 0.02 × RCE + 
5 × oedema + 10 × ulceration). The authors propose the use of 
MaRIA as the reference index for measuring CD activity by 
MRI, with a cutoff point of ≥7 for determining presence of 
active disease and a cutoff point of ≥11 for assessment of pres-

ence of severe disease. The MaRIA score demonstrated a sta-
tistically significant correlation with clinical and endoscopic 
disease activity, and with C-reactive protein levels [31].

Only the MaRIA score provided a cutoff point defining 
severe inflammatory lesions (accuracy 0.96 when segmen-
tal MaRIA >11), increasing its clinical relevance for the 
optimization of medical treatment [33]. The accuracy of 
MRE using the MaRIA score in identifying mucosal heal-
ing was 0.83. No data are available regarding the accuracy 
of the other two indexes for predicting mucosal healing. 
Tielbeck et al. demonstrated that both the MaRIA and 
CDMI scores are reproducible between radiologist readers 
and have moderate correlation with standardized endo-
scopic assessment [65].

 The Lémann Score

Until recently, the therapeutic goals in Crohn’s disease 
focused on achieving control of symptoms. However, CD is 
increasingly seen as a progressive disease that conducts to 
irreversible bowel damage and intestinal resection in the 
large majority of patients. This concept is not new [66], but 
has become better recognized since the referral centre stud-
ies of Louis et al. [66] and Cosnes et al. [67] have been pub-
lished. The results of these articles have then been confirmed 
in a large population-based cohort [68].

Today, complex scores (such as CDAI, HBI, Perianal 
Disease Activity Index, etc.) are used to estimate the severity 
of disease activity. While they are useful to evaluate the 
severity of CD activity at a specific time point, they do not 
assess the cumulative structural bowel damage. For instance, 
CDAI can be similar in one patient with recent onset CD and 
in another patient with a lengthy history of CD who has 
extensive irreversible bowel damage from inflammation or 
previous surgical resection.

Fig. 18.12 Creeping fat. Both in (a) and (b), the inflamed ileal loop is surrounded by a thick layer of fat, which is a typical finding in chronic 
Crohn’s disease. This is specific of Crohn’s and is associated with ulcers on the mesenteric border of the small bowel, which can be seen in (b)

Fig. 18.13 Fistulas. Contrast enhanced T1 weighted image demon-
strates at least three fistulous tracts between two adjacent bowel seg-
ments, creating a “stelate” appearance, typical of penetrating Crohn’s 
disease. MRE can exquisitely identify and characterize these fistulas
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Data from rheumatologic studies show that treating lesions 
as early as possible to prevent tissue damage might improve 
the long-term benefits of therapy and slow the disease pro-
gression [69]. On the other hand, studies investigating the 
influence of new therapeutic agents on the natural history of 
CD did not show a significant reduction in bowel damage 
over time. Intervention before the beginning of bowel dam-
age may be necessary to change the natural history of CD, but 
a tool to measure cumulative structural damage to the bowel 
is needed. The International Program to develop New Indexes 
in Crohn’s disease (IPNIC) group is at present developing the 
Crohn’s Disease Digestive Damage Score, the Lémann Score 
[70]. The creation of this score aims to change the traditional 
treatment paradigm oriented by symptoms to a model driven 
by the amount of small bowel structural damage. The score is 
based on damage location, extent and severity, as assessed by 
abdominopelvic cross-sectional imaging (MRE or CTE), 
combined with the surgical history and findings from endo-
scopic studies (esophagogastroduodenoscopy and ileocolo-
noscopy) [70]. The score is expected to be able to depict a 
patient’s disease course on a double-axis graph, with time as 
the x-axis, bowel damage severity as the y-axis, and the slope 
of the line connecting data points as a rate of disease evolu-
tion. This instrument could be used to evaluate the effect of 
medical therapies on the progression of bowel damage.

Cross-sectional imaging (CTE and MRE) is a keystone of 
this score. To be included in the study that is defining Lémann 
score, patients should undergo MRE or CTE. Crohn’s dis-
ease is transmural, but current methods of determining dis-
ease activity, such as ileocolonoscopy, are not able to 
visualize the entire bowel wall. Looking beyond the mucosa 
and preventing bowel damage may be the only ways to 
change the natural history of the disease and to prevent sur-
gery. As described previously in this chapter, CTE and MRE 
have greatly improved the detection of structural small bowel 
lesions in CD. These imaging methods permit the identifica-
tion of the precise location of CD lesions, a better evaluation 
of bowel wall involvement, to visualize fat or mesenteric 
changes around segments of the gastrointestinal tract, as well 
as the presence of strictures, fistulas, or abscesses. 
Additionally, several imaging scores of disease activity and 
severity were developed, with the Magnetic Resonance 
Index of Activity (MaRIA) being externally validated. 
Magnetic resonance enterography is preferred over CTE 
when possible, since it can also be used for repeated exami-
nations without radiation exposure, unlike CTE.

 MR Imaging of Perianal Fistulas

Around 40 % of patient with Crohn’s disease will develop a 
perianal fistula and this proportion increases in those with 
underlying anal strictures. Up to 36 % of patients with CD 
present with this entity as their presenting symptom. 

Adequate evaluation of the full extent of disease including its 
anatomic relations and degree of inflammation is vital to 
making management decisions. MRI is recognized as being 
the reference standard for the anatomical depiction of dis-
ease extent. Increased enhancement on T1-weighted 
sequences following gadolinium is considered a good corre-
late of active inflammation [71]. Prior to commencing treat-
ment with immunosuppressive and anti-tumour necrosis 
antibodies it is imperative to exclude an abscess. Recurrence 
following surgery is a common concern in circumstances 
where pre-operative imaging has not been performed.

There may be irreversible functional consequences if a 
fistula is inappropriately managed. MRI is excellent at depic-
tion of perianal fistulising disease and in particular can be 
used to track the relationship to the sphincter complex as 
well as the remainder of the pelvic floor.

 Classification

A surgically based classification system by Parks utilizes the 
external anal sphincter as a reference point [72] and classi-
fies the fistulae in (1) trans-sphincteric (with extension of the 
tract through the external sphincter), (2) inter-sphincteric 
(confined to the inter-sphincteric space and internal sphinc-
ter), (3) supra-sphincteric (the result of supralevator 
abscesses, they pass through the levator ani muscle, over the 
top of the puborectalis muscle) and (4) extra-sphincteric 
(bypass the anal canal and sphincter mechanism, passing 
through the ischiorectal fossa and levator ani muscle, open-
ing high in the rectum).

There are also imaging (MR) based classification systems 
[71, 73]. A detailed description of these scores is beyond the 
scope of this chapter, but for a reference, the Van Assche score 
attributes a score to (1) the number of fistula tracks, (2) the 
location (anatomic classification of Parks), (3) presence/
absence of supralevatoric extension, (4) intensity of T2 signal, 
(5) presence of collections and (6) rectal wall involvement. 
The assessment of all these items by the radiologists allows a 
better stratification of patients in terms of management.

In order to strategize patient management, fistulas can 
roughly be sub-divided into two main categories, simple or 
complex:

 1. Simple fistulas are superficial, intersphincteric or low 
trans-sphincteric, with only one opening, not associated 
with an abscess and showing no communication with an 
adjacent structure such as the vagina or bladder.

 2. Complex fistulas have greater involvement of the anal 
sphincter (high trans-sphincteric, extra-sphincteric or 
supra-sphincteric), have multiple openings or a complex 
course (horseshoe), or are associated with a perianal 
abscess and/or communicates with an adjacent structure 

such as the bladder or vagina.
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 Technique

Perianal MRI can be performed with an endoanal coil, or a 
phased array external coil. Wider availability, a non-invasive 
procedure and consequently better patient acceptance mean 
that the phased array coil is more commonly used in perianal 
imaging. In addition the larger field of view (FOV) allows 
accurate assessment of fistulas that may extend beyond the 
sphincter complex.

The higher spatial resolution of the endoanal coil does 
however improve visualization of the internal opening and 
smaller tracts particularly in the case of recto-vaginal fistu-
las. The average diameter of 12–19 mm for an endoluminal 
coil may preclude placement in patients with local pain or in 
the presence of anal strictures. In comparison with the phased 
array technique there is a limited field of view and it is more 
prone to motion artefact.

At our institution, high resolution T2-weighted images 
are acquired in the axial and coronal planes after aligning 
with the plane of the anal canal. In addition, fat suppressed 
sequences are routinely performed and are useful for depic-
tion of smaller tracts. A T1-weighted post gadolinium 
sequence helps in distinguishing between fluid and granula-
tion tissue.

MRI allows not just precise anatomical localization of 
disease extent but also permits an assessment of disease 
chronicity. On T2-weighted sequences, active tracts contain-
ing particulate material, pus or debris is hyperintense whereas 
more fibrotic tracts show low signal intensity. Post- 
gadolinium sequences show fluid as being non-enhancing 
whereas areas of fibrosis or granulation tissue show delayed 
enhancement. A study by Horsthuis et al. [74] demonstrated 
good correlation between maximum enhancement and the 
patient’s CRP. In their study of 33 patients with perianal CD 
larger numbers of rapidly enhancing pixels were seen in 
patients who required changes in medication or developed 
new abscesses during follow up.

 Efficacy

Multiple studies using both endoscopic ultrasound (EUS) 
and MRI have demonstrated persistent fistula activity long 
after the fistula has ceased draining. Ng et al. [75] assessed 
26 patients treated with either infliximab or adalimumab. 
Complete cessation of drainage occurred in 46 % of patients 
whereas MRI demonstrated that there had been complete 
healing in only 28 %. As there is such disparity between the 
clinical “picture” and the imaging findings there is a compel-
ling argument for obtaining imaging at baseline as well as to 
assess and monitor healing response.

Studies comparing examination under anaesthesia (EUA) 
with pelvic MRI or endoluminal ultrasonography (EUS) 

also suggest that in 10 % of cases EUA incorrectly classifies 
the disease. This leads to inappropriate management deci-
sions or additional surgical procedures [76]. Another study 
showed MRI as adding additional information to EUA and 
led to additional surgery in 21 % of 56 patients with fistuliz-
ing disease [77].

Radiological input is also vital in providing prognostic 
information. Patients who show signs of persistent disease at 
a 10 week imaging evaluation were more likely to recur [78]. 
In the study by Ng MRI was used to decide how long to con-
tinue with anti-TNF therapy [75]. This need for imaging has 
been recognized by the American gastroenterological asso-
ciation and the European Crohn’s and Colitis Organization 
who have issued guidelines recommending imaging for peri-
anal disease.

 Cancer in Perianal Disease

Patients with Crohn’s disease have a 4- to 20-fold increase in 
the risk of colorectal carcinoma [79]. The incidence of 
colorectal cancer is 3.7 % and patients with perianal disease 
have a 0.7 % incidence of carcinoma [80]. This complication 
poses both a clinical and imaging challenge.

Early diagnosis is imperative to improve patient outcome 
and facilitate appropriate management.

A retrospective review of six patients with anorectal 
carcinoma and perianal CD at our institution was used to 
describe the MRI features of cancer [81]. Four of the 
patients had a mucinous adenocarcinoma, whereas the 
remainder had squamous malignancy. Typical features of 
malignancy included irregular wall contours, double layer 
enhancement and delayed internal tissue enhancement. 
The mucinous carcinomas displayed a lobulated pattern 
with fluid-filled cavities again showing delayed internal 
enhancement. This stresses the importance of post-gado-
linium imaging in perianal disease not merely to assess 
activity of tracts but to exclude concomitant malignant 
transformation.
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Computed Tomography Enterography 
and Inflammatory Bowel Disease

J.G. Fletcher

CT enterography is a high spatial and temporal resolution 
multidetector CT exam of the abdomen and pelvis, following 
the administration of a large volume of enteric contrast agent 
that distends the small bowel. It provides exquisite images of 
the small bowel wall, lumen, and perienteric tissues. It can 
be routinely performed in the outpatient setting in nearly all 
radiology departments to evaluate for inflammatory bowel 
disease and other small bowel diseases. Improvements in CT 
technology have enabled greater adaptation of CT technique 
to clinical questions and dramatically reduced radiation 
dose. Over the past decade, CT enterography has become a 
widely available test with interpreted with local expertise, and 
there is emerging standardization of acquisition techniques 
and image interpretation methods, especially with relation to 
the staging of Crohn’s disease [1, 2]. CT enterography is 
complementary to other imaging modalities, and provides 
unique information that impacts clinical management of 
patients with inflammatory bowel disease.

 Role of CT Enterography in Inflammatory 
Bowel Disease

CT enterography is used to image the small bowel to detect 
and stage inflammatory bowel disease and its complica-
tions, in addition to detecting alternative small bowel disor-
ders (e.g., pancreatic disease, sprue, NSAID enteropathy, 
small bowel tumors). For known Crohn’s disease patients, 
in particular, CT enterography is used to detect the 
location(s) and severity of enteric inflammation; the pres-
ence, location and type of penetrating disease (fistula, 
abscess, or phlegmon); and the location and degree of 
obstruction caused by inflammatory and fibrostenotic stric-
tures. In ulcerative colitis, CT enterography is used to gauge 

the extent of colonic inflammation if a stricture precludes 
endoscopic assessment, but more frequently to exclude 
small bowel inflammation after ileocolonoscopy and prior 
to colectomy. Both Crohn’s disease and ulcerative colitis 
also cause a variety of extraintestinal complications that can 
be visualized at CT enterography, such as primary sclerosing 
cholangitis, neoplasia, mesenteric thromboses, nephrolithia-
sis, cholelithiasis, and sacroiliitis. CT enterography also 
detects complications from surgical and medical therapy, 
such avascular necrosis, surgical leak, pancreatitis, etc.

 Patient Preparation and Image Acquisition

Patients generally are requested to fast 4 h prior to CT 
enterography so that ingested materials are not in the stom-
ach or small bowel. A neutral enteric contrast agent, which 
possesses a CT number similar to water, is then administered 
in multiple aliquots over 45–60 min prior to CT examination. 
Neutral enteric agents other than water distend the lumen 
better and provide a long temporal window over which imag-
ing can occur and still provide adequate luminal distention. 
The low attenuation of the bowel lumen filled with a neutral 
enteric contrast agent facilitates visualization of hyperatten-
uating bowel wall, masses and inflamed bowel segments. 
Enteric contrast agents generally contain sugar alcohols or 
osmotic laxatives to prevent resorption of water along the 
course of the small bowel, thereby improving ileal distention 
[3, 4]. Commonly used enteric contrast agents include low- 
contrast barium solution (which contains sorbitol; Volumen®; 
Bracco Diagnostics, Princeton, NJ), other oral formulations 
that contain sugar alcohols such as sorbitol, polyethylene 
glycol electrolyte solution, methylcellulose solution, or 
water. Side effects from oral contrast are minimal but can 
include nausea, abdominal cramping or distension, time- 
limited diarrhea, and excess gas [3]. In the hospital and 
emergency room (ER) setting, water is typically given as an 
oral contrast agent, as patients typically have an underlying 
degree of bowel obstruction, and the predisposition to nausea 
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is increased. Unlike MR enterography, glucagon or 
 butylscopolamine is not needed at CT enterography because 
of the speed of imaging acquisition, and its use in CT has not 
been proven to improve test performance.

In addition to enteric contrast, intravenous iodinated con-
trast is given at a rapid rate (e.g., ≥4 cc/s) through an intrave-
nous catheter in order to enhance the bowel wall, with CT 
enterography image acquisition typically initiated during an 
enteric phase of contrast enhancement, when small bowel 
enhancement is maximal, typically occurring 50 s after ini-
tiation of the injection of IV contrast [5]. Alternatively, 
imaging can be performed in the portal or hepatic phase (i.e., 
beginning at 65–70 s), when the radiologic imaging of solid 
organs is preferable, without decrement in the identification 
of mural inflammation [6]. Many groups now initiate image 
acquisition at 60 s after initiation of intravenous contrast 
injection to maximize visualization of the potential acute or 
chronic mesenteric thromboses or occlusions, which can be 

seen in Crohn’s disease [7, 8].
CT parameters governing spatial resolution and imaging 

speed are chosen so that the entire abdomen and pelvis can 
be imaged in 20 s or less (i.e., within a single breath hold) 
and so that spatial resolution in non-axial planes is opti-
mized. With multi-detector CT with 16 detector rows or 
more, a minimal detector configuration less than 1 mm is 
chosen so that isotropic or near-isotropic coronal images can 
be obtained. Automatic exposure control should be used to 
modulate the tube current as the X-ray tube travels around 
the patient and as the patient travels through the scanner, in 
order to adapt radiation dose to patient size, thereby reducing 
dose on the order of about 30 % [9]. Additionally, while 

imaging on older CT systems is often performed at a tube 
voltage of 120 kV [10], many radiology practices now use 
lower tube potentials (e.g., 80–100 kV) that simultaneously 
reduce radiation dose and increase the conspicuity iodine- 
containing structures such as inflamed bowel segments [11–
13] (Fig. 19.1). Tube potential (kV) selection requires 
technique charts or vendor-supported software, but these are 
now widely available [13]. Alternatively, lower kV (80 or 
100 kV) imaging may be chosen to improve iodine signal 
and contrast to compensate for reduced injection rate or 
amount of intravenous iodinated contrast (Fig. 19.2).

Generally, narrow slice thickness of 3 mm or less are 
reconstructed in the axial, coronal and sagittal planes for 
image review. Many practices also reconstruct thicker maxi-
mum intensity projection images to highlight the vasa recta 
and inflamed bowel segments (Fig. 19.3). Finally, because 
most CT enterography exams are now performed at lower 
radiation dose than in the past, routine filtered back projection 

images have increased image noise owing to the use of lower 
tube potentials and tube current in image acquisition. To com-
pensate, images are generally reconstructed using a variety of 
CT noise techniques such as iterative reconstruction [1, 13–
15]. Noise reduction techniques improve image quality by 
decreasing image noise so that images resemble routine-dose 
images (Fig. 19.4) [16, 17]. For small and medium-sized 
patients, radiation dose from CT enterography can approach 
that from annual background radiation [14]. Numerous author 
groups have demonstrated that there is no reduction in the 
performance of CT enterography using lower radiation doses, 
as the increase in image noise is offset by the high contrast of 
enhancing bowel loops and penetrating disease [18–20].

Fig. 19.1 Example of dose 
reduction at lower kV in a 
43-year-old female with prior 
right hemicolectomy. 
CTDIvol lowered from 
24 mGy (routine protocol) to 
10 mGy after kV selection 
(80 kV). Note active ileitis in 
neoterminal ileum (arrow) 
and small fistulous tracts 
between descending colon 
and adjacent small bowel 
(inset, arrows)
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 Imaging Findings

 Mural Inflammation

Mural hyperenhancement refers to segmentally increased 
attenuation of bowel loops compared to adjacent loops, and 
this correlates histologically with areas of active inflamma-
tion in Crohn’s patients [21]. Mural hyperenhancement is the 
most sensitive sign of bowel inflammation, and it can be an 
isolated finding in mild inflammation. Hyperenhancement 
alone is a nonspecific finding in the small bowel, but asym-
metric and patchy hyperenhancement, particularly along the 
mesenteric border, is indicative of Crohn’s disease (Figs. 19.1 
and 19.5).

Mural hyperenhancement is often accompanied by bowel 
wall thickening, which in the small bowel wall is greater 
than 3 mm in thickness in a bowel loop that is distended with 
luminal contrast. Wall thickening in Crohn’s disease is often 
asymmetric and more prominent along the mesenteric bor-
der as well. As mural inflammation increases, wall thickening 
is often accompanied by mural stratification, which refers to 

a bilaminar and trilaminar appearance to the bowel wall 
(Fig. 19.5). The presence of both segmental mural hyperen-
hancement and wall thickening in the presence of asymmet-
ric bowel involvement yields the best combination of 
imaging criteria for diagnosing mural inflammation in 
Crohn’s disease [10, 22].

Several CT findings indicate more severe inflammation. 
Penetrating ulcers can also be seen in severely inflamed 
bowel loops, and they may appear as filling defects in the 
inflamed bowel wall; however, they are more frequently seen 
at MR enterography. Stranding in the perienteric fat is cor-
related with C-reactive protein elevation [23]. The “comb 
sign” refers to engorged vasa recta, which supply inflamed 
bowel loops and penetrate the gut wall perpendicular to the 
gut lumen, resembling the shape of a comb [24]. The comb 
sign is associated with increased serum C-reactive protein, 
length of hospitalization, and response to anti-inflammatory 
treatment (Fig. 19.5) [20, 23, 25]. Successful response to 
treatment following medical therapy is evidenced primarily 
by decreasing length of inflammatory bowel involvement 
along the length of the GI tract, but also a reduction in wall 
thickness and hyperenhancement [26].

Fig. 19.2 CT enterography 
performed in a 32-year-old 
with indeterminate proctitis 
and poor intravenous access. 
To compensate, tube voltage 
was lowered to 100 kV with 
initiation of scanning delayed 
until 70 s. Large coronal 
image shows mild asymmetric 
hyperenhancement at terminal 
ileum reflecting mild 
inflammation (large white 
arrow), while insets show 
stratification and enhancement 
of the appendiceal tip (upper 
inset, arrow), and active 
proctitis with mural 
stratification, 
hyperenhancement, and 
reactive lymphadenopathy 
(lower inset)
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CT enterography can also display findings of chronic 
inflammation. Intramural fat can be seen in actively and unin-
flamed small bowel loops in the colon, indicating chronic 
inflammation, but intramural fat in the terminal ileum is a 
normal finding. Alternatively, pseudopolyps are frequently 
seen throughout the colon after healing of acute inflammation 
[27]. Fibrofatty proliferation is seen as proliferation of fat, 

usually allowing the mesenteric aspect of the bowel loop, 
displacing nearby abdominal loops; however, in the rectum 
fibrofatty proliferation is circumferential, mimicking pelvic 
lipomatosis, except that there are prominent perirectal vessels 
and reactive lymphadenopathy. Crohn’s strictures generally 
possess both an inflammatory and fibrotic component [28, 
29], and while CT findings of inflammation correlate histo-

Fig. 19.3 Coronal 8 mm thick maximum intensity projection images 
in an asymptomatic 65 year-old female on adalimumab show multifocal 
Crohn’s ileitis (large arrows), engorged vasa recta along the mesenteric 

border (b, inset), numerous reactive mesenteric lymph nodes (b, circle), 
and normal superior mesenteric vein and branches (b, black arrows)

Fig. 19.4 Lower dose CTE in a 63-year-old male showing twofold 
reduction in image noise from routinely reconstructed image (a) to image 
reconstructed using image noise reduction techniques (b). Note that 

mural stratification and hyperenhancement indicating active ileitis in the 
terminal ileum (arrow) between ileoileostomy and ileocecal valve can be 
detected before image quality improvement with noise reduction
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logically with inflammation in these strictures, the absence 
of CT findings of inflammation does not correlate with fibro-
sis [28]. CT enterography can be used to estimate the length 
of strictures to evaluate for potential endoscopic dilation or 
plan surgical treatment, and to evaluate for complications 
such as obstruction, enterolith, fistula, or malignancy.

Findings of intestinal inflammation in ulcerative colitis 
are similar to Crohn’s colorectal involvement, but differ in 
some respects. The pattern of inflammation in ulcerative 
colitis that is most typical is continuous inflammation from 
the rectum proximally, whereas patchy inflammation will be 
typical of Crohn’s colitis. Ulcerative colitis typically involves 
both the mesenteric and antimesenteric colonic wall to a 
similar degree, and does not cause penetrating complica-
tions. A patulous ileocecal valve is often seen when inflam-
mation extends to the cecum (Fig. 19.6), as well as backwash 
ileitis, which involves the terminal ileum symmetrically 
without penetration. Inflammation can be mild to severe, 
often with loss of haustral markings. Rectal sparing can be 
seen when patients utilize steroid enemas. As inflammation 
becomes chronic, foreshortening of the colon is also often 
seen. As inflammation diminishes and becomes chronic, 
intramural fat is deposited throughout the colon, but this 
finding is not unique to ulcerative colitis. While surveillance 
of disease activity in ulcerative colitis is performed with 
endoscopy, CT enterography is often used to exclude small 

bowel inflammation in indeterminate colitis or symptomatic 
patients (that may have extraintestinal IBD manifestations) 
[30]. It is also used to evaluate for complications of severe 
acute colitis such as toxic megacolon, perforation or septic 
thrombosis (Fig. 19.7) [31, 32]. CT findings of toxic mega-
colon are only described in small retrospective series, but 
include marked colonic distension with loss of haustral 
markings and segmental colonic wall thinning [31].

 Perienteric Inflammation and Penetrating 
Disease

The most subtle findings of perienteric inflammation in 
Crohn’s disease are perienteric fat stranding [23]. Fistulas 
appear as hyperenhancing extraenteric tracts, which may or 
may not contain air and fluid [33], and are named by the 
structures that they connect (e.g., entero-enteric, entero- 
colic, entero-vesical, entero-cutaneous, and perianal). They 
generally arise from or proximal to an inflammatory stricture 
[34] or inflamed bowel segment, and cause tethering of the 
involved loops, frequently forming asterisk-shaped fistulae 
complexes (Fig. 19.8). Fistulas may extend to other bowel 
loops or organs and structures, e.g., the bladder and iliopsoas 
muscle. CT enterography has been shown to be highly accu-
rate for the detection of penetrating complications such as 

Fig. 19.5 Transverse CT 
enterography images in a 
19-year-old Crohn’s patient 
with “back pain.” Images 
demonstrate mural thickening 
and stratification (large 
arrows, a–c), with a bilaminar 
appearance to the bowel wall. 
Note that mural thickening 
and luminal 
hyperenhancement are 
asymmetric (a, c), with one 
loop demonstrating 
mesenteric border thickening 
and hyperenhancement and 
antimesenteric border 
pseudosacculation (small 
arrow, a). One inflamed loop 
demonstrates small 
penetrating ulcers (small 
arrow, b), while another has 
prominent vasa recta, or 
“comb sign” (c, small arrows)
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abscesses and fistulae [35]. CT enterography can be used for 
surgical planning in patients with known fistulizing disease, 
and several studies have shown that fistulizing Crohn’s dis-
ease is often clinically unsuspected [33, 36], so the principal 
benefit of the enterography examination is often to identify 
unsuspected fistulas in symptomatic patients. Every CT 
enterography exam should image the perineum, as CT exam 
can identify an unsuspected perianal fistula or abscess in 
patients with indeterminate colitis, a key finding likely indi-
cating that colonic inflammation is due to Crohn’s disease. 
Fistulas may also arise from surgical anastomoses and leaks. 
Postoperative and some perianal fistulas are often not hyper-
enhancing due to their chronic nature.

 Obstruction and Strictures

Mural inflammation often causes luminal narrowing of the 
small bowel. Luminal narrowing alone at CT enterography 
does not imply lack of distensibility or stricturing disease. 
Distensibility can be observed fluoroscopically, for example, 

using peroral pneumocolon. At CT enterography assessment, 
lack of distensibility is only indicated with certainty when 
proximally located small bowel loops are unequivocally 
dilated. Small bowel dilation can occur proximal to an 
inflamed bowel segment or stricture. At histopathologic 
assessment, most Crohn’s strictures demonstrate a spectrum 
of inflammatory and fibrotic changes [29], and most Crohn’s 
strictures will demonstrate some degree of hyperenhancement 
at imaging, consistent with the histopathologic observation 
that some degree of inflammation is present. In contradistinc-
tion, however, lack of is not a good indicator of fibrosis [28].

 Extraintestinal Findings

CT enterography can detect Crohn’s-related extra-enteric 
findings in addition to penetrating complications. In one ret-
rospective series of over 300 Crohn’s patients, nearly 20 % 

of Crohn’s patients had extraintestinal IBD manifestations, 
and in about two- thirds of these patients, the findings were 
previously unknown [36]. Common extraintestinal, non-
penetrating complications detected at CT enterography 
include primary sclerosing cholangitis, mesenteric vascular 
thromboses or occlusions, cholelithiasis and nephrolithiasis, 
sacroiliitis, and avascular necrosis of the femoral heads. 
Chronic mesenteric venous occlusions, which are associated 
with Crohn’s related inflammation (Fig. 19.9), are rarely 
seen in the acute setting, have recently been described and 
correlate with subsequent stricture and surgery [7, 8]. While 
acute portal and superior mesenteric vein thrombi typically 
resolve completely, peripheral chronic mesenteric vein 
thromboses often result in chronically narrowed mesenteric 
veins with dilated collateral veins and potentially varices.

 CT Enterography Performance 
and Correlation with Clinical Symptoms

CT enterography has an estimated sensitivity for detecting 
ileal inflammation of approximately 75–90 % using muco-
sal inspection and biopsy as a reference standard [21, 22, 
37, 38]. When clinical assessments additionally including 
surgery, serum, and clinical follow-up are integrated, the 
sensitivity of CT enterography for detecting ileal and 
inflammation improves to 90–95 % [10, 39, 40], as studies 
utilizing ileoscopic reference standards necessarily exclude 
patients with stenotic ileocecal valves, and misclassify 
patients with  proximal ileal disease. In one retrospective 
study of 189 consecutive Crohn’s patients, approximately 
half of the patients with a normal-appearing ileum at ileos-
copy had either intramural or proximal small bowel inflam-
mation at CT enterography, an observation they called 
“endoscopic skipping of the terminal ileum” [41]. Using 

Fig. 19.6 A 58-year-old with 4-month history of altered bowel pattern. 
Coronal CT enterography images shows findings of chronic ulcerative 
colitis, including moderate sigmoid inflammation (arrowhead) and 
mild chronic proximal colitis in the descending colon and cecum (small 
arrows), as manifested by intramural fat, loss of haustration, and promi-
nent pericolic vessels with reactive lymphadenopathy. The ileocecal 
valve is widely patulous (large arrow)
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CT enterography in conjunction with ileocolonoscopy also 
correlates with serum markers of inflammation better than 
ileocolonoscopy alone [42]. The performance of CT 
enterography for identifying active jejunal inflammation is 
likely decreased due to the greater enhancement of jejunal 
loops and the complexity of jejunal folds [37], and capsule 
endoscopy is often complementary to CT enterography 

because it can detect unsuspected or additional jejunal 
inflammation [38].

Like other objective measures of inflammation in Crohn’s 
disease, CT enterography findings often do not correlate 
with symptomatology. In a retrospective study Higgins et al. 
found that CT enterography added unique information to 
clinical assessment and changed perception of steroid benefit 

Fig. 19.7 CT enterography in a 21-year-old female with steroid- 
refractory ulcerative colitis with fever and normal plain film. Ulcerative 
colitis is manifest by continuous marked wall thickening, prominent 
vasa rectal and mild hyperenhancement extending from the rectum to 
the ascending colon (a, b, arrows). Exam was performed in part  
to exclude small bowel involvement, with a normal terminal ileum  

(c, arrows) and cecum noted on CT images. CT enterography images 
also demonstrated ascites (a, asterisk) and multifocal hepatic venous 
thromboses (d, arrows) and peripheral hepatic perfusion defects. At 
subsequent colectomy for fulminant colitis, severely active ulcerative 
colitis with numerous intravascular thrombi was found at histologic 
examination

Fig. 19.8 CT enterography in 
a 23-year-old female 
demonstrating a complex 
fistula (large arrow, a and b) 
connecting two loops of ileum 
(small arrows, transverse 
image, a) in the right lower 
quadrant, with an inferior arm 
extending to the dome of the 
bladder, where there is a 
3.2 cm abscess within the 
bladder wall (small arrows, 
coronal image, b)
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in nearly two-thirds of patients [43]. In a prospective study of 
270 patients at Mayo Clinic, Bruining et al recorded man-
agement decision before and after CT enterography, and 
found that CT imaging changed management decisions in 
about half of Crohn’s patients, and a similar portion of those 
with suspected Crohn’s disease [25].

CT enterography is highly accurate in identifying pene-
trating disease, which is often unsuspected [33, 35, 36]. It 
has an estimated accuracy for identifying enteric fistulas of 
86 %, with a per-patient sensitivity of 94 %, and 97–100 % in 
detecting patients with fistulas and phlegmon/abscesses, 
respectively [35]. Booya et al. found that nearly half the 
patients with penetrating disease had either no clinical suspi-
cion or remote clinical suspicion of penetrating disease at 
pre-imaging clinical assessment [33].

While CT enterography has a high sensitivity for detect-
ing obstructive strictures in one surgical series [35], it’s 
performance is suboptimal in evaluating low grade 
obstruction. Nevertheless, many Crohn’s patients with 
partial small bowel obstruction at CT enterography do not 
have obstructive symptoms. The fact that capsule endos-
copy retention rates are higher in this cohort underscores 
the frequency of asymptomatic stenotic lesions in 
Crohn’s [44]. In one prospective study, 17 % of patients 
without obstructive symptoms had an inflammatory stric-
ture causing partial small bowel obstruction at CT enterog-
raphy (Fig. 19.10) [38]. When CT enterography does not 
reveal partial obstruction associated with luminal narrow-
ing, capsule endoscopy maybe useful in identifying addi-
tional enteric inflammation [38, 45].

Fig. 19.9 Coronal CT enterography image in a 46-year-old Crohn’s 
patient with obstructive symptoms demonstrates long segment inflam-
mation (large arrow, a) with mural stratification, wall thickening and 
comb sign (brackets, a), with multiple loops of dilated proximal small 
bowel having prominent mesenteric veins (small white arrow, a). 

Coronal image slightly posteriorly (b) with corresponding transverse 
image (c) shows chronic occlusion and narrowing of the superior mes-
enteric vein (small arrows, b; large arrow c) and enlarged inferior mes-
enteric vein (arrowhead, b, c). (SMA = black arrow, c)

Fig. 19.10 A 46-year-old female with prior right hemicolectomy and 
frequent diarrhea thought to be without obstructive symptoms. CT 
enterography demonstrates two regions of luminal narrowing (large 
arrows, a) with proximally dilated loops (arrowheads, a, b). Luminal 

narrowing at anastomosis (small arrow, a) does not cause proximal 
dilation of neoterminal ileum (small arrow, b). At operative assessment 
the two strictures in the mid small bowel underwent strictureplasty, but 
ileocolic anastomosis was distensible
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 Multimodality Imaging Assessment

Ileocolonoscopic assessment is generally considered 
complementary to cross-sectional enterography, as a colo-
noscopy is more sensitive for identifying mucosal inflammation, 
particularly in the colon, provides cancer surveillance not 
provided by CT imaging, and is usually performed with random 
biopsies, which also assist with risk stratification for cancer 
[38, 46]. While CT enterography is more sensitive than fluo-
roscopic analysis, particularly in identifying penetrating 
complications of Crohn’s disease [40], fluoroscopy can pro-
vide functional information relating to luminal distensibility 
and partial obstruction that cannot be ascertained from volu-
metric CT imaging at a single time point. Capsule endoscopy 
is more sensitive at identifying mucosal inflammation than 
enterography (particularly in the jejunum), but is less spe-
cific and cannot identify perienteric complications, and usu-
ally requires preimaging assessment or use of a patency 
capsule [38, 47, 48]

MR enterography has an estimated performance for the 
detection of mural inflammation similar to CT enterography 
[39, 40], but is not available at all centers, requires much 
more imaging time, and is likely more prone to interobserver 
variability [49]. While the American College of Radiology 
recommends CT enterography as the most appropriate imag-
ing test for patients with suspected Crohn’s disease, or 
known Crohn’s patients with fevers and abdominal pain [50], 
MR enterography is likely more appropriate for the follow-
 up of patients with known Crohn’s disease for monitoring 
therapeutic response or those with obstructive symptoms 
[51]. Additionally, because MR utilizes a variety of pulse 
sequences that display different pathophysiologic properties, 
a variety of imaging findings have been shown to correlate 
with inflammatory severity (e.g., restricted diffusion [52]). 
Consequently, validated scoring systems have been devel-
oped to reflect Crohn’s inflammation severity at MR imaging 
[53, 54], and potentially to reflect fibrosis [55]. Analogous 
validated measures of inflammation severity have not been 
developed for CT enterography. MR is also able to stage 
perianal fistulas when they are present. Because of the 
improved spatial and temporal resolution of CT compared to 
MR, CT enterography can be used a subsequent test when 
MR enterography demonstrates complex penetrating disease 
that may require surgical or interventional treatment.

In the Crohn’s patient with acute symptoms, imaging with 
CT is almost always performed due to its widespread avail-
ability and speed. Imaging with MR enterography typically 
requires 30 min, for example, compared to 15 s for CT. It 
should be realized that hospitalized patients are generally 
poor candidates for CT enterography, as the oral contrast 
ingestion regimen will be poorly tolerated [1]. Similarly, 
postoperative patients are usually imaged with routine 
abdominopelvic CT with positive oral contrast, which will 

assist in the detection of anastomotic leaks [1]. Despite these 
limitations, abdominopelvic CT or CT enterography can be 
very useful in the emergent setting in evaluating symptom-
atic Crohn’s patients, in which the incidence of penetrating 
and obstructive complications is high [56, 57].

 Benefits and Risks

The principal benefits of CT enterography in Crohn’s patients 
is to identify suspected and occult mural inflammation and 
penetrating complications that will change medical or inter-
ventional treatment. Protean patient symptomatology and 
the poor relationship between symptoms and biologic activ-
ity in Crohn’s disease result in substantial benefit to patients 
from imaging [25]. However, CT utilizes low levels of ion-
izing radiation. While the low risk estimates of radiation 
induced malignancy are uncertain enough that the absence of 
risk cannot be excluded on a scientific basis for a single CT 
exam [58, 59], a small risk should be assumed to protect 
patients [60, 61], particularly for younger patients who are at 
greatest risk [62]. Ameliorating conditions which make CT a 
more appropriate compared to imaging alternatives include 
patient symptomatology, absence of prior imaging, contem-
plated surgical intervention, higher age, and contraindica-
tions to MRI. A principal advantage of CT enterography is its 
widespread availability at most medical institutions, being 
performed and interpreted with a high degree of local 
expertise.

 Summary

CT enterography has become an accepted adjunctive test in 
the evaluation of patients with inflammatory bowel disease. 
Its role is to detect mural inflammation and penetrating 
complications of Crohn’s disease which are clinically 
occult, and its routine use results in substantial impact on 
patient management decisions. It is complementary with 
other imaging tests, and is providing new insights into 
Crohn’s disease and newer medical therapies in inflamma-
tory bowel disease.
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 Crohn’s Disease

Crohn’s disease (CD) is typically diagnosed in young patients 
and follows a course of chronic relapse. The risk of exposure to 
cumulative ionizing radiation must be taken into account when 
choosing the diagnostic means for managing these patients [1].

The exposure to diagnostic radiation for Crohn’s patients 
recently increased from 12 millisievert (mSv) (1992–1997) 
to 32 mSv (2002–2007). An exposure of 75 mSv was calcu-
lated for up to 16 % of patients, which theoretically induces 
a lifetime cancer risk of 7.3 % [2]. According to a recent 
meta-analysis, the pooled prevalence of IBD patients receiv-
ing potentially harmful levels of radiation (defined as 
≥50 mSv), was 8.8 % (11.1 % and 2 % for CD and UC, 
respectively). IBD-related surgery and corticosteroid use 
were significant risk factors, with pooled adjusted odds ratios 
of 5.4 (95 %; CI 2.6–11.2) and 2.4 (95 %; CI 1.7–3.4) respec-
tively [3]. Other factors associated with a high cumulative 
effective dose were age <17 years at diagnosis, the first year 
after diagnosis, upper gastrointestinal tract disease, penetrat-
ing disease, use of infliximab, and multiple surgeries [4].

Therefore, gastroenterologists treating CD patients should 
aim to avoid diagnostic radiation. Other than MRT imaging, 
only ultrasound is radiation free. In addition, ultrasound is a 
real-time imaging technique that is noninvasive, risk-free, 
and highly accepted in everyday practice by CD patients.

A recent meta-analysis [5] indicated that there were no sig-
nificant differences in diagnostic accuracy between CT, MR 
imaging, and US. In a study, Martinez et al. even demonstrated 
slight advantages in terms of diagnostic sensitivity and speci-
ficity for ultrasound compared to MRI (US 91 % vs. MRI 
83 %; US 80 % vs. MRI 72 %, respectively) [6]. The com-

monly accepted ultrasound features of activity in CD—bowel 
wall thickness and mesenteric lymph node enlargement—
showed high interobserver reproducibility [7]. Additionally, 
loss of stratification and hyperemia of the wall correlated well 
with severity and course of the disease [8–11].

The updated German S3 Guideline regarding the diagno-
sis of CD (implementation of radiological modalities) under-
lines the importance of ultrasound in the diagnostic 
management of CD [12]. According to the current joint 
ECCO and ESGAR evidence based consensus guidelines, 
ultrasound demonstrates high accuracy for the assessment of 
penetrating complications (i.e., fistula, abscess) and for mon-
itoring disease progression. Ultrasound allows the detection 
of complications such as fistulas (and the early stage of fis-
tula, transmural inflammation), abscesses, and ileus/subileus 
with high sensitivity and specificity [13].

 Initial Diagnosis of Crohn’s Disease 
via Transabdominal B-Mode Ultrasound

Ultrasound has been long-neglected as a diagnostic tool in 
patients with CD. The gaseous content and delicate anatomi-
cal structures of the bowel were believed to make reproducible 
diagnostic evaluation via ultrasound difficult. One of the first 
publications leading the way in this field hinted at the hidden 
possibilities associated with this technique [14]. Modern high 
frequency transducers (5–17 MHz) allow the differentiation of 
five layers of the bowel wall [15] (Figs. 20.1, 20.2, and 20.3):

First layer: hyperechoic, interface between the lumen and 
superficial mucosa.

Second layer: hypoechoic, interface between the deep and 
superficial mucosa.

Third layer: hyperechoic, interface between submucosa and 
the muscularis propria.

Fourth layer: hypoechoic, muscularis propria.
Fifth layer: hyperechoic, the superficial interface of the peri-

visceral serosa
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The typical and constant features of CD revealed via 
B-mode ultrasound are the presence of thickened and stiff 
bowel wall, modification or disappearance of echo stratifica-
tion of the bowel wall, loss of peristalsis in the small bowel, 
and loss of haustrae coli in the colon [16] (Figs. 20.4 and 
20.5). Disease activity can be accompanied by mesenterial 
fat hypertrophy and enlargement of surrounding lymph 
nodes. B-mode ultrasound revealed a high sensitivity and 
specificity in the detection of CD (73–96 % and 90–100 %, 
respectively) compared with other methods such as 

Fig. 20.1 

Fig. 20.2 

Fig. 20.3 

Fig. 20.4 

Fig. 20.5 
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 endoscopy and/or radiological imaging [17]. The diagnostic 
accuracy and costs of noninvasive diagnostic strategies 
including magnetic resonance imaging, intestinal ultraso-
nography, ileocolonoscopy, and video-capsule endoscopy in 
suspected CD were analyzed in a recent study [18]. The 
authors found that both accuracy and costs depend on the 
pretest probability of CD and vary according to the first test 
used. Ileocolonoscopy plus ultrasonography was the most 
accurate and least expensive initial diagnostic strategy. Many 
studies differed in terms of study design, population charac-
teristics, and reference standard, as did the accuracy of ultra-
sound as a diagnostic tool in CD. Fraquelli et al. demonstrated 
that raising the bowel wall thickness threshold from 3 to 
4 mm increased specificity (93–97 %) at the extent of sensi-
tivity (88–75 %) [19], without any differences between adults 
and children [20].

 Assessment of Disease Activity

Several sonomorphological findings of disease activity in 
CD are commonly used in daily practice: degree of bowel 
wall thickening, echo pattern, luminal narrowing, fibro-fatty 
proliferation, and mesenteric lymphadenopathy.

A Japanese study established a strong correlation between 
the maximum bowel wall thickness and the histological find-
ings of surgical specimens and also between the echo pattern 
and histopathological disease activity. A loss of stratification 
(hypoechoic echo pattern) predicted the prevalence of severe 
inflammation [21]. Another study described a blurred wall 
layer more frequently in active disease than in inactive dis-
ease (62.0 vs. 5 %; p < 0.05) [17]. One of the first attempts to 
create a sonographic score to describe disease activity in CD 
was published by Futagami [22]. The sonographic score 
showed a good correlation to endoscopic findings, but the 
implemented sonomorphological features—bowel wall 
thickness and wall stratification—correlated weakly with 
CDAI or biological indices of inflammation (C-reactive pro-
tein, erythrocyte sedimentation rate). Many studies have 
demonstrated a marginal correlation between disease activ-
ity measured by CDAI and sonographic findings [23]. The 
CDAI is widely used as a reference standard, even if it mir-
rors the subjective complaints of the patient without neces-
sarily reflecting sonomorphological abnormalities or 
endoscopic or histological findings [24].

 Assessment of Disease Location

Several studies have compared the accuracy of bowel ultra-
sound to various radiological techniques in defining the ana-
tomical location of CD [25–28]. One of the largest studies 
(n = 296) demonstrated sensitivity and specificity according 

to the location of the affected bowel segment (overall: 
 sensitivity 93 %, specificity 97 %). The highest accuracy was 
achieved when examining the terminal ileum (sensitivity 
95 %). The upper small bowel was much more difficult to 
assess correctly (jejunum 72 %). In particular, the detection 
of lesions in the pelvic area via transabdominal ultrasound 
remained poor. Proctitis was diagnosed correctly in only 
15 % of patients [25]. Alternative ultrasound techniques such 
as small bowel contrast ultrasound (SICUS) and perianal 
ultrasound (PAUS) enriched the noninvasive arsenal for eval-
uating the upper small bowel or pelvic region. These exami-
nation techniques are discussed later.

 Detection of Complications

Pediatric patients with CD and adults with childhood onset 
CD are at increased risk of developing comorbidities and 
complications [29]. In approximately 50–70 % of cases, CD 
patients are affected by complications such as bowel stric-
tures, fistulae, and abscesses during the course of their dis-
ease [30]. Complications of CD that effect further treatment 
can often be found even in asymptomatic patients. High- 
resolution transabdominal ultrasound has an excellent diag-
nostic accuracy in the diagnosis of complications in patients 
with Crohn’s disease [31].

In a study by Hirche et al. [32], routine ultrasound detected 
transmural inflammation in 17 out of 255 patients without 
clinical signs of active disease (CD activity index 150). 
Eleven patients from this group had interenteric, enteromes-
enteric, or perirectal fistula, whereas six patients displayed a 
transmural mesenteric inflammation reaction without fistu-
lae. In another series of 100 consecutive patients without 
active disease, fistulae were detected in 4 % of cases, mostly 
interenteric [17].

 Detection of Abscesses

An abscess develops in 15–20 % of Crohn’s patients during 
the course of their illness. Identifying this complication is 
essential for the right management choice. Abscesses require 
surgical or percutaneous drainage [16] and are seen as a con-
traindication for numerous modern medical approaches. 
Abscesses appear as hypoechoic lesions with an irregular 
wall in transabdominal ultrasound. Internal echoes are a sign 
of debris, and a posterior echo enhancement can show liquid 
compartments of the structure (Figs. 20.6 and 20.7). The 
detection of vascular signs in the lesion is a sign of inflam-
matory masses and allows it to be differentiated from an 
abscess [33, 34]. Most studies evaluating the accuracy of 
ultrasound in the detection of abscesses use computed 
tomography or surgico-pathological findings as the gold 
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standard. Sensitivity and specificity range between 90 % and 
100 % [26, 31, 35, 36]. In a head-to-head comparison of 
ultrasound and CT scans, using only surgical findings as ref-
erence, no significant difference in sensitivity was detected 
(US 91 %, CT 86 %) [36]. Ultrasound lacks accuracy when 
detecting abdominal abscesses deep in the pelvis or retro-
peritoneal collections obscured by overlying bowel gas. One 
advantage of ultrasound is in the detection of small intrapari-
etal or para-intestinal abscesses, which can be missed or mis-
interpreted as short fistulous tracts or hypoechoic lymph 

nodes in CT scans [37].

 Detection of Fistula

Fistulae either connect the gut with abdominal organs (e.g., 
enterovesical, enterovaginal, interenteric), reach the cutane-
ous surface (enterocutaneous), or end blindly in the mesen-
tery (enteromensenteric). The most common fistulae are 
enteroenteric (50 %); these connect two bowel loops and 
often develop in the presence of stenosis (Fig. 20.8). Fistulae 
appear as hypoechoic ducts or hypoechoic areas arising from 
a thickened bowel wall.

Fistulae can show signs of air, debris, or intestinal mate-
rial in the form of stationary or moving echoic spots [26, 35] 
(Fig. 20.9). The gold standard in fistulae detection is a 
 surgical specimen. CT scan miss fistulae in up to 40 % of 
cases. Therefore, CT scans cannot be recommended as a ref-
erence standard in clinical trials [38]. The sensitivity and 
specificity of ultrasound in the detection of surgically proven 
fistulae varies between 70 and 87 % and 90 and 96 %, respec-
tively [35, 39]. Fistulae connecting bowel segments often 
show a greater wall thickness and the wall stratification 
appears blurred with a loss of layer architecture [17].

 Detection of Strictures

Strictures are a common cause of surgery in CD and develop 
in 21 % of patients with ileal disease and 8 % of those with 
ileocolic disease [40]. Significant strictures are marked by 
prestenotic bowel dilatation above 3 cm. The stricture itself 
shows a thickened bowel wall with an associated narrowed 
lumen (Fig. 20.10). Peristalsis in the prestenotic bowel loop is 

often increased [41]. The accuracy of the detection of bowel 
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wall strictures via transabdominal ultrasound varies between 
74 and 91 % sensitivity and 93 and 100 % specificity com-
pared to radiological or surgical findings [26, 28, 31, 35, 42]. 
The differentiation between inflammatory and fibrotic stric-
tures is of major interest in clinical practice. Inflammatory 
changes can be targeted by anti-inflammatory agents, whereas 
fibrotic strictures are treated surgically or via endoscopic 
intervention. A stricture length of >30 mm increases the 

chance of inflammation [43]. The loss of stratification of the 

affected bowel wall has also been associated with inflamma-
tory stenosis. The hypoechoic echo pattern is due to hyper-
emia and neovascularization related to the inflammatory 
response [39] (Fig. 20.11). Conversely, preserved bowel wall 
layers, especially with a pronounced third layer (submucosa), 
suggest that the stricture is fibrotic (Fig. 20.12). An increase 
in bowel wall thickness within the third layer seems to repre-
sent increased collagen deposition in the submucosa [44].

 Extraluminal Findings

The extraluminal findings of CD which can be seen via ultra-
sound are ascites, lymphadenopathy, and mesenteric fat 
hypertrophy. Enlarged lymph nodes and free fluid are com-

Fig. 20.9 
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monly seen in active CD but it has not been possible to show 
a correlation with disease activity [17]. Abnormalities of fat 
in the mesentery including adipose tissue hypertrophy and 
fat wrapping have long been recognized as characteristic fea-
tures of Crohn’s disease on surgical specimens. Mesenteric 
fat hypertrophy appears in transabdominal ultrasound as a 
hyperechoic area surrounding the bowel wall, predominantly 
along the mesenteric side of the bowel [45, 46]. Different 
studies have shown that mesenteric fatty alterations, as 
 evaluated by CT scan or MRI, correlate with biological 
activity [47–49]. One of the few studies into mesenteric fatty 
alterations found via ultrasound showed a significant correla-
tion to biochemical/clinical CD activity, the presence of 
internal fistulae, and increased bowel wall thickness [50]. 
However, prediction of clinical relapse based on the presence 
of mesenteric fat hypertrophy was not successful. There are 
few studies into extraluminal findings of CD via ultrasound. 
The clinical significance and implication of these findings 
need further investigation.

 Detection of Postsurgical Recurrence

Postoperative recurrence after ileocolonic resection is a 
common feature of CD. The recurrence rates evaluated by 
endoscopy after 1 and 3 years are 73 % and 90 %, respec-
tively [51–54]. The diagnostic gold standard for the detec-
tion of early signs of recurrence is conventional 
ileocolonoscopy, with the severity of the lesions graded 
using Rutgeert’s score [54]. Numerous studies have evalu-
ated noninvasive techniques for the detection of postopera-
tive recurrence in CD. One approach is to measure the bowel 
wall thickness of the anastomosis after bowel resection via 
ultrasound. It has been shown that an increase in bowel wall 
thickness is not due to physiological healing of the anasto-
mosis, because cancer patients did not show any increase in 
bowel wall thickness of the anastomosis [55]. Similar to the 
ultrasound findings in active CD, an increase in bowel wall 
thickness (>3–5 mm) can be interpreted as a recurrence of 
the disease. The sensitivity and specificity of ultrasound in 
the detection of postsurgical recurrence of CD is about 80 % 
and 85–100 %, respectively [55, 56]. A more recent study by 
Rispo et al. [57] used a cutoff level in bowel wall thickness 
of 5 mm to differentiate between mild and severe disease 
recurrence. A bowel wall thickness above 5 mm predicted a 
severe postsurgical recurrence with sensitivity and specific-
ity of 94 % and 100 %, respectively. The author concluded 
that these methods were sufficiently accurate to detect a 
clinically significant postsurgical recurrence that would 
need specific treatment. Different studies have already 
stressed the value of ultrasound in the prediction of postsur-
gical recurrence in CD. In a study of 127 consecutive 
patients, 90 % of patient in the group with an unchanged or 

worsened bowel wall thickness in month 12 after the 

 operation measured by transabdominal ultrasound devel-
oped clinical recurrence within 5 years [58]. Only 33 % of 
patients with improved bowel wall thickness relapsed over 
this same period. Similar data were shown a few years ear-
lier by Maconi et al., evaluating bowel wall thickness before 
and 6 months after bowel resection [59].

 Color/Power Doppler Ultrasound

As stated in current guidelines, color Doppler imaging 
increases the sensitivity and specificity of transabdominal 
ultrasound, in particular for CD limited to the ileum [60]. In 
particular, disease activity has been studied by visualizing 
the extent of bowel wall vascularity. The examination tech-
niques using color/power Doppler ultrasound are:

• Semi quantitative documentation of the intensity of color 
signals and/or the analysis of Doppler curves obtained 
from the vessels detected within the bowel wall.

• Quantitative measurement of flow parameters of the supe-
rior and inferior mesenteric arteries.

Studies correlating clinical (CDAI) or biochemical (e.g., 
CRP/ESR) parameters with color/power Doppler ultrasound 
findings did not produce conclusive results. Numerous stud-
ies have described increased bowel wall vascularity more 
often in active than in quiescent CD, but these results rarely 
reached clinical significance [61–63]. On the other hand, 
recent studies have shown a significant correlation between 
endoscopic and color/power Doppler ultrasound activity 
scores in CD [64, 65]. The prognostic significance of color/
power Doppler ultrasound findings was demonstrated by 
Ripolles [66]. Patients in clinical remission after treatment 
with residual hyperemia on sonographic examination (week 
4) had an unfavorable clinical course compared with patients 
with no or barely visible residual hyperemia. In a prospective 
study by Paredes et al. ultrasound was used to assess changes 
(thickness and Doppler flow grade of the bowel wall) caused 
by biological therapy and its relationship with the clinical- 
biological response in 23 patients with CD. They found that 
sonographic changes were significantly more marked in 
patients who achieved clinical and biological response com-
pared to those patients who did not respond to treatment [67].

In order to achieve optimal results in daily practice, it is 
essential to use the right color Doppler ultrasound settings. 
The settings should be optimized for slow flow detection 
(pulse repetition frequencies of 800–1500 Hz, wall filter of 
40–50 Hz, maximal color signal gain immediately below the 
noise threshold). Color Doppler flow is considered present 
when color pixels persist throughout the examination. The 
blood flow can be confirmed by visualizing an arterial or 
venous flow pattern at the location of the color pixel on spec-
tral analysis. Vascularity is graded subjectively as absent 
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(grade 0), barely visible (grade 1), or marked (grade 3) 
(Fig. 20.13). Another access to disease activity via color/
power Doppler ultrasound is the analysis of quantitative 
parameters. In active disease, the end-diastolic blood flow in 
bowel wall vessels disproportionately increases, which leads 
to a drop in the resistance index. Power Doppler ultrasound 
has been suggested to improve the diagnostic accuracy of 
transabdominal ultrasound in discriminating inflammatory 
from fibrotic strictures [5, 19, 65].

The decreased resistance index in active CD has been 
described several times in the literature [61, 63, 68] 
(Fig. 20.14a and b). CD manly affects bowel segments sup-
plied by the superior mesenteric artery (SMA). In active CD, 
the SMA flow volume was found to be greater than 500 ml/
min and the resistance index was significantly lower than in 
the reference group with quiescent disease [69]. The pulsatil-
ity index of the SMA can also help predict a relapse in CD 
when it is repeatedly evaluated [70, 71]. The decrease in the 
pulsatility index of the SMA is associated with remission in 
CD. However, measuring the quantitative pulsed Doppler 
indices is time-consuming and highly demanding. Therefore, 
it still is not established in daily practice.

 Special Ultrasound Method in Crohn’s 
Disease

 Small Bowel Contrast Ultrasound

The extent of Crohn’s lesions, especially in the upper small 
bowel, is sometimes underestimated by transabdominal 
ultrasound because of the insufficient distention of the bowel 
lumen. An isosmolar solution containing a nondigestible, 

nonabsorbable, and non-fermentable hydrophilic macro 
molecule, such as polyethylene glycol (PEG), was used to 
distend the small bowel walls, which allowed for a more 
detailed assessment of the wall thickness and lumen diame-
ter [72]. A follow-up study showed that the entire small 
intestine could be visualized on ultrasonography about 
45 min after the ingestion of 600 ml or less of contrast solu-
tion without any significant side effects [73]. In daily prac-
tice, 300–500 ml of PEG is sufficient to achieve an optimal 
distention of the small bowel walls (Fig. 20.15). If stenosis is 
absent, the examination will be completed in 10–20 min. In 
comparison to small bowel follow through, SICUS reached a 
sensitivity of 72–100 % and specificity of 97–100 % in the 
detection of small bowel pathologies [3, 74–76]. False nega-
tive findings in the study by Cittadini et al. were mainly due 
to lymphoid hyperplasia, which is a feature of unknown sig-
nificance in adults. As expected, the advantage of SICUS 
over conventional ultrasound was particularly clear in the 

detection of pathologies in the upper small bowel (jejunum: 
conventional ultrasound 80 % vs. SICUS 100 % detection 
rate) [77]. The sensitivity of identifying multiple strictures 
increased from 55 % to 78 % using SICUS [78] (Fig. 20.16a 
and b). In a recently published study, SICUS was able to 
detect all fistulae and stenosis initially diagnosed via CT [3]. 
Other convincing features of SICUS are a good interobserver 
agreement [72, 77, 79, 80] and ease of use for inexperienced 
ultrasound users, reaching even higher accuracy rates than 
those of an experienced examiner using conventional ultra-
sound [78]. SICUS has been the topic of several studies eval-
uating accuracy in predicting postsurgical recurrence 
[81–83]. A study on 40 patients with CD with previous bowel 
resection showed a sensitivity and specificity of 77 % and 
94 % for transabdominal ultrasound and 82 % and 94 % for 
SICUS [81].

 Endoanal and Perianal Ultrasound

Perianal disease is a common manifestation in complicated 
CD, occurring in 20–40 % of patients in the course of their 
disease [84]. Pelvic magnetic resonance imaging (MRI) and 
endoanal ultrasound are the established methods for the 
assessment of perianal inflammatory lesions in patients with 
CD. MRI and EAUS are especially recommended by German 
S3 Guidelines for CD in patients with perianal disease [85]. 
The combination of MRI and EAUS is capable of detecting 
perianal fistulae with a sensitivity of 100 % [86, 87]. These 
methods require specialized and fairly expensive equipment 
and experienced investigators. Furthermore, MRI is not 
applicable in patients with metallic clips or suffering from 
claustrophobia, and EAUS can be painful or impossible to 
perform in patients with anal stenosis. PAUS was introduced 
into clinical practice as an alternative. It can be performed 

using regular ultrasound probes [3.5–7.5 MHz]. The ultra-

Fig. 20.13 
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sound probe is wrapped with a latex glove after applying 
contact gel on the surface of the probe. No patient prepara-
tion is required prior to the examination. Patient lies down in 
the left lateral decubitus position, and the ultrasound probe is 
then placed near the anal opening.

Further advantages of PAUS include its unproblematic use 
in patients with anal stenosis and the ability to examine the 
gluteal region, which is restricted in EAUS. PAUS is compa-
rable in sensitivity and specificity to MRI and EAUS in the 
detection of perianal fistulae and/or abscesses [88–91].

Fig. 20.14 
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 Contrast Enhanced Ultrasound

Contrast enhanced ultrasound (CEUS) is the next logical 
step after color Doppler ultrasound in the assessment of 
bowel wall vascularization. The accuracy of power Doppler 
ultrasound is limited by tissue motion artifacts and a possible 
transmural vessel perfusion below the detection threshold 
[92]. CEUS combines second-generation ultrasound 
contrast- enhancing agents with low mechanical index real- 
time harmonic ultrasound. It permits a real-time visualiza-
tion of the small vessels in the bowel wall with image contrast 
similar to that of computed tomography and MRI [93]. The 
absence of established CEUS parameters has led to the 
development of different semi quantitative and quantitative 
approaches to predict disease activity in CD. One study by 
Migaleddu et al. was highly recommended by the medical 
community [94]. It defined three major enhancement pat-
terns: submucosal enhancement or transmural enhancement 
with an outward or inward flow direction. Using endoscopic 
and histologic findings as reference standards, CEUS showed 
higher performance than conventional ultrasound or color 
Doppler ultrasound in the detection of active disease (93.5 % 
sensitivity, 93.7 % specificity, and 93.6 % overall accuracy). 
Despite the impact of the study, the enhancement pattern 
remained a semi quantitative approach that is highly influ-
enced by the subjective assessment of the ultrasound exam-
iner. Using the increase in bowel wall enhancement after 
contrast application in relation to the baseline enhancement 
showed promising results. In a population of 61 patients, the 
sensitivity and specificity to predict moderate and severe dis-
ease were 96 % and 73 %, respectively [9].

Dynamic quantitative CEUS is currently the subject of 
scientific investigations in patients with CD. Three studies 
indicated that the time to peak in CEUS examinations could 
be a parameter worth measuring to evaluate disease activity. 
An increase in time to peak was connected to a decrease in 
clinical activity [10, 95]. Furthermore, Bataille et al. [96] 
found a negative correlation between histopathological score 
and the time to peak [97]. A more recent study quantitatively 
assessed microvascular activation in the thickened ileal walls 
of 54 patients with CD by using CEUS and evaluated its cor-
relation with CDAI [98]. The authors analyzed the maximum 
peak intensity (MPI) and the wash-in slope coefficient (beta) 
and evaluated their correlation with the composite index of 
CD activity (CICDA), the CD activity index (CDAI), and the 
simplified endoscopic score for CD (SES-CD) for the termi-
nal ileum. The sensitivity/specificity to detect active CD 
were 97 %/83 % for MPI and 86 %/83 % for beta coefficients. 
Both parameters significantly correlated with the CDAI 
(p = 0.0005, 0.0011) and the endoscopic SES-CD (p = 0.0052, 
0.0011).

The differentiation of fibrotic and inflammatory stric-
tures could be a beneficial application of CEUS in clinical 
practice, but there is still no established approach to solving 
this puzzle. One study focused on this question and evalu-
ated the accuracy of several ultrasound parameters, espe-
cially of contrast- enhanced ultrasound, for evaluation of 
mural inflammation versus fibrostenonic changes in 25 
patients with CD undergoing elective bowel resection [99]. 
Histopathology was used as reference. When the pathology 
score was dichotomized into two groups (inflammatory 
and fibrostenotic) 23 out of 28 stenoses were correctly 
 classified via ultrasound, with substantial agreement 
(kappa = 0.632). There was a good correlation between the 
sonographic and pathology scores, both inflammation 
(Spearman's rank, r = 0.53) and fibrostenosis (Spearman's 
rank, r = 0.50). Thus, ultrasound, including CEUS is a use-
ful tool for distinguishing inflammatory lesions from fibro-
stenotic ones in CD and small bowel follow-through 
(SBFT) is regarded obsolete due to the high radiation expo-
sure, particularly in children with IBD Sauer CG, Inflamm 
Bow dis 2011.

CEUS was also evaluated in the context of postoperative 
recurrence of CD [100]. Classic ultrasound parameters, 
such as wall thickness >3 mm and color Doppler flow 
revealed an accuracy of 88.3 % for recurrence detection 
compared to the endoscopic results. A sonographic score of 
2, including thickness >5 mm or contrast enhancement 
>46 %, improved the diagnosis of endoscopic recurrence a 
sensitivity, specificity and accuracy of 98 %, 100 % and 
98.3 %, respectively. The use of CEUS in the detection and 
localization of fistulae and abscesses [101] needs further 
studies (Fig. 20.17a and b).

Fig. 20.15 
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 Ulcerative Colitis

The regions of interest in patients with ulcerative colitis 
(UC) are far more accessible via endoscopy than in patients 
with CD. Most cases see a continuous inflammation from the 
anus that can extend up to the cecum. Rectal sparing and 
backwash ileitis can be detected in rare cases of UC. Early 
and mild cases of UC can show unspecific signs of an inner 
hypoechoic layer. It has been postulated that the hypoechoic 
layer represents the endoscopic findings of the swollen 
mucosa. In more severe to fulminant cases, a transmural 
bowel wall thickening similar to CD has been described. 

Normally the bowel wall stratification is preserved [17]. In 
active UC, the thickened mucosa can be explained by the 
round cell infiltration in the lamina propria, whereas the sub-
mucosa swells with oedema development. Unfortunately, no 
correlation between sonographic activity parameters of UC 
(wall thickness, symmetry of thickness, transmural reaction, 
and extraluminal findings, e.g., more than two lymph nodes) 
and endoscopic disease activity (Colitis activity index, CAI) 
has been found [17]. Two studies from Parente et al. [102, 
103] contradict these common findings. These studies sug-
gest that an ultrasound score based on bowel wall thickness 
and intramural blood flow, graded via color Doppler ultra-
sound, can be used as a surrogate of colonoscopy in assess-
ing the short-term response of severe forms of UC to therapy. 
Furthermore, it was possible to using three-month ultrasound 
results to predict the outcome at 15 months after steroid 
treatment. These are very interesting data which need to be 
reproduced in further studies before transabdominal 
 ultrasound can be recommended more strongly in the man-
agement of UC. Two studies have evaluated the extent of the 
inflammation in UC measured via ultrasound. The sensitivity 
varied according to the bowel segment. The best results were 
achieved in the left colon (>95 %) [104, 105].

A more recent study evaluated the usefulness of colonic 
ultrasonography in assessing the extent and activity of dis-
ease in 60 pediatric ulcerative colitis cases with suspected 
disease flare-up and compared ultrasound findings with clin-
ical and endoscopic features [106]. Multiple regression anal-
ysis revealed that ultrasound measurements with an 
independent predictive value of severity at endoscopy were 
increased bowel wall thickness (p < 0.0008), increased vas-
cularity (p < 0.002), loss of haustrae (p = 0.031), and loss of 
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stratification of the bowel wall (p = 0.021). The ultrasound 
score strongly correlated with clinical (r = 0.94) and endo-
scopic activity (r = 0.90) of disease (p < 0.0001).

A quantitative assessment of power Doppler indices can 
help distinguish between active and inactive disease or can 
be used as a parameter to evaluate the response to treatment. 
The mean blood flow volume, mean peak systolic and end 
diastolic velocity in the inferior mesenteric artery were sig-
nificantly higher in patients with active rather than inactive 
UC [107].

Contrast-enhanced ultrasound (CEUS) in combination 
with perfusion assessment using specific quantification soft-
ware was evaluated in 15 patients with ulcerative colitis and 
results were compared with endoscopic findings [108]. The 
study revealed a strong negative correlation between the 
ratio TTP (s)/Peak (%) (r = −0.761, p < 0.01). There was no 
significant relationship between CRP and the histopathologi-
cal scoring or CEUS parameters. Thus, quantitative evalua-
tion with CEUS may provide a simple method for assessment 
of inflammatory activity in UC.

 Detection of Primary Sclerosing Disease 
via Ultrasound

Primary sclerosing cholangitis (PSC) is a chronic liver dis-
ease that is characterized by inflammation, fibrosis, and the 
destruction of intrahepatic and extrahepatic bile ducts. PSC 
is the most common form of chronic inflammatory liver dis-
ease in IBD patients, with a prevalence of up to 8 % [109, 
110]. The vast majority of PSC patients (70–90 %) have, or 
subsequently will develop, an inflammatory bowel disease 
[109, 111]. The detection of enlarged perihilar lymph nodes 
has been identified as a highly predictive indicator for the 
presence of PSC [112, 113]. Ultrasound has been proposed 
as a screening tool for PSC in IBD patients. In combination 
with serological makers, ultrasound allows a better selection 
of patients for invasive procedures than ERC.

 Perspective

The transmural aspect of CD in imaging is only partially 
understood. This kind of “extra” information is available via 
ultrasound and MRI and should have an impact on daily 
treatment decisions. A lot of questions have to be unraveled, 
e.g., which bowel wall findings predict Crohn’s complica-
tions or response to treatment? A cooperation of experts in 
gastroenterology, radiology, and pathology will hopefully 
resolve this.

Quantification of CEUS findings will be an important 
step in the development of ultrasound techniques in inflam-
matory bowel disease. An objective assessment with clear 
findings will replace interobserver error. Studies are cur-
rently taking place and the primary clinical and prognostic 
data are still under investigation. Although the quantitative 
CEUS is a promising tool in monitoring patients with IBD, 
echo contrast agents are costly and quantitative evaluation 
of CEUS is time consuming. In contrast, Doppler techniques 
(PW, CDI, and PDI) are cost-effective and well established, 
but have some limitations with the evaluation of micro 
vessels.

A novel ultrasound Doppler technique that captures the 
extraordinarily slow velocity flow characteristic of tiny blood 
vessels, the so-called “Superb Micro-Vascular Imaging” 
(SMI), captures the flow at high resolution, high frame rates 
with minimal motion artifact and may contribute to the 
assessment und monitoring of inflammatory bowel activity 
in patients with IBD (Fig. 20.18a and b).

 Conclusion

Ultrasound is crucial in the detection and management of 
patients with CD. It is the only noninvasive, risk-free, and 
real-time method for assessing the important features in CD 
patients, from intestinal activity to postsurgical recurrence. 
In the hands of an experienced investigator, ultrasound is a 

Fig. 20.18 
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powerful technique to guide the treatment of CD directly 
from the patient’s bedside. Modern high frequency transduc-
ers offer the highest local resolution in bowel imaging today. 
Ultrasound can be used to assess extraluminal findings and 
complications in CD that can be missed by endoscopy or 
other imaging techniques. Limitations of the normal transab-
dominal B-mode ultrasound can be overcome by the use of 
extended ultrasound features (e.g., color Doppler ultrasound) 
or special ultrasound methods (e.g., CEUS or SICUS). 
Intestinal inflammatory activity can be visualized via color 
Doppler ultrasound or CEUS. Abscess demarcation can also 
be supported by these ultrasound techniques. SICUS is a 
useful tool in the detection of pathologies in the upper small 
bowel region. In addition SICUS, offers a real-time assess-
ment and grading of intestinal stenosis. Endoanal and PAUS 
have a comparable accuracy to MRI in the detection of peri-
anal inflammatory pathologies in CD. Thus far, mucosal 
healing has been defined endoscopically as the absence of 
ulcers. Ultrasound findings include transmural and extramu-
ral events indicating the state of the disease independent of 
clinical markers. For healing beyond superficial markers, 
ultrasound methods seem to be indispensable for the devel-
opment and evaluation of actual and future effective treat-
ment regimens.

In order to support the use of modern ultrasound tech-
niques in the clinical practice and to sustain the quality of the 
examinations, the ultrasound simulator (Schallware GmbH, 
Berlin, Germany) has been introduced into the teaching rou-
tine. The ultrasound simulator is a patient dummy, which can 
be examined through a dummy ultrasound probe. The ultra-
sound images are read out of 3D-volumes recorded from true 
patients according to the probe position and displayed onto a 
screen. The 3D color Doppler recordings are also used and 
support the diagnostic purpose, accordingly. Even CEUS 
examinations can be simulated by the recordings of different 
contrast phases. Special teaching modules for chronic 
inflammatory bowel diseases have been prepared. Training 
on these modules (e.g., CD) is helpful for acquiring specific 
ultrasound skills in IBD, especially to detect IBD associated 
complications and to monitor therapeutic response to treat-
ment [114, 115]. In order to achieve the best quality in bowel 
sonography, the investigator should be taught those specified 
sonographic techniques.

In conclusion, transabdominal ultrasound is a cost- 
effective, noninvasive tool in patients with IBD and is rec-
ommended as diagnostic first line tool in the assessment of 
patients with IBD, irrespective of their clinical symptoms 
and disease activity [12]. Important advantages of IBD ultra-
sonography are that it avoids unnecessary exposure to the 
radiation (CT and MRT) and can be performed uncritically 
in patients with renal and liver insufficiency or contrast agent 
allergy. It has a high diagnostic accuracy in detection of fis-
tulae and abscesses, furthermore, monitoring disease pro-

gression and treatment response. Techniques such as color 
Doppler imaging and CEUS are helpful imaging maneuvers 
determining the disease activity and its associated compli-
cations. Other special ultrasound methods including SICUS, 
EUS, PAUS, and REUS are also helpful in determining the 
disease course and identifying complications in patients 
with IBD.
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Abbreviations

IBD Inflammatory bowel disease
CRP C-reactive protein
IL-6 Interleukin 6
IL-1ß Interleukin-1 beta
TNF Tumor necrosis factor
CD Crohn’s disease
UC Ulcerative colitis
CDAI Crohn’s disease activity index
HBI Harvey–Bradshaw index
CDEIS Crohn’s disease endoscopic score index
TLs Trough levels
IFX Infliximab
FC Fecal calprotectin
LF Lactoferrin
IBS Irritable bowel syndrome
PPV Positive predictive value
NPV Negative predictive value
ASCA Anti-Saccharomyces cerevisiae antibodies
ANCA Antineutrophil cytoplasmic antibodies
anti-OmpC Anti-outer membrane porin C
anti-I2 Anti-Pseudomonas fluorescence-associated 

sequence I2
anti-CBir1 Anti-bacterial flagellin
AMCA Anti-mannobioside carbohydrate antibodies
ACCA Anti-chitobioside carbohydrate antibodies
ALCA Anti-laminariobioside carbohydrate antibodies
6-MP 6-mercaptopurine
AZA Azathioprine

TPMT Thiopurine S-methyltransferase
XO Xanthine oxidase
6-MMP 6-methylmercaptopurine
6TU 6-thiouric acid
HPRT Hypoxanthine phosphoribosyltransferase
6-TGN 6-thioguanine
RBC Red blood cell
ADA Anti-drug antibody
IMM Immunosuppressive therapy

 C-Reactive Protein

Increased serum concentrations of acute-phase proteins can 
be found in active inflammatory bowel disease (IBD). The 
production of C-reactive protein (CRP) occurs almost exclu-
sively in the liver by the hepatocytes upon stimulation by 
interleukin-6 (IL-6), which is increased in patients with IBD 
[1], and to a lesser extent by IL-1β and tumor necrosis factor 
(TNF) [2]. CRP tests are widely available, relatively inex-
pensive and allow for a regular monitoring of IBD patients.

 At Diagnosis

CRP levels are raised in both Crohn’s disease (CD) and 
ulcerative colitis (UC), but many studies have demonstrated 
that CRP levels are significantly higher in CD than UC for all 
categories of disease severity. Although the reason is 
unknown, an explanation could be that UC is limited to the 
mucosa whereas CD involves a transmural inflammation of 
the gut wall. At IBD diagnosis, 25 % of patients with CD and 
71 % with ulcerative colitis have CRP levels within the nor-
mal range. Indeed, CRP generation is extremely variable 
between individuals and may be related to variation in CRP 
genotype; a recent study demonstrated that elevated CRP 
levels could be associated with nucleotide polymorphisms in 
CRP genotype (rs1205, rs1130864, and rs1417938) at IBD 
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diagnosis [3]. Hence, in the case of nonspecific digestive 
symptoms, CRP alone is not a good biological marker to dif-
ferentiate IBD from functional disorders.

 Correlation with IBD Activity and Location

Measurement of clinical activity in IBD using the Crohn’s 
disease activity index (CDAI) or the Harvey–Bradshaw 
index (HBI) can suffer from subjective interpretation. Some 
studies have evaluated whether noninvasive markers such as 
CRP could be tools to help clinicians to measure disease 
activity objectively in CD patients. Solem et al. aimed to cor-
relate CRP with clinical, endoscopic, histologic, and radio-
graphic activity in CD: in this retrospective analysis of 104 
patients, moderate-to-severe clinical activity, as well as 
active lesions at colonoscopy or histologically active inflam-
mation, were significantly associated with elevated CRP lev-
els. Conversely, abnormal radiologic findings in the small 
bowel were not significantly correlated with elevated CRP 
levels [4]. These results add weight to those of studies find-
ing low CRP levels for an ileal location of CD in comparison 
to an ileocolonic or colonic location [5, 6].

A recent meta-analysis (19 studies) evaluated the diag-
nostic accuracy of CRP and other biological markers for the 
assessment of endoscopically detectable activity in symp-
tomatic IBD patients. This study, which included 2499 IBD 
patients, showed that CRP ≥5 mg/L has a relatively high 
specificity (92 %) but poor sensitivity (49 %) for endoscopic 
activity. This result means that a negative value did not reli-
ably exclude the possibility of active inflammation [7]. 
Similarly, Denis et al. found that in CD patients with clini-
cally active disease (CDAI >150) and normal CRP levels 
(<5 mg/L), colonoscopy revealed endoscopic lesions, 
although these lesions were only mild (CDEIS ≤6) [8].

 A Factor Predictive of Response to Treatment

A high-level systemic inflammation in CD patients treated 
with anti-TNF alpha is associated with a positive clinical 
response to infliximab (IFX). Louis et al. found that the 
response rate was significantly higher in patients with an ele-
vated (>5 mg/L) than a normal (<5 mg/L) CRP value before 
treatment (76 % versus 46 %; P = 0.004) [9], and the authors 
suggested that CRP level may help to identify better candi-
dates for IFX treatment. In the same way, Jürgens et al. dem-
onstrated that more patients with high baseline CRP levels 
responded to IFX than those with normal levels (P = 0.014). 
Moreover, early normalization of CRP levels correlated with 
sustained long-term response (P < 0.001) [10] without the 
need for a therapeutic adjustment [11].

 A Factor Predictive of Disease Outcome

Some studies have shown an increased risk of relapse in CD 
patients with elevated CRP during follow-up [12, 13]. 
Moreover, in a prospective study, Henriksen et al. demon-
strated that high CRP levels at diagnosis were significantly 
associated with increased risk of subsequent surgery in IBD 
patients, especially those with ileal location (L1) and CRP 
>53 mg/L (OR = 6.0; P = 0.03) for CD patients and with 
extensive colitis and CRP >23 mg/L (OR = 4.8; P = 0.02) for 
UC patients [14].

A recent study indicated that following initiation of inflix-
imab therapy, CRP could be predictive of loss of response in 
CD patients. Indeed, at week 22 of initiation, a CRP level 
>5 mg/L and a trough level (TL) >5.5 μg/mL, and the pres-
ence of anti-drug antibody (ADA) could predict a loss of 
response in 50 % of patients within 20 months [15].

CRP has been identified as a predictive factor for relapse 
in CD patients after anti-TNF withdrawal. Louis et al., in the 
prospective STORI study conducted by the GETAID group, 
investigated anti-TNF withdrawal in CD patients with long-
standing remission of at least 6 months treated with combina-
tion therapy for at least 12 months (i.e., anti-TNF plus 
azathioprine or methotrexate). In this study, relapse occurred 
in 50 % of these patients within 18 months of IFX withdrawal. 
Based on multivariate analysis, the study demonstrated that a 
CRP level ≥5 mg/L before anti-TNF discontinuation was one 
of the risk factors for subsequent relapse [16]. In a post hoc 
analysis of this study, Meuwis et al. also found that the median 
CRP level, measured every 2 months until follow-up or 
relapse, was higher in relapsers compared with nonrelapsers 
(3.9 vs 2.8 mg/L; P = 0.07) [17].

 Fecal Biomarkers

Fecal calprotectin (FC) and lactoferrin (LF) are the two most 
commonly used fecal markers in IBD. FC is a calcium- and 
zinc-binding protein found in large amounts in neutrophil 
granulocytes and, by consequence, increased in the presence 
of intestinal inflammation, with a high sensitivity. However, 
FC is not a specific marker of IBD and can also be increased 
in neoplasia, infections, gastritis with Helicobacter pylori, 
NSAID use, polyps…

In patients with a clinical suspicion of IBD (with symp-
toms of abdominal pain, diarrhea…) the main interest of FC 
is due to its high negative predictive value to detect intestinal 
inflammation. The prospective study of Tibble et al. reported 
in 2000 demonstrated that at levels <30 mg/L, FC had 100 % 
sensitivity and 97 % specificity to discriminate between 
active CD and irritable bowel syndrome (IBS) [18]. A meta- 
analysis published by Van Rhennen et al. that included 13 

M. Flamant and X. Roblin



235

studies (670 adults, 371 children) confirmed that high FC 
levels can differentiate IBD from IBS, with a pooled sensi-
tivity of 93 % and a pooled specificity of 96 % [19]. In this 
meta-analysis, the authors concluded that screening by measur-
ing FC levels helps to avoid a colonoscopy. This aspect was 
reported in an economic study that estimated a 50 % reduction 
in colonoscopies after pre-endoscopic screening with FC, using 
a cutoff level of 50 μg/g [20]. FC measurement can also be 
helpful in children, but a level over 100 μg/g has been calcu-
lated as the cutoff that can distinguish between active inflam-
matory disorders and functional bowel disorders [21].

 Correlation with Endoscopic Activity

Although some studies did not find a good correlation 
between FC and IBD clinical activity [22, 23], others have 
reported a significant correlation between FC levels and 
endoscopic activity in IBD. In CD patients, in a prospective 
study, Schoepfer et al. demonstrated that FC >70 μg/g was 
the most predictive marker of endoscopic activity (based on 
Simple Endoscopic Score for CD) with 80 % sensitivity and 
60 % specificity, rather than CRP, blood leukocytes or the 
CDAI. In this study, FC was also the only marker that reli-
ably discriminated inactive from mild, moderate, and highly 
active disease [24]. In the same way, Langhorst et al. demon-
strated that FC was able to differentiate active IBD from 
inactive IBD and was consistently superior to CRP in its 
ability to reflect endoscopic inflammation [25].

In UC patients, Schoepfer et al. reported from a large 
study that FC more accurately reflects endoscopic activity 
(Spearman’s rank correlation coefficient, r = 0.821) and 
Nancey et al. also demonstrated a good correlation (r = 0.75) 
between FC and endoscopic activity, with levels above 
250 μg/g associated with active disease (P < 0.001) [26, 27]. 
A recent meta-analysis evaluated the diagnostic accuracy of 
FC for the assessment of endoscopically defined disease 
activity in IBD. Including 2499 patients, this meta-analysis 
confirmed that FC is more sensitive than CRP to predict 
endoscopic activity (pooled sensitivity: 0.88 vs 0.49, respec-
tively), both in UC and CD [7]. These data are particularly 
interesting in IBD patients with abdominal symptoms but 
with a lower clinical suspicion of active disease or relapse, in 
helping to decide who should be referred for further 
investigation.

Mucosal healing has become a therapeutic goal in IBD 
patients as it is associated with longstanding remission. 
D’Haens et al. demonstrated that FC levels ≤250 μg/g pre-
dicted endoscopic remission (defined by CDEIS ≤3) with 
94.1 % sensitivity and 62.2 % specificity (PPV = 48.5 %, 
NPV = 96.6 %) [28]. Roseth et al. demonstrated that mucosal 
healing can be determined by a normalization of FC in IBD 

patients, showing that all patients with normal FC (median of 
18 mg/L, range 1–50) had an appearance of both the colon 
and the terminal ileum that was completely normal endo-
scopically [29]. Moreover, in a recent study assessing IBD 
patients both in clinical remission and with mucosal healing, 
an elevated FC level alone was found in patients who relapsed 
compared to those without relapse (284 mg/kg vs 37 mg/kg; 
P < 0.01) suggesting the added value of FC over mucosal 
healing in the prediction of clinical remission [30].

 A Factor Predictive of Response to Treatment 
and Disease Outcome

Many studies have studied the interest of FC measurement to 
predict IBD outcome in clinical practice. Molander et al. 
demonstrated in a cohort of 60 IBD patients that a normaliza-
tion of FC (<100 μg/g) after induction therapy with TNFα 
blocking agents was predictive of sustained clinical remission 
after 12 months compared to an elevated post-induction FC 
level (88 % vs 38 %; P < 0.0001) [31]. In addition, in acute, 
severe UC, Ho et al. found that FC concentrations remained 
significantly higher in patients requiring colectomy compared 
to those responding to medical therapy (1200 μg/g vs 
887 μg/g; P = 0.04) [32].

Studies have also evaluated whether FC measurement for 
IBD patients in clinical remission could be helpful to predict 
disease outcome over time or to evaluate a possible 
 de- escalation of treatment. Mao et al. reported a meta-analy-
sis demonstrating that in quiescent IBD patients, the pooled 
sensitivity and specificity of FC to predict relapse were 78 % 
and 73 %, respectively, and comparable between CD and UC. 
Similarly, de Vos et al. studied the interest of repeated FC 
measurement in UC patients in remission under IFX mainte-
nance therapy, and demonstrated that two consecutive FC 
measurements >300 μg/g with a 1-month interval were the 
best predictor of flare during a 52-week follow-up (61.5 % 
sensitivity and 100 % specificity) [33]. For CD patients with 
longstanding remission of at least 6 months (STORI study), 
Louis et al. demonstrated that an FC level ≥250 μg/g before 
anti-TNF discontinuation was a risk factor for subsequent 
relapse [16]. In the same way, in a recently published study, 
Ben Horin et al. found that after anti-TNF discontinuation 
(both IFX and adalimumab), an abnormal CRP and/or FC 
≥50 μg/g was predictive of risk of relapse even in patients 
with endoscopic mucosal healing [34]. Thus, regarding these 
studies, discontinuation of medical therapy for patients with 
high FC levels appears to be a risk for relapse.

In the special situation of surgery, a recent study evaluated 
the accuracy and usefulness of FC to identify asymptomati-
cally operated patients in postoperative endoscopic remis-
sion or recurrence; at a level of 100 μg/g, FC distinguished 
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between endoscopic remission and recurrence with 95 % 
sensitivity and 54 % specificity. Due to an excellent negative 
predictive value (93 %), the authors concluded that 30 % of 
colonoscopies could be replaced by a simple FC measure-
ment to exclude postoperative recurrence [35].

Lactoferrin (LF) is an iron-binding protein expressed by 
activated neutrophils and secreted by mucosal membranes. 
Some studies have reported similar performance of FC and 
LF tests [25, 36]. The mean sensitivity and specificity of 
fecal LF determination for the diagnosis of IBD are 80 % and 
82 %, respectively [37]. Regarding Langhorst’s study, fecal 
markers (LF and FC) were able to differentiate IBD patients 
with endoscopically assessed inflammation from IBD 
patients without inflammation, and from IBS. In this study, 
neither of the two stool markers investigated was clearly 
superior in the ability to reflect endoscopic inflammation but 
they were both superior to CRP in diagnostic accuracy [25].

 Serological Markers

Although incompletely understood, an abnormal immune 
response to the commensal intestinal flora (various microbial 
antigens) could generate the production of a panel of anti-
bodies in IBD. Blaser et al. demonstrated for the first time in 
1984 an increase in serum antibodies to seven bacterial 
pathogens in a group of CD patients [38]. Anti-Saccharomyces 
cerevisiae antibodies (ASCA) and atypical perinuclear anti-
neutrophil cytoplasmic antibodies (ANCA) have been the 
most widely investigated. However, knowledge of newly dis-
covered antibodies directed against specific microbial anti-
gens has expanded, such as anti-outer membrane porin C 
(anti-OmpC)—which is directed against the OmpC transport 
protein of Escherichia coli, anti-I2, anti-CBir1, and anti- 
glycan antibodies (AMCA, ACCA, and ALCA). The clinical 
significance of these antibodies is being actively investi-
gated, however an increasing number of studies have sug-
gested that patients expressing serological markers at high 
titers are more likely to have complicated disease [39, 40].

Serological markers have been studied in a “prediagnostic 
IBD phase.” Indeed, some studies have assessed the presence 
of serological markers many years before the diagnosis of 
IBD, suggesting that individuals at risk of IBD could be 
identified using a combination of serological markers 
(ANCA, ASCA, anti-CBir1, and anti-OmpC) [41, 42].

At diagnosis, ASCA are more frequently detected in CD 
patients (50–80 %) than in UC patients (2–14 %) or normal 
healthy subjects (1–7 %) [43, 44]. Conversely, ANCA have 
been reported in 60–80 % of UC patients but in only 30 % of 
CD patients [45]. In clinical practice, combination of ASCA 
and ANCA has been described as a valuable serological tool 
to differentiate CD from UC, especially for indeterminate 
colitis, which represents 10 % of IBD patients. Indeed, a very 

high specificity was obtained using a combination of both 
parameters (92 % for CD patients with ASCA+/ANCA− and 
98 % for UC patients with ANCA+/ASCA−) [44, 46].

 Correlation with Disease Location

Recently, some studies have demonstrated that these anti-
bodies can be associated with disease location. Indeed, 
ASCA+ is more frequent in CD patients with upper disease 
or with a pure small bowel involvement compared with CD 
patients with a pure colonic location (81 % and 68 % vs 38 %) 
or ileocolonic location [44, 47, 48]. In the same way, Targan 
et al. found that CBir1 was associated with small bowel dis-
ease (OR = 2.16; P = 0.009) [49].

 Correlation with Disease Severity

Some studies have shown that serological markers, and 
hence high-level immune responses towards microbial anti-
gens, are associated with a more severe disease course. 
Numerous studies indicate that ASCA positivity is corre-
lated with an earlier disease onset [50, 51], which is a recog-
nized factor of disease aggressivity. Moreover, ASCA 
positivity in CD is associated with a higher risk of compli-
cated disease, such as stricturing or penetrating disease, and 
of small bowel resection [39, 52, 53]. Indeed, Vasiliauskas 
et al. demonstrated that all patients with a high ASCA level 
(>50 U/mL) and the ANCA negative immune marker sub-
profile developed fibrostenosis (14/14, 100 %) and most of 
them experienced internal penetrating complications (11/14, 
79 %). In this study, taking into account the prevalence and 
number of surgical procedures per patient with small bowel 
involvement, analysis revealed that surgery was required by 
86 % (12/14) of the high-level-ASCA/ANCA-negative sub-
group [53]. By contrast, in patients with UC, the increased 
frequency of ANCA in treatment-resistant left-sided ulcer-
ative colitis suggests a possible association between these 
antibodies and relative resistance to medical therapy [52]. 
Moreover, patients with very high levels of ANCA had a 
much greater risk of developing pouchitis following ileal 
pouch-anal anastomosis [52, 54].

In the same way, it has been demonstrated that the newly 
discovered antibodies could also be associated with disease 
severity. In the study of Targan et al., CBir1 was associated 
with complicated CD (internal-penetrating, fibrostenosing 
disease features) in 61 %, compared to 42 % of patients with 
inflammatory-only CD (P = 0.002) [49]. Anti-OmpC anti-
body has been detected in 55 % of CD patients [55] and its 
measurement could be useful at diagnosis in ASCA-negative 
patients; Mow et al. demonstrated that CD patients with anti- 
OmpC antibody were more likely to have internal perforat-
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ing disease (50.0 % vs 30.7 %; P = 0.001) and to require small 
bowel surgery (61.4 % vs 44.2 %; P = 0.003), whereas anti-I2 
is an independent marker of fibrostenosis (64.4 % vs 40.7 %; 
P < 0.001) and is also associated with small bowel surgery 
(62.2 % vs 37.4 %; P < 0.001) [39].

A very recent study by Paul et al. confirmed the usefulness 
of anti-glycan antibodies (AMCA, ACCA, and ALCA), alone 
or combined with ASCA or ANCA, for determination of the 
course of IBD. Measuring a large panel of anti-glycans in a 
cohort of 195 IBD patients (107 CD, 85 UC), (1) a severe CD 
course was significantly more likely in the case of high levels 
of AMCA, ASCA, and ACCA (OR = 4.3, 3.5, and 2.8, respec-
tively), and (2) a severe UC course was significantly associ-
ated with AMCA and ACCA (OR = 3.4 and 3.0, respectively) 
[40]. However, tests for these anti-glycan antibodies are not 
widely available in clinical practice.

 Thiopurine Metabolites

Thiopurines in CD are mainly represented by 
6- mercaptopurine (6-MP) and its prodrug azathioprine 
(AZA). AZA and 6-MP have proven efficacy to induce 
remission in active CD, to maintain remission and spare ste-
roid treatment in quiescent, steroid-dependent CD, and to 
prevent recurrence after surgery. The clinical efficacy of 
thiopurines in IBD is related to the production of active 
metabolites. Three key enzymes are involved in 6-MP 
metabolism: thiopurine S-methyltransferase (TPMT) and 
xanthine oxidase (XO), which catalyze the production of the 
inactive metabolites, 6-methyl-mercaptopurine (6-MMP) 
and 6-thiouric acid (6TU), respectively; and hypoxanthine 
phosphoribosyltransferase (HPRT), which is the only 
enzyme that catalyzes the production of the active metabo-
lite, 6-thioguanine nucleotide (6-TGN) that is responsible for 
thiopurine efficacy.

Monitoring thiopurine metabolites can help to predict 
treatment efficacy. Dubinski et al. demonstrated, in a prospec-
tive study of pediatric IBD patients, that a threshold 6-TGN 
level above 235 pmol/8 × 108 red blood cells (RBC) was pre-
dictive of a therapeutic response (P < 0.001) [56]. Numerous 
prospective studies have subsequently found a correlation 
between 6-TGN and clinical response [57–59] and a meta-
analysis by Osterman et al. in 2006 confirmed that more 
patients with 6-TGN levels above 230–260 pmol/8 × 108 RBC 
were in remission than those with levels below this threshold 
value (62 % vs 36 %; P < 0.001) [60]. A meta-analysis by 
Moreau et al. also supported the same 6-TGN level, between 
230–260 pmol/8 × 108 RBC, as a therapeutic threshold for 
clinical remission (pooled OR = 3.1) [61].

Metabolite measurement is particularly useful in patients 
with inadequate response at the initiation or during the 
course of thiopurine treatment. In the case of nonresponse to 

treatment, measurement of 6-TGN can easily identify 
 noncompliant patients (total absence of both 6-TGN and 
6-MMP levels), for whom a therapeutic education should be 
considered. For the others, metabolite measurement may 
help to understand the mechanism of the inadequate response: 
(1) low levels of both 6-TGN and 6-MMP can be related to a 
subtherapeutic dosing, for which an increased dose and a 
level recheck will be considered; (2) a low 6-TGN level with 
a high 6-MMP level could indicate that the patient preferen-
tially metabolizes the 6-MP to 6-MMP, rather than to thera-
peutically active 6-TGN, by a phenomenon of thiopurine 
hypermethylation. In this particular case, some studies have 
demonstrated that it could be possible to optimize thiopurine 
treatment by reducing the thiopurine dose to 25–33 % but 
adding a low dose of allopurinol (50 mg), which is an inhibi-
tor of the xanthine oxidase enzymatic pathway [62]. 
Conversely, (3) high levels of both 6-TGN and 6-MMP are 
the consequence of supratherapeutic dosing and a decreased 
dose will be proposed.

The measurement of thiopurine metabolites also allows the 
risk of treatment-related toxicity to be reduced. High 6-TGN 
levels (>450 pmol/8 × 108 RBC) can result in myelotoxicity 
[56, 63, 64]. In particular, high levels can be observed in 
patients with very low activity of the enzyme TPMT, and 
result in leukopenia observed early in the course of thiopurine 
treatment. Indeed, several polymorphisms have been described 
in the TMPT gene (chromosome 6) leading to different TPMT 
enzyme activities. Homozygous mutation of the TPMT gene, 
present in 0.3 % of patients, is associated with very low TPMT 
activity and a particular risk of myelotoxicity. Thus it is cur-
rent practice to determine TPMT phenotype/genotype before 
prescribing AZA/6-MP, in order to predict those patients at 
risk of accumulating high levels of 6-TGN.

Dubinsky et al. described for the first time an association 
of 6-MMP levels above 5700 pmol/8 × 108 RBC with a three-
fold risk of hepatotoxicity [56, 65]. For these patients, who 
are preferential 6-MMP metabolizers, a study demonstrated 
that splitting the daily dose of thiopurine (switch from once 
daily to BID) can result in the reduction of 6-MMP metabo-
lites (5955 vs 11,879 pmol/8 × 108 RBC; P < 0.0001) while 
maintaining 6-TGN levels (227 vs 250 pmol/8 × 108; 
P > 0.05) [66].

 Therapeutic Drug Monitoring of Anti-TNF 
Alpha

Anti-TNF alpha drugs have revolutionized IBD treatment 
since their approval in the last decade. However, some 
patients do not respond to treatment or may lose clinical 
remission over time. Two meta-analyses found a loss of 
response in 37 % and 18.2 % for IFX and adalimumab, 
respectively, with annual risk calculated to be 13 % and 
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24.4 % per patient year, respectively [67, 68]. In clinical 
practice, a loss of response requires either anti-TNF dose 
escalation or a switch to another anti-TNF therapy. In this 
refractory category of patients, therapeutic drug monitoring 
of anti-TNF, represented by anti-TNF trough levels (TLs) 
and anti-drug antibody (ADA) concentrations, could be 
helpful to guide therapeutic decisions. TLs correspond to the 
serum concentration of the anti-TNF just before a next 
administration and depend on different pharmacokinetic 
parameters of the drug. Conversely, therapeutic drug moni-
toring may also be interesting in patients under long-term 
immunosuppressive therapy with long-standing remission 
and for whom a therapeutic de-escalation or discontinuation 
may be considered.

 TLs and Clinical Outcome

In 2006, Maser et al. confirmed the link between pharmacoki-
netics and clinical outcome by demonstrating that in CD 
patients treated with scheduled maintenance infusions the 
rate of clinical remission was higher for those with detectable 
IFX levels than for patients in whom TLs were undetectable 
(82 % vs 6 %; P < 0.001) [69]. In the same way for UC, Seow 
et al. reported that detectable levels of IFX at week 54 after 
IFX initiation were associated with higher rates of clinical 
remission (69 % vs 15 %; P < 0.001) and endoscopic improve-
ment (76 % vs 28 %; P < 0.001). Conversely, undetectable 
serum IFX was predictive of an increased risk of colectomy 
(55 % vs 7 %, RR = 9.3; P < 0.001) [70].

Many studies have subsequently attempted to identify 
an IFX TL cutoff that can predict a favorable clinical out-
come after IFX initiation. TL cutoff levels have differed 
between studies according to the definition of the time of 
clinical remission [71, 72], but a minimum of 3 μg/mL is 
recognized to be considered beneficial during maintenance 
therapy.

Some studies have considered therapeutic drug monitor-
ing as the basis for a “personalized medicine” by treating 
patients on the basis of TL concentrations rather than accord-
ing to a standard dose regimen. A recent prospective study 
evaluated the clinical benefit of proactive therapeutic drug 
monitoring in IBD patients with a stable response to IFX 
during maintenance therapy. A TL target range of 3–7 μg/mL 
IFX was established (on the basis of previous studies) and a 
dose escalation or reduction was performed depending on 
the level measured. In this study, which included 76 patients, 
more than 90 % of patients achieved the 3–7 μg/mL IFX tar-
get range. Achievement of the target range in patients with 
prior low levels resulted in a higher proportion of patients in 
remission than before dose escalation (88 % vs 65 %; 
P = 0.02). Conversely, for patients with on-treatment TLs 

measured >7 μg/mL, achievement of the target range by 
de- escalation resulted in a 28 % reduction in drug cost from 
before dose reduction (P < 0.0011) without affecting clinical 
outcome [73].

TLs have been less well evaluated for patients treated 
with adalimumab. However, Karmiris et al. demonstrated 
that high TLs in CD patients treated with adalimumab were 
associated with a lower risk of loss of response. Moreover, 
where there was loss of response, dose escalation to 40 mg 
weekly resulted in an increase in TLs (from 4.8 to 9.4 μg/mL 
(P = 0.001)) and was correlated with a new clinical response 
(P < 0.0001) [74]. Roblin et al. demonstrated that high adali-
mumab TLs were also associated with clinical remission and 
mucosal healing in CD and UC patients [75].

 Influence of ADA

In 2003, Baert et al. reported the influence of immunogenic-
ity on the long-term efficacy of IFX. The development of 
antibodies against IFX occurs in up to 61 % of CD patients 
and represents the main factor of immunogenicity [76]. 
Other patient-related characteristics could also interfere with 
anti-TNF TLs, increasing drug clearance independently of 
ADA production: male sex, high body weight, low albumin, 
or endoscopic lesions [77, 78].

ADA production in IBD patients treated with anti-TNF 
drugs is linked with a reduced duration of treatment response 
and also an increased risk of infusion reactions. In particular, 
it has been demonstrated that CD patients treated episodically 
with IFX and having an ADA above the threshold of 8 μg/mL 
were at significant risk of infusion reactions (RR = 2.4; 95 % 
CI, 1.65–3.66; P < 0.001) [76]. A recent meta-analysis by 
O’Meara et al. confirmed this increased risk of infusion reac-
tions in patients with the presence of ADA compared to those 
without (RR = 2.4; 95 % CI, 1.5–3.8; P < 0.001) [79].

Concomitant immunosuppressive therapy reduced ADA 
formation and influenced the pharmacokinetics of 
IFX. Vermeire et al. indicated that concomitant immunosup-
pressive therapy (IMM) was predictive of low titers of anti- 
IFX antibodies regardless of the type of immunosuppressor 
used (i.e., azathioprine or methotrexate). This study deter-
mined that a level of ADA above 8 μg/mL at week 4 of initia-
tion was predictive of a low IFX serum level during follow-up 
[80]. In their meta-analysis, O’Meara et al. confirmed that 
patients on immunomodulators during maintenance with 
IFX therapy had a reduced risk for ADA formation (RR = 0.6; 
95 % CI, 0.4–0.9; P = 0.02), and hence for infusion reactions 
(RR = 0.6; 95 % CI, 0.4–0.8; P < 0.001) [79].

A recently published, retrospective analysis suggested 
that anti-TNF monitoring could be helpful to guide therapeu-
tic decisions according to TLs and ADA concentrations. 
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In particular, depending on pharmacokinetic measurements, 
this could help in the case of a loss of response to decide 
whether to perform an anti-TNF dose escalation or to switch 
to another anti-TNF therapy. Indeed, dosage increases were 
more effective for patients with no or low ADA titers 
(P = 0.02) whereas a switch to another anti-TNF drug rather 
than dose escalation could be advised in patients with high 
ADA levels (>4 μg/mL for adalimumab and >9 μg/mL for 
IFX) (P = 0.03, log rank test) [81].

 Discontinuation of Anti-TNF Drugs

Therapeutic drug monitoring may also be useful for CD 
patients in clinical remission for whom a withdrawal of anti- 
TNF is considered. The prospective STORI study conducted 
by the GETAID group investigated anti-TNF withdrawal in 
Crohn’s disease patients with long-standing remission of at 
least 6 months treated with combination therapy for at least 
12 months (i.e., anti-TNF plus immunosuppressors). Among 
the predictive factors identified for risk of relapse (which 
occurs in 50 % within 18 months of IFX withdrawal) was a 
TLs >4.5 μg/mL prior to IFX cessation. In the same way, 
Papamichael et al. also demonstrated, in a retrospective 
study including 84 CD patients treated with anti-TNF and 
IMM, that patients presenting high TLs (TL >6 μg/mL) had 
a significant risk of relapse whilst sustained clinical remis-
sion was likely for patients with TLs <6 μg/mL (P = 0.031) at 
the time of IFX discontinuation. Furthermore, low or unde-
tectable anti-TNF levels predict a relapse-free survival over 
time [82]. This suggests that patients with higher TLs at the 
time of IFX discontinuation are more prone to relapse and 
probably require continued anti-TNF administration in order 
to maintain an adequate drug concentration, and therefore a 
clinical remission. These data were strengthened by the 
study of Ben-Horin, where a relapse occurred in 80 % of 
patients with measurable drug levels compared to 32 % of 
patients with undetectable drug levels at anti-TNF cessation 
(OR = 8.4; P = 0.002). This suggests that clinical remission in 
these patients is perhaps no longer dependent on anti-TNF 
treatment, which may be stopped [34].

In the TAXIT trial, Vande Casteele et al. implemented a 
drug de-escalation in CD patients with clinical remission and 
high TLs (>7 μg/mL) by one of two means: (1) reduction of 
the dose to 5 mg/kg (if previously on 10 mg/kg), (2) extension 
of the interval between two infusions, each time by 2 weeks 
(to a maximum interval of 12 weeks). Of 72 patients with TLs 
>7 μg/mL, 93 % achieved a normal range after dose reduction 
without affecting clinical outcome [73]. Return to a normal 
TL range could be of benefit in considering potential, but not 
demonstrated, increased risk of adverse events related to 
high TLs.

 Discontinuation of Immunosuppressive Drugs

Stopping IMM in IBD patients treated with combination 
therapy may be considered. In a controlled trial performed 
by Van Assche et al., the influence of immunosuppressive 
drug discontinuation in patients in remission treated with 
combination therapy was studied. Continuation of IMM 
beyond 6 months offered no clear benefit over scheduled IFX 
monotherapy, but was associated with a higher median IFX 
TL and decreased CRP levels. Indeed, CRP was lower and 
IFX TLs higher in the “continuation” group compared with 
the “discontinuation” group (CRP: 1.6 mg/L vs 2.8 mg/L and 
TLs: 2.87 μg/mL vs 1.65 μg/mL for continuation vs discon-
tinuation, respectively; P < 0.0001) [83]. In the same way, 
Drobne et al. reported the results of a retrospective cohort of 
CD patients in remission under combination therapy who 
stopped their IMM. Patients with an IFX TLs >5 μg/mL at 
baseline were the best candidates for IMM discontinuation 
without altering the natural history of the disease. In the sub-
group of patients with detectable IFX TLs <5 μg/mL, the 
cumulative risk of relapse during follow-up was 12 % in this 
cohort [84].

In conclusion, in recent years many retrospective studies 
have demonstrated the interest of therapeutic anti-TNF drug 
monitoring in inflammatory bowel disease, both in the case 
of loss of response and for therapeutic de-escalation or dis-
continuation. The results from an ongoing randomized con-
trolled study, TAILORIX (NCT01442025), which aims to 
compare the management of IBD patients according to phar-
macological and clinical criteria versus clinical criteria only, 
could be useful in this context in the near future.
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Pathology of Inflammatory Bowel 
Disease

Nora E. Joseph and Christopher R. Weber

The diagnosis of inflammatory bowel disease (IBD) depends 
as much on pathologic findings as it does on clinical presen-
tation and endoscopic appearance. This chapter focuses on 
the gross and microscopic features used to diagnose IBD. As 
the clinical course for many IBD patients is often compli-
cated by surgical and medical interventions it is important to 
relay diagnostically important information between team 
members, particularly the pathologist and gastroenterologist. 
Emphasis is placed on the written pathology report to pro-
vide a framework for future communication. Starting with a 
discussion on general features of IBD, subsequent sections 
focus on unique criteria required to differentiate Crohn’s dis-
ease (CD) from ulcerative colitis (UC). A major hurdle in 
rendering a diagnosis of IBD can be excluding other chronic 
disease processes. Therefore, the final segment of this chap-
ter delineates the differential diagnosis of IBD in detail. 
Relevant aspects of disease etiology, pathogenesis, epidemi-
ology, and management are only briefly addressed when per-
tinent to the diagnostic process, as these aspects of IBD are 
extensively reviewed elsewhere in this book.

 General Features of IBD

IBD is a disease characterized by relapsing and remitting 
episodes of diarrhea, which can be further subdivided into 
CD and UC based on unique clinical, endoscopic, and patho-
logic features. Prior to rendering a diagnosis of IBD, careful 
inspection of macroscopic and microscopic features are 
required to rule out other disease processes. To that end, 

three key histologic features must be closely evaluated: 
chronic injury, disease distribution, and disease activity. 
Chronic injury to gastrointestinal mucosa is established fol-
lowing months to years of repeated damage rather than days 
to weeks. As such, the characteristic histologic features of 
chronic injury must be present in order to render a diagnosis 
of inflammatory bowel disease. Next, the extent of active 
disease, or the degree of neutrophilic inflammation, is 
assessed to determine the severity of disease at the time of 
biopsy. Finally, to subclassify IBD into either Crohn’s dis-
ease or ulcerative colitis, the distribution of both chronic and 
active inflammation must be taken into consideration. We 
now explore each of these measures in greater detail.

 Chronic Injury

Chronic injury is not synonymous with IBD, as other chronic 
intestinal diseases may show similar features of cyclical 
injury and regeneration. However, once histologic evidence 
of chronic injury is indentified, self-limited processes, such 
as most forms of infectious colitis, can essentially be ruled 
out. Mimics of IBD are discussed in detail in the last section 
of this chapter. Chronic mucosal injury occurs during peri-
ods of regeneration following repeated episodes of crypt 
destruction and is defined by three hallmark histologic fea-
tures: architectural distortion, basal lymphoid hyperplasia, 
and metaplastic epithelial changes.

Architectural distortion: Crypts are irregularly spaced, 
branched, and/or reduced in number (Fig. 22.1) Crypts in 
normal mucosa extend to the muscularis mucosae; however, 
in IBD, crypts are of variable lengths.

Metaplasia: Defined as “a reversible change in which one 
differentiated cell type (epithelial or mesenchymal) is 
replaced by another cell type” [1]. In intestinal chronic 
injury there are two common types of metaplasia: Paneth 
cell (Fig. 22.2) and pyloric cell. While Paneth cells normally 

N.E. Joseph, M.D.
Department of Pathology and Laboratory Medicine,  
NorthShore University Health System,  
2650 Ridge Ave, Evanston, IL 60201, USA
e-mail: njoseph@northshore.org

C.R. Weber, M.D., Ph.D. (*) 
Department of Pathology, The University of Chicago,  
5841 South Maryland, MC 1089, Chicago, IL 60637, USA
e-mail: christopher.weber@uchospitals.edu

22

mailto:njoseph@northshore.org
mailto:christopher.weber@uchospitals.edu


244

reside throughout the small intestine and in colonic mucosa 
close to the ileocecal valve, the mucosa distal to the splenic 
flexure should have none [2]. Similarly, the presence of 
pyloric glands, normally restricted to gastric epithelium, 
signifies chronic injury when observed in ileal or colonic 
mucosa (e.g., as in Fig. 22.4b).

Basal lymphoid hyperplasia: (Fig. 22.1b) In IBD, an increase 
in lymphocytes and plasma cells are characteristically seen 
in the basal portion of the lamina propria where they form a 
band-like infiltrate. Increased eosinophils and mast cells may 

also be occasionally observed in this location; however, 
abundance of neutrophils should raise the suspicion of active 
inflammation.

 Disease Activity

Disease activity refers to the presence of neutrophils within 
the epithelium. By definition IBD occurs on a background of 
chronic injury; however, activity can occur without evidence 
of chronic injury. Therefore a diagnosis of “chronic active 
colitis” describes the histologic findings of intraepithelial neu-
trophils superimposed on features of chronic injury. This diag-
nosis differs from “active colitis,” which is present in acute 
self-limited inflammatory processes devoid of chronic injury. 
No system for grading of disease activity is  universally 
accepted since studies show poor correlation between micro-
scopic appearance, endoscopic impression, and clinical symp-
tomology [3–6]. However, knowledge of disease severity is 
important clinically, and many pathologists use scales such as 
the one below to quantify activity (Fig. 22.3).

 1. Quiescent: Features of chronic injury are present, but 
intraepithelial neutrophils are not observed (Fig. 22.3a).

 2. Mildly active: Scattered neutrophils are seen within the 
epithelium (Fig. 22.3b).

 3. Moderately active: Neutrophils have migrated across the 
epithelium to collect within crypts and form microab-
scesses referred to as “crypt abscesses” (Fig. 22.3c). 
Crypt rupture and destruction can also be observed.

 4. Severely active: Crypt abscesses have evolved into ero-
sions and/or ulcerations (Fig. 22.3d).

Fig. 22.1 Architectural distortion is a feature of chronic injury. (a) 
Normal colonic mucosa displays evenly spaced non-branched crypts 
that line up along the muscularis mucosa. Lamina propria contains 

sparse infiltrate of inflammatory cells. (b) Crypt branching and basal 
lymphoplasmacytic infiltrate are features of chronic injury in CD

Fig. 22.2 Metaplasia is a feature of chronic injury. Paneth cells are 
normally present in the small intestine and variably in the right colon. 
When identified in the left colon, as in this biopsy, Paneth cells are 
considered to result from a metaplastic process secondary to chronic 
injury (scale bars: 40 μm)
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Mucin depletion, decreased numbers of goblet cells, and 
increased mitotic activity are additional regenerative features 
that are commonly present in IBD but these are not diagnostic, 
as they may also be present in active disease without chronic 
features. Although UC and CD share many of these key 
aspects of injury, unique details define each entity, which are 
elucidated in the subsequent sections.

 Disease Distribution

In the pathology report descriptive words such as “patchy,” 
“focal,” and “diffuse” are used to describe distribution of 
chronic injury. These terms are avoided in descriptions of 
active inflammation as specific patterns of chronic, but not 
active, injury have diagnostic implications in IBD. To accu-
rately assess distribution of disease the pathologist must 
rely on the endoscopist to both sample endoscopically nor-

mal and abnormal areas of mucosa and submit the biopsies 
in separate containers clearly labeled with anatomic location. 
A thorough treatment history should accompany the endos-
copy report as therapeutic interventions can alter disease 
distribution and create diagnostic confusion, as detailed 
below [7].

 Ulcerative Colitis

UC is characterized by diffuse chronic injury starting in 
the rectum and extending proximally to involve sequential 
segments of colon. Ulcerative proctitis refers to disease 
limited to the rectum, whereas ulcerative pancolitis 
describes disease involving the entire colon and rectum. In 
addition to a diffuse pattern of distribution, untreated UC 
inflammation is limited to the mucosa and submucosa in 
most cases.

Fig. 22.3 The acute, neutrophilic component of inflammation is 
graded as activity. (a) Quiescent IBD displays chronic injury, but no 
intraepithelial neutrophils. (b) The presence of intraepithelial neutro-

phils indicates mild active inflammation. (c) Crypt abscesses indicate 
moderate activity. (d) Ulcerations or erosions are a feature of severely 
active IBD. (a–d: scale bars: 40 μm)

22 Pathology of Inflammatory Bowel Disease



246

 Gross Appearance

Key aspects defining UC as a distinct entity are observed mac-
roscopically. Typically, the diffusely affected UC resection 
specimen lies flat when opened on the pathologist’s bench, in 
contrast to the rigid CD specimen (Fig. 22.4). Further inspec-
tion reveals a smooth external surface (serosa) and bowel wall 
of normal thickness, devoid of strictures and fistulas. These 
simple observations reflect two characteristic pathologic fea-
tures of UC: diffuse superficial mucosal inflammation and 
absence of fibrosis. Inflamed mucosal surfaces appear red, 
granular and friable with areas of hemorrhage and ulceration 
in severe cases. The following histologic correlates provide 
explanation for these macroscopic features.

 Microscopic Appearance

Diffuse chronic injury: Histologic features of chronic injury 
described above are seen diffusely throughout the affected 
colon and rectum. Caveats to this distribution of disease are 
discussed at the end of this section.

Depth of disease: In differentiating UC from CD, it is impor-
tant to consider depth of disease. Active UC shows varying 
degrees of neutrophilic inflammation; usually limited to the 
mucosa and superficial submucosa, superimposed on chronic 
injury (Fig. 22.5). Significant mural fibrosis is not usually 
present. However, in severe cases with extensive ulceration 
(i.e., severely active disease), inflammation may extend to the 
muscularis propria or even the subserosal tissues.

Type of ulcer formation: UC ulcers are morphologically distinct 
from those observed in CD. Broad based superficial ulcers 
(Fig. 22.5), typical of UC, markedly contrast with the deep 
knife-like ulcerations associated with CD (below). These differ-
ent types of ulcers reflect the superficial and transmural extent 
of active disease in UC and CD, respectively.

Inflammatory polyps: Also known as pseudopolyps, inflam-
matory polyps are believed to form during repeated cycles of 
ulceration and regeneration in both UC and CD. Pseudopolyps 
are not associated with an increased risk for neoplastic trans-
formation; however, they may be extensive (Fig. 22.6) and 
are frequently biopsied to rule out polypoid dysplasia. 
Although not a premalignant lesion, the presence of pseudo-
polyps, in general, indicates long duration of severe disease, 
a factor which increases overall risk for dysplasia or frank 
malignancy anywhere in the affected colorectum [8].

 Microscopic Features of UC That Can Mimic CD

Continuous distribution and superficial extent of disease are 
hallmarks of UC; however, overlapping features with CD may 
arise and are discussed in this section. Backwash ileitis [9, 10]: 
Activity and even low grade chronic injury may extend into the 
distal ileum, particularly in severe UC pan- colitis. In contrast to 
Crohn’s ileitis, which typically shows a patchy pattern through-
out the ileum, involvement in UC is distal, diffuse, and pre-
dominately limited to the ileocecal valve. As ileal involvement 
by UC resolves following totally colectomy, the inflammation 
is believed to be caused by proximal extension of colonic 
disease through an incompetent ileocecal valve. Thus, the 

Fig. 22.5 Inflammation in UC is limited to the mucosa and superficial 
submucosa. In this case of severely active disease, a broad based area of 
ulceration is present in the right portion of the image. Inflammation 
does not extend deeply into the muscularis propria, there is no fibrosis, 
and there are no granulomas present. In an area of epithelium away 
from the ulcer, architectural distortion is present and is indicative of 
chronic injury (scale bars 0.6 mm)

Fig. 22.4 Features of UC are evident on gross examination. In this 
total colectomy specimen, the entire mucosa from distal rectum to the 
cecum is hemorrhagic and friable. The specimen lies flat because of the 
absence of full thickness inflammation. There is a sharp transition to 
normal tan colored small intestinal mucosa at the ileocecal valve (IC; 
dashed line). (Scale bar: 5 cm)
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clever name “backwash ileitis” is a diagnosis which should be 
only made if cecal disease is severe. It can be a challenge to 
make a definitive diagnosis of backwash ileitis and completely 
rule out CD, therefore a detailed diagnostic comment should be 
added to the pathology report to facilitate clear communication 
amongst the clinical team.

Cecal red patch [11–13]: Disease localized to the appendix 
and periappendiceal cecal mucosa, or “cecal red patch,” and 
can be seen in up to one third of patients with UC. 
Histologically, these biopsies resemble mildly active ulcer-
ative colitis (i.e., evidence of chronic injury and intraepithe-
lial neutrophils) and should not be interpreted as patchy 
CD-like distribution.

Transitional areas: Biopsies from the immediate transition 
between normal and the most proximal extent of diseased 
mucosa may create a patchy, CD-like, appearance of disease 
distribution to the pathologist. Therefore, if possible, the 
endoscopist should focus on sampling, and submitting in sepa-
rate containers, representative regions of diseased and normal 
mucosa to provide an accurate map for the pathologist.

True rectal sparing: Although rectal involvement is one of the 
key features of UC, pediatric patients may present with rectal 
sparing [14, 15]. This unconventional distribution of disease is 
considered a normal variant in the pediatric UC population.

False rectal sparing: UC patients receiving long-term thera-
peutic enemas may completely resolve rectal disease but still 
show proximal involvement. The pathologist will be able to 
explain the significance of normal rectal biopsies in this 
clinical context. However, if the treatment history is withheld, 
an incorrect diagnosis of CD is possible.

Granuloma formation: Presence or absence of granulomas is a 
common histologic feature used to differentiate UC from 
CD. Well or poorly formed granulomas, characteristic of CD, 
appear as pale compact aggregates of histiocytes surrounded 
by lymphocytes, discussed in detail below. Diagnostic confu-
sion may arise when similar features are seen in UC patients. 
Although well-formed granulomas are not associated with UC 
pathogenesis, loose aggregates of histiocytes, or macrophages, 
may be seen in UC patients. Histiocytes function to clear cel-
lular debris and foreign material following injury. Therefore, 
during episodes of active inflammation, crypts may rupture, 
releasing mucin into the lamina propria. The extracellular 
mucin signals histiocytes to the affected area, and results in 
formation of the so-called “mucin granulomas.” Additionally, 
multinucleated histiocytes, known as “foreign body type giant 
cells” can cluster near areas of ulceration and mimic granu-
loma formation. Thus, it is essential to carefully inspect the 
quality of the histiocytic reaction in respect to the associated 
background features to determine the significance of granu-
loma formation in IBD patients.

 Crohn’s Disease

The first microscopic description of what is now known as 
Crohn’s disease was made by Crohn, Ginzburg, and 
Oppenheimer in 1932, although autopsy and clinical case 
reports of patients with CD-like symptoms have existed for 
centuries (e.g., Louis XIII of France) [16]. In the description by 
Crohn et al., the term, “regional ileitis” was used to describe 
full-thickness inflammation of the bowel wall, fibrosis, stric-
ture formation, well-formed granulomas, and a tendency to 
form fistula tracts [17]. Today, we recognize a similar spectrum 
of findings anywhere in the gastrointestinal tract as CD.

Fig. 22.6 Inflammatory polyps may be numerous. (a) In this total 
colectomy specimen, the cecum displays numerous filiform polyps in 
the descending colon and rectum (scale bar: 2.5 cm). (b) Histologic 

examination of one of the polyps from (a) reveals quiescent IBD, and 
no evidence of dysplasia. (Scale bar: 1 mm)
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 Gross Appearance

Unique gross and microscopic features of CD and UC are 
shown in Table 22.1. CD occurs in a patchy or segmental dis-
tribution anywhere in the gastrointestinal tract in contrast to 
UC which is diffuse and limited to the colon and rectum. 
Segmental distribution is illustrated in Fig. 22.7. Here the 
involved external serosa reveals “creeping fat” or “fat wrap-
ping” due to fibrous adhesions and increased fat deposition 
(Fig. 22.7 inset). The affected area in this resection specimen 
is characteristically narrowed from stricture formation and 
flanked by discrete regions of normal appearing intestine. 

Most notably, the opened specimen does not lay flat (compare 
Fig. 22.7 CD specimen to Fig. 22.4 UC specimen), a result of 
extensive fibrosis and transmural disease. On closer inspec-
tion, a markedly thickened bowel wall and strikingly nar-
rowed luminal diameter can be appreciated in the strictured 
segment. The mucosa takes on a cobblestone appearance due 
to alternating areas of ulcerated and preserved mucosa. Deep, 
knife-like ulcerations, which give rise to fistula tracts, are 
common but not easily appreciated in this image. When exam-
ining a severely active CD specimen such as this, it is not dif-
ficult to understand how stricture and fistula formation carry a 
high risk of perforation and abscess formation, both indicators 
for segmental resection. Pseudopolyps (e.g., Fig. 22.6), cre-
ated by cycles of regeneration and injury, are identical to those 
observed in UC (see above discussion).

 Microscopic Appearance

As CD may involve any part of the gastrointestinal tract 
classic histologic features can be observed in the oral cavity 
(Fig. 22.8a), esophagus, stomach (Fig. 22.8b), and small 
(Fig. 22.8c) and large intestines (Fig. 22.8d). Along with 
distribution and depth of disease, several additional histo-
logic features define CD: type of ulcer, fibrosis, granuloma 
formation and neuronal hyperplasia.

Patchy chronic injury: Analogous to the gross morphologic 
features described in the previous discussion, histologic 

Table 22.1 Key gross and microscopic features of UC and CD

Ulcerative colitis Crohn’s disease

Gross features

Distribution Continuous extending 
proximally from rectum

Segmental, involving 
any part of the GI tract

Thickness Superficial, limited to 
mucosa and submucosa

Full thickness, often 
extending through 
muscularis propria

Microscopic features

Ulcerations Broad and shallow Knife-like and fissuring

Granulomas Associated with ruptured 
crypts and areas of 
ulceration

Compact and well 
formed

Distribution Diffuse throughout 
biopsy

Patchy, alternating areas 
of normal and injured 
mucosa in single biopsy

Fig. 22.7 Features of 
Crohn’s colitis are evident on 
gross examination. In this 
segmental resection of colon, 
the resection margins have a 
normal pink tan appearance. 
The lumen in the center 
portion of the specimen is 
narrowed, and the walls are 
thickened. In contrast to what 
is observed in UC, the 
specimen will not lay flat. The 
serosal surface (inset) 
displays evidence of fat 
wrapping, or creeping fat. 
(Scale bar: 5.0 cm)
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discontinuous disease distribution is illustrated by distinct 
areas of normal and diseased mucosa within a single biopsy 
(Fig. 22.8d), as well as separate affected and non affected 
biopsies from sequential segments of small and large intes-
tine. Please refer to the to the UC section on caveats to dis-
ease distribution.

Depth of disease: Similar to UC, active neutrophilic inflam-
mation ranging from quiescent to severely active is superim-
posed on chronic injury (Fig. 22.4). However, in CD, 
inflammation may extend transmurally to form strictures and 
fistula tracts, features not present in UC. Limited superficial 
mucosal inflammation without full thickness involvement 
can occur and should not rule out a diagnosis of CD.

Type of ulcer: Small aphthous ulcers and deep, knifelike, 
fissuring ulcers are characteristic of CD. Aphthous ulcers seen 
endoscopically correlate with small collections of intraepithe-
lial neutrophils overlying lymphoid aggregates histologically 
(Fig. 22.9). These are believed to coalesce, resulting in deep 
ulceration which eventually can extend into the muscularis 
propria. Fistula formation likely develops from these large 
deep fissuring, knife-like, ulcers extending through the serosa 
and into pericolonic fibroadipose tissue (Fig. 22.10).

Fibrosis: In CD, transmural lymphoid aggregates along with 
diffuse lymphoplasmacytic and variable neutrophilic inflam-
matory infiltrates are observed within a markedly thickened, 
fibrotic stroma. Proliferation of inflammatory cells, fibroblasts 

Fig. 22.8 CD may occur anywhere in the gastrointestinal tract. (a) 
Squamous mucosa has increased intraepithelial lymphocytes and 
numerous inflammatory cells are present in the lamina propria. 
Epithelial cells are reactive, and mild basal cell layer hyperplasia is 
present. A granuloma is present in the lamina propria (inset). (b) Antral 
mucosa in the left portion of the image appears normal with clear 
mucous and bicarbonate secreting foveolar cells, which normally line 
the entire gastric mucosa. Focal active CD with ulceration is present in 

the right portion of image. The regenerating foveolar epithelial cells 
appear mucin depleted and the lamina propria has a dense lymphoplas-
macytic infiltrate. Antral glands have been destroyed in this area. 
Helicobacter pylori organisms were not present. (c) Ileal villus archi-
tectural distortion and pyloric metaplasia (inset) are present in this 
patch of ileal mucosa involved by CD. (d) Focal chronic active colitis is 
present in this biopsy from a patient with CD. (All scale bars: 60 μm)
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and myofibroblasts along with increased collagen deposition 
can extend into the serosa and pericolonic fibroadipose tis-
sues culminating in stricture formation.

Granulomas: The granulomas of CD may be poorly or tightly 
formed and can be found in any layer in the bowel wall. As 
described in the UC section, mucin granulomas and foreign 
body type reactions secondary to epithelial injury must be 
differentiated from well-formed granulomas diagnostic of CD. 
Sarcoidosis and tuberculosis are other  granuloma forming 
processes to be considered and ruled out prior to rendering a 
diagnosis of CD.

Neuronal hyperplasia: Parasympathetic ganglia in the sub-
mucosa (Meissner’s plexus) and muscularis propria (myen-
teric, or Auerbach’s, plexus) can become hypertrophic in 
CD, displaying irregularly shaped nerve bundles and 
increased ganglion cells.

Although many cases of CD will display some or all of 
the above morphologic features, there is often significant his-
tologic and clinical overlap between CD and UC. Therefore, 
it is important to include detailed descriptions in the pathol-
ogy report to properly assess future biopsy material in order 
to render a definitive diagnosis.

 Complications of IBD

Management of the IBD patient is complicated by the natural 
progression of the disease process, as well as the therapeutic 
interventions themselves. The pathology of commonly 
encountered complications in IBD is addressed below.

 Complications of Severe IBD

Obstruction, fissures, and fistulas: As discussed above, CD is 
associated with stricture and fistula formation necessitating 
segmental resection. Strictures seen in UC patients can also 
be associated with obstruction from diverticular disease, but 
can represent an advanced adenocarcinoma.

IBD associated dysplasia: IBD is linked to an increased risk 
of colorectal carcinoma. IBD-associated dysplasia, a pre-
cursor lesion, and carcinoma occur at a younger age than the 
general population [18]. Endoscopic screening allows for 
the detection of dysplastic lesions and early carcinomas, 
thereby decreasing the risk of developing invasive and meta-
static disease, respectively [19]. Guidelines for screening 
and management are discussed in Chap. 9.

Fig. 22.9 Aphthous ulcerations are early lesions of CD. These occur 
over lymphoid follicles and are associated with the presence of intraepi-
thelial neutrophils (inset) (scale bars: 40 μm)

Fig. 22.10 Inflammation in CD may be transmural. In this case of 
severely active disease in the colon, a knife-like fissuring ulcer is present, 
there is fibrosis of the submucosa and serosa, and numerous granulomas 
(inset) are present (scale bars 0.4 mm)
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In patients with IBD dysplasia may present with an endo-
scopically apparent lesion or mass (dysplasia-associated lesion/
mass; DALM), or may be flat, which can be difficult to detect. 
Therefore, random biopsies of both suspicious and normal 
appearing mucosa are critical in IBD associated dysplasia. In 
addition, sporadic adenomas occur in IBD patients in the same 
frequency as non-IBD patients. As treatment for a sporadic 
adenoma is simple polypectomy versus aggressive follow-up 
and often resection for IBD associated dysplasia [19], much 
effort is given to differentiate the two. This can be quite a dif-
ficult task as there are currently no highly specific guidelines to 
follow [20]. However, the key feature favoring IBD-associated 
dysplasia is the presence of chronic injury in the mucosa sur-
rounding the area of dysplasia. Patient age and duration of dis-
ease are essential clinical features to consider as well. For 
instance a patient under the age of 40 is less likely to have 
developed a sporadic adenoma. Similarly, IBD associated dys-
plasia would be unusual in a patient with new-onset IBD.

Microscopically dysplasia is categorized as either low or 
high grade. An important feature in both grades of dysplasia 
is the lack of maturation of epithelial cells towards the sur-
face epithelium. Low grade dysplasia is characterized by tall 
columnar epithelial cells with pseudo-stratified, basally ori-
ented, hyperchromatic and elongated nuclei (Fig. 22.11a). In 
contrast, high grade dysplasia (Fig. 22.11b) displays more 
severe cytologic features such as loss of epithelial polarity, 
pleomorphic nuclei, and bizarre mitotic figures, as well as 
architectural abnormalities, i.e., back to back, or cribriform 
glands. To complicate a diagnosis of IBD-associated dyspla-
sia further, during active disease states, the non-dysplastic 
mucosa is quite inflamed which can result in atypical histo-
logic features referred to as “reactive epithelial atypia.” 
Reactive epithelial atypia can sometimes be difficult to 
differentiate from high grade dysplasia as there may be 

overlapping abnormal cytologic features. However, the most 
critical histologic feature to assess in differentiating high 
grade dysplasia from reactive epithelial atypia is epithelial 
polarity. As epithelial cells demonstrating high grade dyspla-
sia display loss of apicobasolateral polarity the cells no lon-
ger line up uniformly on the basement membrane. The higher 
the grade of dysplasia, the more severe loss of polarity. 
Epithelial cells displaying features of reactive atypia secondary 
to inflammation should always maintain polarity, lining up 
evenly and regularly on the basement membrane (Fig. 22.12). 

Fig. 22.11 Patients with inflammatory bowel disease have an increased 
risk of developing premalignant, dysplastic epithelial lesions. Low 
grade dysplasia (a) is characterized by the presence of hyperchromatic, 
enlarged nuclei, with some stratification (inset), but all dysplastic cells 
are similar in shape and oriented in the same direction. (b) Cells of high 

grade dysplasia are markedly pleomorphic and nuclei are haphazardly 
oriented with respect to the basement membrane. Cribiforming, or for-
mation of back to back glands, is present, and a desmoplastic (fibrotic) 
response indicates invasion in the lower part of the image (scale bar 
40 μm)

Fig. 22.12 Indefinite for dysplasia. This biopsy from a patient with 
ulcerative colitis was called, “indefinite for dysplasia.” The biopsy 
shows some hyperchromatic enlarged nuclei and loss of polarity 
extending to the surface epithelium. In this setting of moderate active 
inflammation (inset), it was felt that this was most likely not dysplastic, 
and this was expressed in a diagnostic comment. The clinical plan was 
to follow this patient closely and to re-biopsy at a later time once the 
active inflammation was brought under control (scale bar 40 μm)
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In  addition, if the biopsy material is limited or poorly processed, 
it may be impossible to differentiate dysplasia from histologic 
artifact. Therefore, a third category of “indefinite for dysplasia” 
may be used sparingly to communicate to the clinician that a 
firm diagnosis of dysplasia cannot be made on the current 
biopsy material submitted for review. In these situations it is 
critical to write a comment in the pathology report detailing the 
reason behind a diagnosis “indefinite for dysplasia.” For exam-
ple if the mucosa revealed severe inflammation, additional 
biopsy material should be obtained after the patient is treated 
and active inflammation reduced. On the other hand, if the biop-
sies were too small or crushed, or the tissue processing was 
poor, then the clinician may re- biopsy right away given the high 
risk for invasive carcinoma in IBD patients with dysplasia.

Toxic Megacolon: Several inflammatory conditions, most 
commonly UC, can involve rapid dilation and loss of con-
tractility within a colonic segment. Inflammation and or 
stretching causes increased wall tension and subsequent 
damage to the muscularis propria and myenteric plexus. 
Nonfunctional muscle and nerve results in extreme bowel 
wall thinning that, when subjected to increased luminal pres-
sure, is at high risk for perforation. This process, known as 
“toxic megacolon” is associated with a high mortality rate 
and is an indication for immediate colectomy.

 Complications of Therapy

Diversion Colitis: Segments of bowel surgically isolated 
from the normal fecal stream can develop extensive mucosal 
follicular hyperplasia, a condition known as diversion colitis 
(Fig. 22.13). Inflammation can also extend more deeply and 

resemble CD. Knowledge of the surgical anatomy is criti-
cally important in differentiating diversion colitis from CD.

Pouchitis: Total abdominal colectomy with ileal-anal anasto-
mosis is the surgical treatment of choice for uncontrolled 
UC. An ileal pouch can be created to serve as a fecal reser-
voir in selected patients; however, as small bowel does not 
normally perform colonic functions, the pouch mucosa is 
subject to irritation and inflammation, a complication termed 
pouchitis (Fig. 22.14). Chronic and active injury in the small 
bowel mucosa of the pouch in a UC patient can create diag-
nostic confusion by raising the possibility of a missed CD 
diagnosis. Differentiating pouchitis from CD is critically 
important. Features favoring a diagnosis of pouchitis include:

 1. Prior biopsy and colectomy specimens that do not display 
macroscopic or microscopic features of CD (Table 22.1).

 2. Preserved mucosal architecture in pre-pouch ileal biopsies 
(Fig. 22.14a vs. 22.14b).

 3. Absence of clinical and radiographic evidence of CD 
elsewhere in the body.

 4. A positive family history of Crohn’s disease and/or HLA 
genotypes.

Cytomegalovirus infection: IBD patients are considered at 
baseline to be immunocompromised compared to the general 
population. With the standard use of immunosuppressive 
agents for therapy, treated patients will become even further 
immunosuppressed. As such, they are at increased risk for 
many infections, including cytomegalovirus (CMV). 
Unsuspected CMV infection during treatment is of particular 
importance because it can mimic therapeutic failure and 
worsen symptoms. The classic eosinophilic cytoplasmic and 
intranuclear inclusions (Fig. 22.15) are present in enlarged 
endothelial and epithelial cells. When surrounded by a clear 
halo, the nuclear inclusions are referred to as “owl’s eyes.” As 
these inclusions can be difficult to find, multiple H&E levels 
must be examined and, when suspicion is high, as in severe 
active disease states, immunohistochemical stains and or PCR 
for CMV DNA can be utilized to highlight viral proteins.

Pseudomembranous Colitis: After antibiotic therapy, infec-
tion with Clostridium difficile, or other toxigenic bacteria 
may lead to severe diarrhea in IBD and non IBD patients. 
White to yellow pseudomembranes seen on endoscopy cor-
relate with supraepithelial lamellated layers of fibrin, mucin, 
neutrophils, and necrotic cells histologically. Eruptions of 
the lamellated layers streaming out of crypts, are referred to 
as “volcano lesions.” When the active inflammatory compo-
nent is not obvious, epithelial withering and other features 
of ischemia can provide clues to a diagnosis of pseudomem-
branous colitis. All of the above features can be seen on a 

Fig. 22.13 Histologic features of diversion colitis are seen in segments 
of bowel removed from the normal intestinal flow. In this biopsy, the 
typical diversion colitis features (i.e., lymphoid hyperplasia) are seen in 
a background of chronic injury of UC

N.E. Joseph and C.R. Weber



253

background of chronic injury (Fig. 22.16), so IBD patients 
with a history of extensive antibiotic use should be assessed 
for the presence of fecal C. difficile toxin.

 Extraintestinal Manifestations of IBD

IBD manifests in many other organs besides the gastroin-
testinal tract, including the pancreas, skin, and the muscu-
loskeletal system. Detailed discussions of these entities are 
beyond the scope of this chapter (see Chap. 5), but a few 
clinically important manifestations will be briefly 
addressed here.

Primary Sclerosing Cholangitis: Primary Sclerosing 
Cholangitis (PSC) is a chronic cholestatic disease character-
ized by inflammation, fibrosis and strictures of extra and 
intrahepatic bile ducts ultimately leading to cirrhosis. PSC is 
strongly associated with UC and affected patients carry a 
threefold increased risk of developing colonic dysplastic 
lesions [21]. The hallmark histologic features in liver speci-
mens include “onion-skinning” fibrosis and lymphocytic 
inflammation surrounding large, mainly extra-hepatic, bile 
ducts (Fig. 22.17).

Fig. 22.14 Pouchitis may be associated with features of chronic injury 
that should not be confused with recurrent CD. (a) The pre-pouch 
biopsy shows relatively normal small intestinal architecture. (b) Diffuse 

chronic mucosal injury with active inflammation is seen in the pouch, 
but there are no features specific for CD

Fig. 22.15 Cytomegalovirus superinfection is a feature that should not 
be overlooked in any immunosuppressed patient. Endothelial cells con-
tain intranuclear viral inclusions (scale bar 20 μm)

Fig. 22.16 Pseudomembranous colitis may coexist with IBD. A pseu-
domembrane composed of fibrin and inflammatory cells is a typical 
feature of pseudomembranous colitis. Several “volcano lesions” are 
notable in the upper left portion of the image (scale bar: 300 μm)
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Mucocutaenous lesions: Skin and oral lesions have been 
reported in up to 20 % of IBD patients [22]. These lesions 
may be direct manifestations of the primary inflammatory 
process or secondary to nutritional deficiency.

Pyoderma gangrenosum [23]: More common in UC than CD, 
pyoderma gangrenosum is seen exclusively in the IBD patient 
population. These lesions occur during times of active disease 
but can also herald a diagnosis of IBD. Clinically, the lesions 
appear most commonly in the pretibial region, as ulcers with 
dark necrotic centers surrounded by bright erythematous 
skin. Histologic features of necrosis, vasculitis, thrombosis 
and dense neutrophilic infiltrates are nonspecific. These 
lesions become important clinically when ulcerations extend 
into the bone resulting in osteomyelitis, an infection requiring 
intensive medical treatment.

Cutaneous Crohn’s Disease: Inflammation can extend directly 
from perianal and ostomy sites to the skin, and rarely can 
involve areas of skin without direct spread from the gastroin-
testinal tract. Lesions can be raised or flat, with or without 
ulcerations [24]. Histologically, noncaseating granulomatous 
inflammation is observed predominantly in the dermis. Since 
several other inflammatory and infectious processes result in 
granulomatous inflammation in the skin, it is important to be 
aware of cutaneous manifestations of CD.

 Oral Lesions

Recurrent oral aphthous ulcers are the most common extrain-
testinal manifestation of IBD. These well-defined, “punched- 
out” superficial ulcerations may indicate primary IBD or 

result from nutritional deficiencies secondary to gastrointes-
tinal pathology. Occurring most often during active disease, 
aphthous ulcers are often associated with other extraintesti-
nal demonstrations of IBD.

 Eye Lesions

A variety of eye lesions involving not only the conjunctiva 
and retina but also periorbital skin and muscle are observed 
in approximately 10 % of IBD patients.

 Mimics of IBD

Many diseases characterized by ongoing active inflammation 
for an extended period of time are included in the clinical 
differential diagnosis of IBD. Therefore entities lacking fea-
tures of chronic injury such as acute self-limited infectious 
colitis, lymphocytic colitis, and collagenous colitis are fre-
quently biopsied, but can usually be differentiated from 
IBD. However, when chronic injury is present, as seen in 
association with radiation, ischemia, mucosal prolapse, 
diverticular disease, autoimmune disease and medication, 
knowledge of unique histologic features is required to dif-
ferentiate IBD from these entities.

Infectious colitis: Infectious colitis due to bacterial infec-
tions, such as Yersinia, Campylobacter, Salmonella, and 
Shigella, are self-limited, and therefore, the causative agent 
is frequently not determined. Inflammation is predominantly 
neutrophilic, similar to active IBD; however, chronic injury 
is absent (Fig. 22.18). Interestingly, several bacterial species 
can create granulomatous inflammation, a feature not to be 

Fig. 22.17 Primary Sclerosing Cholangitis affects extrahepatic and 
larger intrahepatic bile ducts. (a) Several layers of hypocellular collagen 
surround normal intralobular bile ducts, which are lined by simple cuboi-

dal epithelium. (b) The bile duct of a patient with UC and primary scle-
rosing cholangitis demonstrates “onion-skinning” fibrosis and prominent 
periductal lymphocytic infiltrate (scale bars: 150 μm)
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confused with CD [25]. Parasitic infections such as 
Entamoeba histolytica can produce deep ulcerations resem-
bling CD. While uncommon in most Western nations, these 
infections must be considered in the differential diagnosis of 
any patient who may have lived or recently visited tropical 
countries where such diseases are endemic.

Microscopic colitis: Microscopic colitis manifests as chronic 
diarrhea appearing endoscopically normal but histologically 
abnormal. The term microscopic colitis actually describes two 
main pathologic entities: collagenous colitis (Fig. 22.19a) and 
lymphocytic colitis (Fig. 22.19b). Both collagenous and 

lymphocytic colitis are defined by increased intraepithelial 
lymphocytes. Mild active inflammation may be present, but is 
not a principle histologic feature. Increased numbers of mono-
nuclear cells are observed in the lamina propria; however, this 
tends to be more superficial and not the characteristic basal, 
band-like infiltrate of IBD. Some chronic regenerative features 
such as Paneth cell metaplasia and mild crypt architectural 
distortion can also be seen, but [26] severe architectural irreg-
ularities should raise the possibility of IBD. Collagenous coli-
tis is differentiated from lymphocytic colitis by the presence 
of a thickened, eosinophilic, collagenous table located 
directly beneath the epithelial layer, classically entrapping 
small capillaries and cellular debris.

Chronic Radiation Colitis: When provided with proper clini-
cal history, radiation damage is usually not a diagnostic chal-
lenge; however, chronic mucosal injury sustained from 
radiation may remain clinically silent for years [27]. Biopsies 
reveal marked architectural distortion along with regenera-
tive cytological atypia beyond what can be attributed to 
chronic injury in IBD (Fig. 22.20a). Extreme cellular and 
nuclear enlargement in unusually shaped, flattened epithelial 
and endothelial cells and fibroblasts are atypical cytologic 
clues to previous radiation therapy. Additionally, extensive 
hyalinization can be seen in connective tissue and within 
blood vessel walls, the latter of which may result in vascular 
occlusion and superimposed ischemic injury (below).

Ischemia: Causes of ischemic injury may be primarily vascu-
lar or hematologic, may occur secondary to intrinsic intestinal 
obstruction causing vascular compression, infection, or drugs 
[28]. The characteristic features of ischemia are a withered or 

Fig. 22.18 Self-limiting infectious colitis is associated with active 
inflammation, but the absence of chronic injury. Mild to moderately 
active inflammation is present within this colonic biopsy (inset). There 
is no evidence of crypt architectural distortion (scale bar: 80 μm)

Fig. 22.19 Microscopic findings in two patients with watery diarrhea 
and normal endoscopy. (a) Collagenous colitis is associated with a 
thickened and irregular subepithelial fibrous band present beneath the 
surface epithelium. Overall crypt architecture is preserved. Lamina pro-
pria plasma cells are numerous towards the surface. (b) Intraepithelial 

lymphocytes are numerous in this biopsy from a patient with lympho-
cytic colitis. Absence of a thickened collagen band differentiates lym-
phocytic from collagenous colitis. Again, overall crypt architecture is 
preserved (scale bars: 20 μm)
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Fig. 22.20 Features of chronic injury are seen in disorders other than 
inflammatory bowel disease. In each of these situations, clinicopatho-
logical correlations are essential. (a) Chronic colonic injury may occur 
secondary to radiation therapy. Fibrosis of the basement membrane and 
surface cytological atypia are features consistent with a known history 
of radiation injury. (b) Ischemia is associated with withering of surface 

epithelial cells and mild fibrosis of the lamina propria. Basally located 
crypt epithelial cells appear relatively well preserved. (c) In solitary 
rectal ulcer syndrome smooth muscle fibers extend upward from into 
the lamina propria. (d) Diverticular associated colitis may similarly 
resemble IBD (all scale bars: 80 μm)

Fig. 22.21 Chronic active 
colitis may occur secondary 
to drugs. This is an example 
of ipilimumab colitis in a 
patient with melanoma (scale 
bars: 40 μm)
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attenuated surface epithelium, increasing in severity towards 
the luminal surface, in association with relatively preserved 
crypt epithelium. This appearance reflects low oxygen 
tension towards the lumen while crypt epithelial cells 
remain close to the lamina propria vasculature 
(Fig. 22.20b). In severe cases the entire mucosa may dis-
play intense active inflammation with crypt abscesses forma-
tion and ulceration or show complete mucosal necrosis. The 
lamina propria is hemorrhagic and edematous early in the 
disease process, becoming increasingly fibrotic after repeated 
ischemic episodes (Fig. 22.20c). As ischemia is dictated by 
vascular supply, injury is usually focal or segmental, a pattern 
of distribution similar to CD. Careful examination of submu-
cosal vessels may reveal diagnostic clues such as vessels with 
fibrin thrombi or amyloid deposition; however, the etiology 
of ischemia is often unknown.

Solitary Rectal Ulcer/Mucosal Prolapse: Solitary rectal 
ulcer syndrome typically occurs in the anterior rectal wall, 
and, ironically, may be neither solitary nor ulcerated. The 
histological features reflect injury due to prolapse of mucosa 
into the fecal stream, including epithelial hyperplasia with 
mucosal ischemic changes. Prolapsed strands of smooth 
muscle can be seen in a hyalinized lamina propria running 
perpendicular to the muscularis mucosa (Fig. 22.20c). 
Depending on severity and duration of prolapse, the mucosa 
may become markedly inflamed and architecturally distorted 
and the lamina propria fibrotic, mimicking IBD.

Diverticular disease [29–31]: Biopsies taken from the imme-
diate area of an inflamed diverticulum may display similar 
features of CD; crypt architectural distortion, crypt abscesses, 
and foreign body type giant cell reactions. Furthermore, IBD 
patients can manifest disease within segments of colon con-
taining diverticula, most often the sigmoid colon. This is 
termed diverticular disease-associated colitis (Fig. 22.20d) 
and is not limited to patients with IBD [29]. Thus, knowl-
edge of diverticular disease is essential information to relay 
to the pathologist.

Drugs and Toxins: Chemotherapeutic agents, NSAIDS, or 
other drugs (Fig. 22.21) cause a variety of nonspecific 
active and chronic injury throughout the GI tract that can 
appear identical to IBD. Therefore in evaluating erosions, 
ulcerations and diffuse inflammation, knowledge of medi-
cation history is extremely helpful as new onset IBD 
would be very rare in an immunosuppressed patient on 
chemotherapy.

Behçet’s disease [25, 32]: Although rare in Europe and North 
America, Behçet’s disease should be considered in individuals 
with a history of iritis and oral and genital ulcers. Gastrointestinal 

involvement manifests preferentially in the ileocecal mucosa as 
transmural, patchy Crohn’s-like, inflammation. However, 
Behçet’s disease is defined by prominent vasculitis involving 
veins in varying stages of activity, a feature which may or may 
not be seen as a minor component in IBD.

 Summary

An exhaustive review of IBD pathology in this short chapter 
is not possible, so emphasis is intentionally placed on diag-
nostically and clinically relevant macroscopic and micro-
scopic manifestations of UC and CD. Difficulty in providing 
a definitive diagnosis of UC or CD can be due to many fac-
tors, as classic features are not present in every patient. 
Furthermore, the majority of IBD patients have an extensive 
treatment history, thus providing additional complexity to 
the diagnostic process. Therefore, strong communication 
between the pathologist and the clinician is essential in car-
ing for the IBD patient.
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Objective Assessment of Clinical 
Disease Activity

Edouard Louis, Catherine Van Kemseke, 
and Catherine Reenaers

Inflammatory bowel diseases (IBD) are characterized by a 
chronic relapsing inflammation of the gastrointestinal tract. 
This inflammation may lead to complications, including 
intestinal strictures and fistulas in Crohn’s disease (CD) and 
fulminant colitis, microrectum, and microcolon in ulcerative 
colitis (UC). Assessment and quantification of disease activ-
ity by indices is important to distinguish remission from flares 
and to determine different degrees of disease activity and 
severity. These indices are particularly important in clinical 
trials where an objective and reproducible quantification of 
disease activity is mandatory to clearly establish the effect of 
a new drug or to compare treatment strategies. They also tend 
to be more frequently used than in the past in routine practice. 
This is linked to the availability of new treatment options, 
which have been associated with an upgrading of treatment 
objectives and the expanding use of treatment optimization in 
incomplete responders to a given therapy. The currently avail-
able indices assess either clinical activity using simple scores 
or intestinal healing using cross- sectional imaging and endos-
copy. In UC, the importance of mucosal healing and its good 
correlation to clinical activity of the disease has been recog-
nized for a long time [1, 2], and endoscopic assessment has 
been integrated in several composite scores of activity. In CD, 
the correlation between clinical and endoscopic activity, 
albeit significant, was usually weak [3]. The clinical activity 
of the disease has long been considered as the only relevant 
end point of treatments [4, 5]. It is only recently that the sig-
nificance of the persistence of endoscopic lesions in patients 
with clinical remission has been questioned. Particularly, the 
disappearance of significant endoscopic lesions, also called 
“mucosal healing,” has been associated with a better outcome 
in a few clinical trials, cohort or population based studies [6, 
7]. Cross-sectional imaging and stool or blood biomarkers are 
also more frequently used to better characterize disease activ-

ity and the simple clinical assessment has been very much 
challenged and often considered as inadequate for an objec-
tive assessment of disease activity, particularly in CD. These 
biomarkers, as well as endoscopic and medical imaging 
scores, are reviewed elsewhere in this book. Meanwhile, 
much emphasis is put on the importance of patients’ reported 
outcomes and the necessity to collect them in a standardized 
and validated format. These patients’ reported outcomes are 
also reviewed elsewhere in this book. The simple clinical 
assessment of the disease has thus lost a bit of its relevance 
between the necessity of collecting objective markers of dis-
ease activity and the one of collecting patients reported out-
comes. Hence for clinical trial, a decision of the FDA in 2014 
indicates that judgement criteria in CD clinical trials should 
be based on both endoscopic assessment of the disease and 
patients reported outcomes, leaving aside the classical clini-
cal activity indexes like the Crohn’s disease activity index 
(CDAI) [8]. Nevertheless, these clinical scores still represent 
an important part of the patient’s assessment, particularly in 
routine practice, where the clinician still needs reliable, repro-
ducible, and easy-to-use tools to assess clinical activity.

 Activity Indices in Ulcerative Colitis

UC activity indices have been recently reviewed by the task 
force of the International Organization of Inflammatory Bowel 
Disease (IOIBD) [9]. Truelove and Witts first attempted to 
quantify disease activity and defined mild, moderate and 
severe colitis in 1955 [10]. In 1978, Powell- Tuck transformed 
these definitions into a continuous point scale based on ten 
clinical variables (the Powell-Tuck Index also called St Mark’s 
Index) [11]. In 1990, Lichtiger et al. modified the Truelove and 
Witts severity index and described a Lichtiger Index based on 
eight clinical items [12]. Other authors tried to create simpli-
fied versions. Schroeder et al. developed the Mayo disease 
activity index and Sutherland et al. developed the ulcerative 
colitis disease activity index (UCDAI), both of which have 
four components and include endoscopy [13, 14]. Seo et al. 

E. Louis (*) • C. Van Kemseke • C. Reenaers 
Department of Gastroenterology, University Hospital CHU of 
Liège, 4000 Liège, Belgium
e-mail: edouard.louis@ulg.ac.be

23

mailto:edouard.louis@ulg.ac.be


260

proposed an index only based on symptoms and laboratory 
variables [15]. Walmsley and colleagues developed the simple 
clinical colitis activity index (SCCAI), a survey of six ques-
tions about symptoms [16]. Rachmilewitz et al. reported in 
1989 a score based on six clinical variables and one laboratory 
finding named Clinical Activity Index (CAI) [17]. In 2002, 
Levine at al. described another composite score based on five 
clinical items and endoscopic evaluation while Feagan et al. 
developed in 2005 the Ulcerative Colitis Clinical Score 
(UCSS), a modification of the Mayo Score [18, 19]. Recently 
more emphasis has been put on patients reported outcomes 
beside objective assessment using mainly sigmoidoscopy and 
fecal calprotectin.

 Truelove and Witts, Lichtiger (Also Called 
Modified Truelove and Witts Severity Index, 
MTWSI) and Seo index

In 1955, in a placebo-controlled trial of oral cortisone in ulcer-
ative colitis, Truelove and Witts first described an instrument to 
measure disease activity: the Truelove and Witts Severity Index 
based on the six following criteria: number of stools per day, 
blood in stools, temperature, pulse, hemoglobin, and erythro-
cyte sedimentation rate (ESR). The main drawback of this 
score is that it is not quantitative (i.e., no disease severity score 
is generated). Furthermore, it has not been validated.

In 1990, Lichtiger et al. described a modified Truelove 
and Witts Severity Index (MTWSI), also named Lichtiger 
Index, in a pilot trial of intravenous cyclosporine for the 
treatment of severely active steroid-refractory UC [12]. Eight 
variables composed the Lichtiger Index: diarrhea (number of 
daily stools), nocturnal stools, visible blood in stools (% of 
movements), fecal incontinence, abdominal pain or cramp-
ing, general well-being, abdominal tenderness and need for 
antidiarrheal drugs. Total score ranges from 0 to 21 points. 
Clinical response was initially defined as score reduction 
50 % from baseline. A score of less than 10 on two consecu-
tive days was considered to indicate a clinical response in a 
subsequent study [20]. Neither the Lichtiger Index nor the 
definitions of clinic response have been validated.

In 1992, Seo et al. collected prospectively 18 clinical, lab-
oratory and endoscopic parameters from 72 patients during 
85 clinical relapses [15]. A multiple regression analysis was 
done according to Truelove and Witts’ classification with dis-
ease severity (mild, moderate, severe) as dependent variable 
and 18 clinical, laboratory and endoscopic parameters as 
independent variables [15]. Results showed that disease 
severity was significantly influenced by five factors: bloody 
stool, bowel movements per day, erythrocyte sedimentation 
rate (ESR), hemoglobin (Hg), and serum albumin (g/dl). The 
Activity Index (AI) was expressed as follows: AI = 60 × bloody 
stool + 13 × bowel movements + 0.5 × ESR– 4 × Hb – 15 × albu-

min + 200. Activity index scores <150 points correspond to 
mild disease, 150–200 points to moderate disease, and >200 
points to severely active disease. In two subsequent study per-
formed by Seo in patients with active ulcerative colitis, AI 
was able to predict remission or colectomy: an AI score <180 
points after 2 weeks of intravenous corticosteroids predicted 
remission [21] and, on the contrary, a score >200 predicted 
colectomy [22]. In a randomized controlled trial on inflix-
imab as rescue therapy in severe and moderately severe ulcer-
ative colitis, AI significantly predicted response to medical 
therapy or need for colectomy [23]. The AI also correlated 
significantly with endoscopic findings [2].

These three indexes are currently mainly used to assess 
patients with acute severe colitis. In routine practice, it is the 
Truelove and Witts criteria that are used. Acute severe colitis 
is defined by the presence of at least 6 bloody bowel move-
ments per day, associated with at least one objective sign of 
systemic inflammation (low blood pressure, fever, tachycar-
dia, elevated ESR or CRP…) [24]. In clinical trials, those are 
mainly Lichtiger and Seo scores which are used [23, 25].

 Powell-Tuck Index (Also Called St. Mark’s 
Index)

In 1978, Powell-Tuck et al. reported a disease activity mea-
sure (the Powell-Tuck Index) in a randomized controlled 
trial on oral prednisolone given as single or multiple daily 
doses for the treatment of active UC [11]. This disease activ-
ity index included ten clinical variables: general health 
(“Well-being,” range 0–3), abdominal pain (range 0–2), 
bowel frequency (range 0–2), stool consistency (range 0–2), 
bleeding (range 0–2), anorexia (range 0–2), nausea or vomit-
ing (range 0–1), abdominal tenderness (range 0–2), extraint-
estinal complications (eye, mouth, joint, skin) (range 0–2) 
and temperature (range 0–2). The Powell-Tuck index ranges 
from 0 to 20 points. One variation of the Powell-Tuck Index 
includes sigmoidoscopic appearance (0–2 points) increasing 
the total maximum score to 22 points. This endoscopic eval-
uation was mainly based on bleeding. “Remission” was 
defined as a symptom score of zero, “improvement” as a 
reduction in the baseline score by 2 or more points, “no 
change” as a fluctuation of the total score by one point or less 
and “worse” as an increase of 2 or more. Neither the Powell- 
Tuck Index nor the definitions of remission and improve-
ment have been validated. Each of the ten clinical variables 
was correlated with the sigmoidoscopic appearance in a 74 
patients “cohort” [26]. The sigmoidoscopic appearance con-
tributes little to the variation of the index score (only 2 points 
of the maximum 22 points). This was confirmed by Higgins 
et al. who suggested that clinical practice of treating patients 
based on reported symptoms without endoscopic evaluation 
might be appropriate [27].

E. Louis et al.



261

 Simple Clinical Colitis Activity Index, Mayo 
Score and Other Simplified Indexes

Walmsley et al. evaluated 57 patients during 63 assessments 
of disease activity. They collected all items required to calcu-
late the Powell-Tuck index including sigmoidoscopic assess-
ment and added two additional clinical criteria: nocturnal 
bowel movement and urgency of defection [16]. The general 
well-being score from the Harvey–Bradshaw simple index of 
Crohn’s disease activity was substituted for the general 
health question in the Powell-Tuck Index [28]. The category 
of extracolonic features incorporated arthritis, pyoderma 
gangrenosum, erythema nodosum, and uveitis. A multiple 
regression analysis was done according to Powell-Tuck 
Index as dependent variable and authors developed an equa-
tion with six variables which best predicted this index: bowel 
frequency (day) (range 0–3), urgency of defecation (range 
0–3), blood in stool (range 0–3), general well-being (range 
0–4) and extracolonic manifestations (score 1 per manifesta-
tion). Total score ranges from 0 to 19 points. This new index 
was further evaluated in a different group of patients and it 
showed a highly significant correlation with the Powell-Tuck 
index as well as with laboratory data (albumin, hemoglobin, 
platelet count, hematocrit, ESR). Walmsley also showed that 
this Simple Clinical Colitis Activity Index (SCCAI) corre-
lated well with the Seo Index and IBDQ. Clinical remission 
and response criteria were not defined in the initial study. 
Nevertheless, a cutoff value below 2.5 points has been shown 
to correlate with patient-defined remission and a decrease of 
>1.5 points from baseline correlated with patient-defined 
significant improvement [29].

Schroeder et al. developed an instrument to measure dis-
ease activity (the Mayo Score) in a placebo-controlled trial 
on 5-aminosalicylic acid therapy for mildly to moderately 
active ulcerative colitis [13]. This score is a composite of 
clinical and endoscopic parameters. Mayo Score consists of 
four items: stool frequency (range 0–3), rectal bleeding 
(range 0–3), findings of flexible proctosigmoidoscopy (range 
0–3), and physician’s global assessment (range 0–3) 
(Table f). Total score ranges from 0 to 12 points. In addition, 
a patient’s functional assessment representing a general 
sense of well-being was also measured and participated to 
evaluation of physician’s general assessment. It was not 
included in the 12-point index calculation. A complete 
response (remission) was defined as complete resolution of 
all symptoms (all assessment scores were zero). A partial 
response was defined as substantial but incomplete improve-
ment in the assessment scores. If any assessment score was 
noted to worsen, despite improvement in other scores, the 
patients were excluded from this category and considered to 
have had a treatment failure. Neither the Mayo Score nor the 
definitions of complete or partial responses have been vali-
dated. Subsequent studies have modified the definitions of 

remission or clinical response. A remission has been defined 
in the majority of the studies by a global score of zero, while 
clinical response has been defined different ways. The defini-
tion of response ranged from an improvement in the baseline 
physician’s global assessment score and improvement in at 
least one other clinical assessment without worsening in any 
other clinical assessment [30] to a decrease in the disease 
activity index of at least three points [31] or two points [32]. 
More recently, the definition of remission has been extended 
to a score of 1 for either stool frequency or global physician’s 
assessment while the endoscopic and bleeding subscore had 
to be zero [33, 34] or a total score no greater than 2 with a 
maximum of 1 for each subscore [35]. In this last study, a 
mucosal healing was defined by an endoscopic subscore not 
greater than 1. Despite the lack of formal validation, the clin-
ical relevance of these last definitions was demonstrated by 
correlation between these definitions and significant 
improvement in quality of life as measured by the 
Inflammatory Bowel Disease Questionnaire (IBDQ) and by 
the Short Form-36 (SF-36) questionnaire [36–38].

Sutherland et al. described another simple disease assess-
ment tool named the Sutherland Index (also called Disease 
Activity Index—DAI and the UC Disease Activity Index—
UCDAI) in a placebo-controlled trial of mesalamine enema 
in the treatment of distal ulcerative colitis, proctosigmoiditis, 
and proctitis [14]. This index is very close to the Mayo score. 
It consists of four items: stool frequency (range 0–3), rectal 
bleeding (range 0–3), mucosal appearance (range 0–3), and 
physician’s rating of disease activity (range 0–3). Total score 
ranges from 0 to 12 points. Efficacy was defined as a statisti-
cally significant reduction in the Sutherland Index Score and 
a significant reduction in the individual subscores (both cal-
culated individually for each patient). Neither the Sutherland 
Score nor the definitions of complete or partial responses 
have been validated. Subsequent studies have modified the 
definitions of remission and clinical improvement. Remission 
was defined as Sutherland score of ≤1 point with a score of 0 
for rectal bleeding and stool frequency, while clinical 
improvement was defined as a reduction in the Sutherland 
score ≥3 points from baseline [39, 40]. Despite the lack of 
formal validation, the Sutherland Index has been shown to 
correlate with an index based on patient’s opinion developed 
by Higgins et al. [29].

Feagan et al. described the Ulcerative Colitis Clinical 
Score in a double-blind placebo-controlled trial on a human-
ized α4β7 integrin-antibody for the treatment of ulcerative 
colitis [19]. This instrument was a modification of the Mayo 
Score and consisted on four items which were scored from 0 
(normal) to 3 (severe): stool frequency (referring to the usual 
normal number of stools per day when the patient was in 
remission), rectal bleeding, functional assessment by the 
patient, and global assessment by the physician. To define 
clinical remission and response it was used with a modified 
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version of a previously described endoscopic index: the 
Baron score [41]. This score consisted of a four-point scale 
mainly based on the severity of bleeding and not including 
ulceration. The modified Baron score was based on a five- 
point scale (0–4). Clinical remission was defined as a UCCS 
score of 0 or 1 without rectal bleeding and with a normal 
mucosa or only granular mucosa with an abnormal vascular 
pattern on sigmoidoscopy. Clinical response was defined as 
an improvement of three points or more on the UCCS and 
endoscopic response (defined by a Baron score of zero or a 
decrease of at least two points). Neither the UCSS nor the 
definitions of clinical remission and clinical response have 
been validated.

Rachmilewitz et al. reported an instrument subsequently 
named the Clinical Activity Index (CAI) in a randomized 
trial comparing coated mesalamine versus sulfasalazine in 
the treatment of active ulcerative colitis [17]. This index was 
composed of seven variables: number of stools (range 0–3), 
blood in stools (range 0, 2, or 4), investigator’s global assess-
ment of symptomatic state (range 0–3), abdominal pain or 
cramps (range 0–3), temperature due to colitis (range 0 or 3), 
extraintestinal manifestations (range 0, 3, 6, or 9), and labo-

ratory findings (range 0, 1, 2, or 4). Total score ranges from 
0 to 29 points. It has been validated in one study in which 
remission was defined as a CAI score ≤4 points [42].

 Towards More Emphasis on Patients Reported 
Symptoms to Complement Endoscopic 
Assessment

In 2002, Levine et al. reported an instrument to measure dis-
ease activity in a randomized, double-blind controlled trial 
on balsalazide versus mesalamine treatment in active mild to 
moderate ulcerative colitis [18]. This instrument was based 
on individual symptom scores including rectal bleeding, 
patient functional assessment, stool frequency, abdominal 
pain, but also on sigmoidoscopic grade, and physician global 
assessment. The scores of each item were graded from 0 to 3 
points (0 = normal, 1 = mild, 2 = moderate, 3 = severe). 
Improvement was defined as a reduction from baseline of ≥1 
point in rectal bleeding and at least one of the other individ-
ual symptoms. This instrument has not been validated. More 
recently, it was showed that a score based on the six-point 

Table 23.1 Mayo Score (Mayo Clinic Score or Disease Activity Index—DAI)

Stool frequencya

0: Normal

1: Number of stools for this patient 1–2 stools more than normal

2: 3–4 stools more than normal

3: 5 or more stools more than normal

Rectal bleedingb

0: No blood seen

1: Streaks of blood with stool less than half the time

2: Obvious blood with stool most of the time

3: Blood alone passed

Findings of flexible proctosigmoidoscopy

0: Normal or inactive disease

1: Mild disease (erythema, decreased vascular pattern, mild friability)

2: Moderate disease (marked erythema, absent vascular pattern, friability, erosions)

3: Severe disease (spontaneous bleeding, ulceration)

Physician’s global assessmentc

0: Normal

1: Mild disease

2: Moderate disease

3: Severe disease
aEach patient served as his or her own control to establish the degree of abnormality of the stool frequency
bThe daily bleeding score represented the most severe bleeding of the day
cThe physician’s global assessment acknowledged the three other criteria, the patient’s daily record of abdominal discomfort and general sense of 
well-being (patient’s functional assessment [Patient’s functional assessment was not included in the 12-point index calculation but represented a 
general sense of well-being; it was also measured (score 0 = generally well, score 1 = fair, score 2 = poor, score 3 = terrible) and participated to evalu-
ation of physician’s general assessment]) and other observations such as physical findings and the patient’s performance status. Score of 0 meant 
there were no symptom of colitis, the patient felt well and the flexible proctosigmoidoscopy score was 0. A score of 1 indicated mild symptoms 
and proctoscopic findings that were mildly abnormal. A score of 2 reflected more serious abnormalities and proctosigmoidoscopic and symptom 
scores of 1 to 2. A score of 3 indicated that proctosigmoidoscopic and symptom scores were 2–3 and the patient probably required corticosteroid 

therapy and possibly hospitalization
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MayoEndoscopic assessment (stool frequency and rectal 
bleeding) and a general well-being question (from the 
SCCAI) correlated well with more complete activity indexes 
and was able to determine remission status [43].

 Clinical Scores in Crohn’s Disease

Assessment of Crohn’s disease (CD) activity and monitoring 
for treatment response require the establishment of reliable 
and reproducible tools. The development of instruments that 
would accurately reflect the activity of CD has been more 
complex than in ulcerative colitis (UC) due to the heteroge-
neity of the disease and the unreliable translation of intesti-
nal lesions into clinical symptoms. Hence, these complicated 
scores tend to be abandoned for a dual assessment of the 
disease based on objective markers (mainly endoscopy and 
cross sectional imaging associated with blood and stool bio-
markers) and patients reported symptoms.

 Crohn’s Disease Activity Index

In 1970, the National Cooperative Crohn’s Disease Study 
(NCCDC) was initiated to test the efficacy of prednisone, 
sulfasalazine, and azathioprine in clinical controlled trials. 
The Crohn’s Disease Activity Index (CDAI) was developed 
to investigate the efficacy of these drugs [44]. It was pub-
lished in 1976 and, has remained the most suitable instru-
ment to evaluate CD activity in clinical trials for more than 
30 years [45–50]. CDAI was initially developed from 112 
patients and then later reanalyzed on a larger group with the 
same conclusions. Eighteen variables were first tested and 
eight were finally retained for the regression equation, out of 
which seven variables are purely clinical and one is biologi-
cal (hematocrit). Moreover, four of them (liquid stools, well- 
being, use of loperamide, and abdominal pain) should be 
determined prospectively by keeping a 7-day patient diary; 
CDAI is therefore considered as a prospective index. In order 
to establish threshold cutoff value that indicates the disease 
activity, the global assessment of physicians was confronted 
to CDAI score. A value less than 150 was defined as remis-
sion and over 450 as a severe active disease. The clinical 
response to a treatment has generally been defined as a 
reduction of 70 or 100 points of the CDAI. The use of 100 
points in CDAI decrease instead of 70 has been promoted to 
have more stringent criteria to differentiate between active 
drugs and placebo in clinical trials. However, the superiority 
of these judgment criteria has not been fully demonstrated 
[51]. CDAI has a good interobserver reproducibility. This 
index has been used to assess the efficacy of mesalamine, 
azathioprine, corticosteroid, methotrexate, cyclosporine, and 
more recently the biological therapies [47–50]. It has also 

been demonstrated recently that a retrospectively assisted 
evaluation of the CDAI was as accurate as the traditional 
prospective evaluation [52]. Although CDAI has been con-
sidered for a long time as the gold standard for the evaluation 
of CD activity, it may not reflect all the aspects of the disease 
and has some limitations. For instance, CDAI is not suitable 
for pediatric patients whose disease presentation differs from 
that of adults. Therefore, a Pediatric Crohn’s Disease Activity 
Index (PCDAI) has been developed [53]. Moreover, CDAI 
does not take into account symptoms linked to predominant 
perianal CD and refers to unsuitable parameters in case of 
previous surgery or stoma, like the use of loperamide or stool 
frequency, which can be affected by biliary salt malabsorp-
tion or short bowel syndrome. Therefore, CDAI is not appli-
cable for the assessment of perianal or operated CD. A 
prospective cohort study has also showed the inability of 
CDAI to differentiate between active CD and irritable bowel 
syndrome, both diseases giving rise to similar levels of CDAI 
increase [54]. Studies comparing CDAI and serum or stool 
biomarkers, mainly CRP and fecal calprotectin, have demon-
strated only weak correlations [3, 55]. Poor correlation 
between CDAI and endoscopic examination has also been 
demonstrated [3, 56, 57]. For these different reasons, FDA 
decided in 2014, no longer to recommend CDAI as a primary 
judgement criteria for the assessment of the efficacy of new 
drugs in CD and to prefer a composite evaluation including 
endoscopic assessment and patients reported symptoms [8].

 Harvey–Bradshaw Index

Because the CDAI has been reported to be difficult to use in 
daily clinical practice, other scores have been developed. 
The more practical one is the Harvey–Bradshaw Index 
(HBI), also known as the Simple Index or the Modified 
CDAI (Table 23.2) [28]. The HBI is based on subjective and 
clinical factors. It reduced the original eight items of the 
CDAI to five, removing the use of antidiarrheal drugs, the 
hematocrit and the body weight. It looks only at symptoms 
over the preceding 24 h which makes the measurement of 
severity easy and quick at an outpatient visit. However, it 
could be less reliable and its value could significantly change 
from one day to another. The original prospective study of 
112 patients demonstrated a good correlation (r = 0.93) 
between HBI and CDAI. More recently, one study compared 
the CDAI and HBI in the assessment of CD activity in two 
large clinical trials, PRECISE 1 and PRECISE 2 and 
 confirmed a good correlation between the two scores [58]. 
This suggests that HBI might permit simpler CD activity 
assessment, particularly for routine practice. To this end, a 
study showed that a patient-based HBI index correlated well 
with the physician-based HBI and that the discordances 
rarely translated into a change in the remission vs active dis-
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ease status of the patient [59]. This would allow the patient 
to monitor disease activity more regularly and communicate 
more proactively with the physician.

 Van Hees Index

In order to overcome the disadvantages and the potential 
subjectivity of the CDAI, Van Hees et al. elaborated in 1980 
an activity index, the Van Hees Index (VHI), based on 
entirely objective variables of which albumin serum level 
contributed the most [60]. A score of less than 100 is consid-
ered as clinical remission and over 210 as a severe disease. 
Its correlation with the CDAI is poor, which is due to an 
absence of consideration of clinical symptoms. This score 
calculation is more complex and has not supplanted the 
CDAI in clinical practice.

 Focus on Patients Reported Outcomes

While the insufficient correlation between CDAI and tissue 
healing has been confirmed [61, 62], standardized symptoms- 
based assessment is still meaningful to describe the disease 
state and is particularly relevant and important for the 
patients. As a matter of fact, simple clinical disease activity 
still very significantly correlates with self-reported disability 
index [63]. However, as highlighted here above, there was a 
perceived necessity for simpler scores or indexes, mainly 
reflecting patients’ perceptions. Khanna et al. showed that a 
simple symptoms assessment by the patient correlated well 

with CDAI [64]. The investigators could build two patient- 
reported outcome scales based on two or three symptoms 
(abdominal pain, liquid stools frequency, well-being) and, 
using database from previous clinical trials, determined cut-
off values for remission and response to therapy. This kind of 
simple symptoms assessment could even be transferred to a 
web-platform to facilitate patient–physician communication. 
This was tested in a Korean study where the five items of the 
HBI were recorded online by the patients before the consul-
tation [65]. A very good correlation was found with 
CDAI. Another study tried to further simplify the patient- 
based assessment using a simple numeric rating scale [66]. 
This showed an encouraging correlation with both CDAI and 
the health related quality of life score IBDQ.

 Conclusions

In IBD, disease activity can be measured in different ways. 
For a long time it has been mainly based on the assessment 
of the clinical activity of the disease, mainly based on symp-
toms collected by the physician at the consultation or by the 
patient and the physician through diaries. This clinical 
assessment of the disease is considered as too subjective and 
correlating poorly with objective markers of disease activity, 
including biomarkers and endoscopic or medical imaging 
assessment. This is particularly the case in CD, while in UC 
the symptoms still reflect reasonably well the endoscopic 
activity of the disease. That is why complex clinical activity 
scores like the CDAI are progressively abandoned in clinical 
trials and are replaced by a combination of endoscopic or 

Table 23.2 Harvey–Bradshaw index

Patient’s general well-being (for the previous day)

0 = well

1 = slightly below par

2 = poor

3 = very poor

4 = terrible

Abdominal pain (for the previous day)

0 = none

1 = mild

2 = moderate

3 = severe

Number of liquid stools per day (for the previous day; score 1 per movement)

Abdominal mass

0 = none

1 = dubious

2 = definite

3 = definite and tender

Complications (score 1 per item)

Arthralgia, uveitis, erythema nodosum, aphthous ulcers, pyoderma gangrenosum, anal fissure, new fistula, abscess

Harvey–Bradshaw index score: remission <5; mild disease 5–7; moderate disease 8–16, severe disease > 16

E. Louis et al.
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cross-sectional imaging assessment with symptoms-based 
patient reported outcomes.

Nevertheless, for routine practice, the increase in the 
number of drugs available to treat these illnesses and the 
increasing complexity of therapeutic strategies and algo-
rithms require some quantitative clinical activity assessment 
to allow optimal patients management. To this end, simple 
and reproducible scoring systems, even potentially recorded 
by the patient him/herself like the HBI for CD or the clinical 
part of the Mayo for UC, seem well adapted.
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 Introduction

Historically the goal of therapy when treating patients with 
inflammatory bowel disease (IBD) has been to achieve and 
maintain symptomatic remission. This has been accomplished 
using a step-up approach, in which therapies were commenced 
and their efficacy evaluated based on symptom- based metrics, 
followed by adjustments of therapy occurring until the patient 
achieved clinical remission. Clinical remission usually was 
defined as normal stool frequency, no abdominal pain and no 
rectal bleeding. By achieving this goal short-term respite was 
provided to patients with the hope of improving their quality 
of life and avoiding disease- related complications such as hos-
pitalizations and surgeries. However, recently it has been 
demonstrated that despite frequently achieving symptomatic 
remission in our patients and despite access to many new ther-
apies over the years, the course of IBD has not been success-
fully or substantially modified in the modern era [1, 2].

It is now known that relying on a patient’s clinical symp-
toms to assess the inflammatory response to treatment is 
unreliable. Up to 40 % of patients in clinical remission will 
have endoscopic disease activity [3–8] and patients who feel 
unwell often have no endoscopic findings of disease activity 
[5]. In addition, although a patient may present in symptom-
atic (clinical) remission, many patients do not have stable 
disease control, with over 37 % of patients having frequent 
intermittent symptom over time [9] and only 10 % of patients 
experiencing prolonged clinical remission [9, 10] making a 

single time point assessment of clinical response unreliable. 
Therefore, this puts a significant proportion of patients at 
risk of either disease progression due to inadequate treat-
ment, or at risk of overtreatment with unnecessary medica-
tions if one only relies on symptoms to choose treatments.

The recognition of these facts has led to a paradigmatic 
change in the therapeutic approach of IBD. Frequent evalua-
tion of objective markers of disease activity are increasingly 
being incorporated into treatment algorithms to allow for 
timely changes of therapy. Thus, achievement of mucosal 
healing has emerged as a major treatment goal in IBD. 
Although mucosal healing does not have a standardized or 
validated definition in IBD, it is most often defined as the 
absence of friability, blood, erosions, and ulcers in all visual 
segments of the gut in UC [11] and the absence of ulceration 
in CD [12]. Therefore assessment of mucosal healing contin-
ues to require endoscopic assessment.

This chapter discusses the importance and prognostic role 
of endoscopic assessment of disease activity and mucosal 
healing in IBD, summarizes the major endoscopic indices of 
activity in CD and UC including their strengths, limitations, 
and application to both clinical trials and clinical practice, 
and finally, highlights the integration of endoscopic disease 
activity utilizing a “treat-to-target” algorithm that incorpo-
rates endoscopic mucosal healing as a target.

 Prognostic Role of Endoscopic Disease 
Activity and Mucosal Healing in IBD

Historically, clinical evaluation and treating to clinical remis-
sion was the objective of treatment in IBD. However it was 
found that despite advances in medical therapies that 
improved symptoms, patients still required hospitalization 
and surgery and the natural history of the disease was 
unchanged [1, 2]. Therefore increasingly there has been a 
move to objective assessment of disease activity, and endo-
scopic assessment has been the gold standard. Endoscopy 
can be used both at diagnosis to prognosticate the disease 
course and to determine response to therapy.
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Endoscopic severity has been shown to predict the future 
clinical aggressiveness of IBD, specifically non-response to 
medical therapy and need for surgery. In UC severe lesions 
increase the odds ratio of colectomy by 41 compared to those 
without severe lesions [13] and severe endoscopic lesions 
predict non-response to therapy, with only 34 % of patients 
with severe endoscopic lesions responding to medical ther-
apy, compared to 91 % of those who have less severe endo-
scopic disease (OR > 20) [14]. Therefore, an endoscopic 
assessment is indicated in a newly symptomatic patient or in 
severe flares of disease to guide appropriate medical or surgi-
cal intervention required. In CD, severe endoscopic ulcer-
ations are associated with a 31 % risk of colectomy, compared 
to a 6 % risk in those without severe endoscopic lesions [15]. 
In addition, endoscopic assessment within 12 months of ileo-
colonic resection in Crohn’s disease can be used to predict 
the postoperative clinical disease course [16].

Once a patient has had a baseline colonoscopy to prog-
nosticate their disease course and commence an appropriate 
therapeutic regimen, there is increasing evidence that assess-
ing for mucosal healing provides further prognostic informa-
tion regarding future disease course. This is because once a 
patient is on treatment, achievement of mucosal healing in 
both UC and CD has been found to be independently associ-
ated with improved outcomes including prolonged remis-
sion, fewer hospitalizations, reduced surgical procedures, 
fewer fistulas, less immunosuppression therapy, a lower risk 
of colorectal cancer, and improved quality of life (Table 24.1) 
[3, 5, 9, 13, 17–32].

It is now known that whilst treating to clinical symptoms 
in IBD is important to aid a patient’s immediate quality of 
life, adjustments to therapy frequently are delayed and long- 
term disability is not prevented [33]. Although no prospec-
tive study has demonstrated that treating to achieve mucosal 
healing rather than clinical symptoms alone changes out-
comes, preliminary retrospective studies have demonstrated 
that repeated endoscopic assessment of disease activity with 
adjustment of medical therapy to the target of mucosal heal-
ing is feasible in clinical practice and is of benefit [34, 35]. In 
addition one can extrapolate the experience from other 
chronic diseases, where reaching an objective target does 
improve long-term outcomes. This is the case for lowered 

blood pressure in hypertension [36], lowered glycosylated 
hemoglobin in diabetes [37–39], and most relevant, reduced 
joint inflammation in rheumatoid arthritis [40–42]. If we 
take this experience and apply it to IBD, strict disease con-
trol with an assessment of the mucosa and an aim to achieve 
mucosal healing should lead to improved outcomes.

 Endoscopic Assessment of Disease Activity 
in Ulcerative Colitis

Ulcerative colitis involves inflammation of only the large 
intestine, starting in the rectum and extending proximally, 
with clear demarcation of normal and abnormal mucosa. At 
endoscopy, the mucosa is edematous, granular and has a 
change in vascular pattern [43]. In more severe disease easy 
friability and bleeding, ulceration, and pseudopolyps can 
occur [43]. Despite the fact that it has been more than 50 
years since the first report on endoscopic lesions and muco-
sal healing by Truelove and Witts [44], it is not until recently 
that attempts have been made to validate any of the many 
subsequent systems (Table 24.2). As there are many scoring 
systems available, this chapter focuses specifically on the 
most common endoscopic scoring system used in clinical tri-
als, the Mayo Clinic endoscopy sub-score, and the newer 
scoring systems currently undergoing validation, the ulcer-
ative colitis endoscopic index of severity (UCEIS) and the 
ulcerative colitis colonoscopic index of severity (UCCIS).

Currently the most widely used endoscopic scoring sys-
tem to quantify mucosal disease activity in UC in clinical 
trials is the Mayo Clinic endoscopy sub-score (Fig. 24.1) 
[54]. This score assesses vascular pattern, erythema, friabil-
ity, bleeding, erosions, and ulceration. It is a four-point scale 
ranging from 0 to 3, with 0 being inactive disease and 3 being 
severe disease. It is a simple score that is easy to calculate. In 
most trials, mucosal healing is defined as a Mayo score of 
either 0 or 1 [11]. Evidence for the appropriateness of this 
definition was found in a post hoc analysis of the Active 
Ulcerative Colitis Trials (ACT)-1 that demonstrated that 
patients with an 8-week post-treatment Mayo score of 0 or 1 
had a lower risk of undergoing colectomy and had better 
clinical outcomes at 1 year compared to those with higher 

Table 24.1 Benefits of mucosal healing and unresolved challenges to the incorporation of routine endoscopic assessment of mucosal healing into 
clinical practice

Benefits of mucosal healing Unresolved issues of mucosal healing

Decreased clinical relapse How much mucosal healing is required to impact outcomes?

Decreased hospitalizations Can mucosal healing be achieved in most patients?

Decreased rate of surgery What is the incremental benefit achieved from dose escalation or switching therapies?

Increased quality of life What is the time interval between changes in therapy and subsequent endoscopic reassessment?

Less incidence of neoplasia Can de-escalation occur after deep remission is sustained for some time?

Decreased incidence of fistula’s Will patients agree to therapy changes based only on endoscopic findings even if they are in 
clinical remission?
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Table 24.2 Endoscopic disease activity scoring systems in ulcerative colitis

Endoscopic scores Variables Score range

Definition of 
remission and 
response Strengths Weaknesses

Truelove and Witts 
sigmoidoscopic 
assessment [44]

Hyperemia, granularity 
and change in overall 
appearance of the 
mucosa

No description Not defined Possibility to 
stratify patients by 
their disease 
severity

Not validated
High inter- observer 
variability
No definition of 
mucosal healing

Baron score [45] Severity of mucosal 
bleeding and friability

0–3 Remission: 0–1 
(NV)
Response: Not 
defined

Easy to use
Good inter- observer 
correlation

Not validated
No assessment of ulcers
No definition of 
mucosal healing

Modified Baron score 
[46]

Friability, vascular 
pattern, granularity, 
bleeding and ulceration

0–4 Remission: 0–1 
(NV)
Response: Not 
defined

Easy to use
Good inter- observer 
correlation

Not validated
No definition of 
mucosal healing

Powell-Tuck 
sigmoidoscopic 
assessment [47, 48]

Severity of mucosal 
bleeding and friability

0–2 Not defined Easy to use Not validated
No definition of 
mucosal healing
Ulceration not included

Rachmilewitz 
endoscopic index 
[48]

Granulation, vascular 
pattern, vulnerability of 
mucosa, mucosal 
damage

Four items rated 0–3. 
Total of 0–12 points

Remission: 0–4 
(NV)
Response: Not 
defined

Not validated
Complex and subjective 
descriptive terms

Sigmoidoscopic 
index [49]

Erythema, friability, 
ulceration, mucous, 
vascular pattern

Five items rated 0–3. 
Total 0–16 points

Remission: 0–4 
(NV)
Response: Not 
defined

Not validated
Complex

Sigmoidoscopic 
inflammation grade 
score [50]

Edema, vascular pattern 
Granularity, friability, 
bleeding, ulcers

0–4 Not defined Not validated
No definition of 
mucosal healing

Sutherland mucosal 
appearance 
assessment [51]

Friability, exudation, 
bleeding

0–3 Not defined Not validated
Subjective
No definition of 
mucosal healing
Easy to use

Endoscopic activity 
index [52]

Ulcers (size and depth), 
erythema, bleeding, 
mucosal edema, 
mucosal exudate

0–3 Not defined Complex
Not validated
No definition of 
mucosal healing
Closely correlated with 
clinical activity

Matts Index [53] Granularity, bleeding, 
edema,
ulceration

1–4 Not defined Not validated
No definition of 
mucosal healing
Easy to use
Good inter- and 
intra-observer 
agreement

Mayo endoscopic 
sub-score [54]

Erythema, vascular 
pattern, friability, 
bleeding, erosions, 
ulcerations

0–3 Remission: 0 or 
0–1 (PV)
Response: Not 
defined

Not validated
Extensive use in clinical 
trials and RCT’s

Ulcerative colitis 
colonoscopy index of 
severity (UCCIS) 
[55, 56]

Vascular pattern, 
granularity, ulceration, 
bleeding/friability

Four items rated 0–2 
for vascular pattern, 
granularity, bleeding/
friability and 0–4 for 
ulcerations. To total 
0–10 points

Not defined Preliminary 
validation
Based on rigorous 
methodology
Provides pan- 
colonic assessment

Includes subjective 
parameters and complex 
scale
No definition of 
mucosal healing
Requires post-procedure 
time to be scored

(continued)
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scores [3]. Of note, however, is that patients achieving a 
Mayo score of 0 also had higher rates of symptomatic remis-
sion, corticosteroid-free remission and subsequent mucosal 
healing at weeks 30 and 54 compared to those with a score of 
1 but did not have lower rates of colectomy [3]. Despite its 
ease of use and frequent uptake in clinical trials, the Mayo 
endoscopic sub-score is hampered by a lack of validation 
and a high inter-observer discrepancy, particularly in regard 
to the inclusion of friability in the score of 1, which has been 
found to be so subjective as to lead to inconsistent results 

[58]. To overcome this, some studies have adapted the index 

and made the presence of friability an automatic Mayo 
sub- score of 2 [59–61].

Until recently, no endoscopic score to assess disease 
activity in UC was prospectively or completely validated. 
To overcome these limitations the ulcerative colitis endo-
scopic index of severity (UCEIS) [57, 62] and the ulcerative 
colitis colonoscopic index of severity (UCCIS) [55, 56] 
have recently been developed as the first prospectively vali-
dated scoring systems for UC. The UCEIS was a collabora-
tive effort between 40 IBD specialists from 13 counties and 
evaluates three variables that were determined to be the 
most discriminating; vascular pattern, bleeding and erosions 
and ulcers (Table 24.3) [62]. The worst segment of the colon 
is given a score of 0–2 or 0–3 for each variable to give a 
total score of 0–8 and the scoring system has demonstrated 
excellent intra and inter-observer agreement [57, 58]. 
Limiting its use currently is the fact that cutoff scores to 
define disease severity or mucosal healing have not yet been 
determined and the sensitivity of the scoring system to 
change in disease activity and mucosal improvement 
remains unknown. However, validation of thresholds for 
defining mucosal healing and response are anticipated in the 
near future. With this in mind, this scoring system is likely 
to be increasingly adopted in clinical trials and applied to 
clinical practice.

Unlike the previously mentioned scores, which assess 
only the recto-sigmoid area of the colon, the UCCIS grades 
mucosal changes throughout the entire colon, which may 
provide further important prognostic data. The score exam-
ines vascular pattern, granularity, ulceration, bleeding/fria-
bility, and severity of damage in each colon segment and 
overall using a four-point scale and a 10-cm visual analogue 
scale [55]. As with the UCEIS, the UCCIS has excellent 
inter-observer agreement apart from the included variable of 

friability and has been found to have moderate correlation 

Table 24.2 (continued)

Endoscopic scores Variables Score range

Definition of 
remission and 
response Strengths Weaknesses

Ulcerative colitis 
endoscopic index of 
severity (UCEIS) 
[57]

Vascular pattern, 
bleeding, erosions/
ulceration

Three items rated 0–3 
for vascular pattern 
and 0–4 for bleeding 
and ulceration.
Total of 0–11 points

Not defined Preliminary 
validation
Easy to use
Based on rigorous 
methodology
Accounts for 94 % 
of variance between 
endoscopists for the 
overall assessment 
of severity
Independent of 
clinical symptoms

Limited to rectosigmoid
Low agreement for 
normal appearing 
mucosa
Sensitivity to change 
and mucosal healing 
remain undefined

NV not validated
PV partially validated
This table was adapted from Current Gastroenterology Reports. Christensen B et al. Understanding Endoscopic Disease Activity in IBD: How to 
Incorporate It into Practice. 2016; 8:5; with permission from Springer 

Fig. 24.1 Mayo endoscopic sub-score [54]. This figure was adapted 
from Current Gastroenterology Reports. Christensen B et al. Under-
standing Endoscopic Disease Activity in IBD: How to Incorporate It 
into Practice. 2016; 8:5; with permission
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Table 24.3 The ulcerative colitis endoscopic index of severity (UCEIS)

Descriptor Score Definition

Vascular pattern Normal (0) Normal vascular pattern with arborization of capillaries clearly defined, or 
with blurring or patchy loss of capillary margins

Patchy obliteration (1) Patchy obliteration of vascular pattern

Obliterated (2) Complete obliteration of vascular pattern

Bleeding None (0) No visible blood

Mucosal (1) Some spots or streaks of coagulated blood on the surface of the mucusa 
ahead of the scope, which can be washed away

Luminal mild (2) Some free liquid blood in the lumen

Luminal moderate or severe (3) Frank blood in the lumen ahead of endoscope or visible oozing from mucosa 
after washing intraluminal blood, or visible oozing from a hemorrhagic 
mucosa

Erosions and ulcers None (0) Normal mucosa no visible erosions or ulcers

Erosions (1) Tiny defects in the mucosa, of a white or yellow color with a flat edge

Superficial ulcer (2) Larger (>5 mm) defects in the mucosa which are discrete fibrin-covered 
ulcers when compared with erosion, but remain superficial

Deep ulcer (3) Deeper excavated defects in the mucosa with a slightly raised edge

The three descriptors are scored for the worst affected area of the colon to give a score of 0–8
[This table was adapted from Travis S et al. Reliability and initial validation of the Ulcerative Colitis Endscopic Index of Severity. 
Gastroenterology. 2013; 145:987–95; with permission.] 
Copyright Warner Chilcott Pharmaceuticals, although the index is freely available for use by investigators

with laboratory markers of disease activity including CRP 
and albumin and patient-defined remission [55, 56]. 
However, as with the UCEIS, there is no validation or defini-
tion of response or remission and its future use may be lim-
ited due to the need for full colonoscopy limiting its practical 
application [59].

 Endoscopic Disease Activity Assessment 
in Crohn’s Disease

Crohn’s disease can affect any part of the gastrointestinal 
tract from the mouth through to the anorectum and inflam-
mation occurs in a patchy pattern. On endoscopy, findings in 
CD typically consist of segmental erythema, strictures and 
apthoid ulceration that can progress to stellate, longitudinal, 
tortuous, or serpiginous ulcers and a cobblestone appearance 
[43]. The terminal ileum can be involved and anal or peri-
anal disease is suggestive of CD over UC. There are two 
validated endoscopic indices for evaluating CD disease 
activity and a further index that is routinely used to assess 
postoperative recurrence in CD (Table 24.4).

The Crohn’s disease endoscopic index of severity (CDEIS) 
[12] and the simple endoscopic score for Crohn’s disease 
(SES-CD) [63] have been prospectively validated and been 
shown to be reproducible, have good inter-observer agree-
ment, have good correlation with the Crohn’s disease activity 
index (CDAI) and are sensitive to changes in endoscopic 
mucosal appearance and healing [26, 64–66]. The CDEIS 
was the first endoscopic scoring system developed for CD 
(Table 24.5) and is the most commonly used endoscopic tool 
to assess disease activity in clinical trials. The score ranges 

from 0–44 and examines superficial ulcers, deep ulcers, 
ulcerated stenosis, and non-ulcerated stenosis in addition to 
the percentage of ulcerated and affected colonic surface in all 
five bowel segments (terminal ileum, right colon, transverse 
colon and rectum). Despite the CDEIS score being reliable 
and reproducible, its use is limited due to the fact that it is a 
complex scoring system that is time- consuming and not prac-
tical for routine clinical use [58]. To overcome these short-
comings, a simplified index, the simple endoscopic score for 
CD (SES-CD) was developed and consists of measuring 
ulcer size, ulcerated and affected surfaces and stenosis in 
each of the five intestinal segments to give a total score range 
of 0–56 (Table 24.6). The SES-CD correlates highly with the 
CDEIS and is a faster and more practical tool [63].

As with the UC endoscopic scoring systems, the CDEIS 
and the SES-CD do not have validated thresholds for muco-
sal disease severity, remission or response. In trials utilizing 
the CDEIS, a score < 6 [67] has been used to define partial 
endoscopic healing or endoscopic remission and <3 [67], 4 
[68], ≤4 [69] or 0 [70] to define complete mucosal healing. 
In trials utilizing the SES-CD a score of <3 [69, 71, 72, 73] 
or equal to 0 [24, 70, 74–76] has previously been used to 
define endoscopic remission or minimal endoscopic activity 
although a study by Moskovitz et al. [77] validated the cut-
off values as 0–2 for endoscopic remission, 3–6 for mild 
endoscopic disease, 7–15 for moderate endoscopic disease 
activity and ≥16 for severe endoscopic disease activity. In 
regard to defining endoscopic response to treatment, 
Ferrante et al. [78] demonstrated that a decrease from base-
line of both the CDEIS and the SES-CD score of at least 
50 % was most predictive of corticosteroid free remission 
by week 50.

24 Objective Assessment of Endoscopic Disease Activity and Mucosal Healing
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Table 24.5 The Crohn’s disease endoscopic index of severity (CDEIS)

Endoscopic variable Score (range 0–44)

Deep ulcerations 0 if absent or 12 if present

Superficial ulcerations 0 if absent or 6 if present

Length of ulcerated mucosa (0–10 cm) 0–10 according to length in cm

Length of diseased mucosa (0–10 cm) 0–10 according to length in cm

Four variables are scored for each of the following locations: rectum; sigmoid and left colon; transverse colon; right colon; and ileum. Total score 
is divided by the number of locations explored (1–5). An additional three points are given if ulcerated stenosis is present and a further three points 
are given if non-ulcerated stenosis is present
[This table was adapted from Mary JY et al. Development and validation of an endoscopic index of severity for Crohn’s disease: a prospective multi-
center study. Groupe d’Etude Therapeutique des Affections Inflammatoires du Tube Digestif (GETAID). Gut 1989;30:983–9; with permission]

Table 24.6 The simple endoscopic score for Crohn’s disease (SES-CD)

Variable Score 0 Score 1 Score 2 Score 3

Size of ulcers (cm) None Apthous ulcers  
(diameter 0.1–0.5 cm)

Large ulcers (diameter 
0.5–2 cm)

Very large ulcers 
(diameter > 2 cm)

Ulcerated surface (%) None <10 10–30 >30

Affected surface (%) Unaffected segment <50 50–75 >75

Presence of narrowing None Single, can be passed Multiple, can be passed Cannot be passed

The SES-CD: sum of the values of the four variables for the five bowel segments. Values are given to each variable and for every examined bowel 
segment (rectum, left colon, transverse colon, right colon and ileum)
[This table was adapted from Daperno M et al. Development and validation of a new, simplified endoscopic activity score for Crohn’s disease: the 
SES-CD. Gastrointest Endosc 2004;60:505–12; with permission from Elsevier]

Table 24.4 Crohn’s disease endoscopic disease activity scoring systems

Score Variables Score range
Definition response/
Remission Strengths Weakness

Crohn’s disease 
endoscopic index of 
severity (CDEIS) 
[12]

Deep ulceration, 
superficial ulceration, 
inflammation

0–44 Complete remission: 0, 
<3, <4 or <6
Response: Decrease from 
baseline of 50–75 % or 
decrease from baseline of 
3–5 points

Validated
Reproducible
Extensive use in clinical 
trials

Complex
Many variables
Requires training and 
experience
No validated 
definition of mucosal 
healing or response

Simple endoscopic 
score for Crohn’s 
disease (SES-CD) 
[63]

Ulcers, inflammation, 
stenosis

0–60 Remission: 0 or <3 points.
Response: Decrease from 
baseline of 50 % or 
decrease from baseline of 
≥5 points

Validated
Score correlates well with 
CDEIS
Reproducible

Complex
Not practical for 
clinical setting
Validated against 
CDEIS in only one 
study
No validated 
definition of mucosal 
healing or response

Rutgeerts score [16] Apthoid lesions, 
ulcers, inflammation, 
nodules and stenosis

i0–i4 Score of i0–i1 low risk of 
clinical recurrence
Score of i2 = intermediate 
risk of clinical recurrence
Score of i3 = high risk of 
clinical recurrence

Gold Standard for 
assessment of postoperative 
recurrence
Extensive use in clinical 
trials
Validated cutoff values for 
clinical recurrence

No formal validation
Only useful for ileal 
or ileal- colonic 
surgery
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Many CD patients undergo surgical resection and endo-
scopic disease recurrence may be as high as 90 % by 1 year 
[16]. To assess and score this recurrence in the neo-terminal 
ileum after ileal or ileocolonic resection in CD the so-called 
“Rutgeert’s score” is commonly used (Fig. 24.2) [16, 79]. 
The score ranges from i0–i4 (where “i” stands for “ileum”) 
and is a quick and easy score to calculate but has not been 
fully validated. A score of i0 or i1 is commonly classified as 
endoscopic postoperative remission due to the finding that 
grade i0 or i1 recurrence is associated with a low risk of clin-
ical recurrence (20 % at 3 years follow-up) compared to 
those who have a score of i3 or i4 (92 % at 3 years follow-up) 
[16]. Those with a Rutgeert’s score of i2 have an intermedi-
ate risk of symptomatic recurrence.

 Central Reading of Endoscopic Scoring

The currently available endoscopic disease activity scoring 
systems are subject to error and bias. To address this, in 
2009, a study of delayed-release mesalamine in moderately 
active UC (as determined using the Mayo scoring system) 
[80] utilized a central endoscopy reader to determine 
 endoscopic severity and response to therapy with many fur-
ther studies now following suit. The advantages of a central 
reader of endoscopy are clearly evident with Feagan et al. 
[61] demonstrating on a post hoc analysis of a placebo con-
trolled trial of delayed release mesalamine for the treatment 
of mild to moderate UC that 31 % of participants who had 

met the inclusion criteria of a Ulcerative Colitis Disease 
Activity Index (UCDAI) sigmoidoscopy score of ≥2 per a 
site-investigator were considered ineligible when the images 
were reviewed by a central-reader of endoscopy. In addition, 
by comparing the results including all patients originally 
entered into the trial by the site investigators and just those 
that met the inclusion criteria per the central reader, the 
authors demonstrated a greater treatment effect in the mesa-
lamine group and reduced placebo rates when analyzing 
patients only included by the central reader. In part because 
of this proof-of-concept analysis, central reading of endos-
copy is playing an increasing role in the trial setting and 
may eventually gain regulatory support in both Europe and 
the US as a measure for endpoint assessment as well as 
assessing baseline disease severity as a means to decrease 
placebo response rates and increase the reliability of trial 
end-points [81].

 Surrogate Markers of Endoscopic Healing

Currently, endoscopic evaluation of the mucosa is the gold 
standard to determine endoscopic disease activity and muco-
sal healing. However endoscopy is an invasive test, is not 
popular with patients and entails a risk to the patient. 
Therefore several surrogate markers are emerging that may 
be useful in assessing for smoldering endoscopic inflamma-
tion in the setting of minimal clinical symptoms, most of 
which have been discussed in more detail in other chapters. 

Fig. 24.2 Rutgeerts’ score for 
postoperative endoscopic 
recurrence [16]. This figure was 
adapted from Current 
Gastroenterology Reports. 
Christensen B et al. Understanding 
Endoscopic Disease Activity in 
IBD: How to Incorporate It into 
Practice. 2016; 8:5; with 
permission
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Baseline assessment of disease activity by
endoscopy paired with surrogate marker

Reassessment of disease
activity directly or with
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Clinical
follow-up
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with your recommendations?

If no other treatment
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Clinical follow-up that includes
assessment of disease stability

“monitoring”

Assessment of
therapy

optimization
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Yes
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“Disease Monitoring”
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Target Achieved?
(mucosal healing, etc)

3-6
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6-12
months

3-6 months

Choice of initial therapy based
on severity and prognosis of

patient

Fig. 24.3 Proposed “Treat to target” algorithm in IBD

Surrogate markers that may have some use in monitoring 
mucosal activity include the laboratory markers C-reactive 
protein and albumin, imaging studies including small bowel 
ultrasound and MRI and the most promising, fecal biomark-
ers including calprotectin and lactoferrin. All these modali-
ties have their strengths and weaknesses to help in the 
assessment of mucosal healing however thus far none of 
these markers have been able to completely replace endo-
scopic assessment of disease activity in regard to predicting 
clinical course and response to therapy with complete cer-
tainty. Therefore, until further evidence is available, these 
tools should only be used in conjunction with endoscopic 
assessment of disease activity.

 Incorporation of Endoscopic Assessment 
of Disease Activity and a “Treat to Target” 
Algorithm into Clinical Practice

To conclude the chapter, we propose an endoscopic assess-
ment and “treat to target” algorithm incorporating endoscopic 
mucosal healing as an outcome acknowledging the fact that 
evidence for this approach in IBD is currently limited 
(Fig. 24.3). There are still many unresolved challenges in 
regard to incorporating mucosal healing into the treatment 
algorithm (Table 24.1); however, recently a group of IBD 

experts published a consensus summary of which targets 
should be used in UC and CD. They concluded that the endo-
scopic therapeutic target when treating patients with UC 
should be a Mayo endoscopic sub-score of 0–1 and in CD it 
should be resolution of all ulceration at ileocolonoscopy [82].

The incorporation of a “treat to target” approach to patient 
care first requires baseline disease assessment by endoscopy 
to assess disease activity and prognosticate the disease 
course. Initial therapy should be based on this prognosis and 
the severity of the findings with the aim to achieve early dis-
ease remission and limit bowel damage. Pairing this baseline 
assessment with a surrogate marker (C-reactive protein or 
fecal markers) may enable future assessments with the same 
marker. To quantify response to therapy, this should be fol-
lowed by an endoscopy or use of surrogates between 3 to 6 
months following treatment initiation depending on the type 
and speed of action of the treatment commenced (earlier if 
the faster acting anti-TNF therapies are utilized and later if 
the slower acting antimetabolite medications are used). If, on 
reassessment, the patient is symptomatic and has endoscopic 
inflammation, then escalation of medical therapies should 
occur. If, however, the patient is found to have mucosal 
activity and is in clinical remission, then the goals of treat-
ment that occur when mucosal healing is achieved including 
prolonged remission and decreased disability and the risks 
of treatment escalation including possible higher rates of 
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malignancy and infection should be discussed. If the patient 
is agreeable, medication intensification should occur and fol-
lowing this up-titration reassessment should occur every 3–6 
months with medical therapies further optimized until the 
mucosal healing target is reached. Once mucosal healing is 
achieved then frequent clinical and objective monitoring 
with surrogate markers of mucosal healing should occur to 
assess for disease drift or early relapse every 6–12 months 
and endoscopic evaluation of the mucosa should be consid-
ered every 1–2 years [83]. Finally it is important to have an 
“exit strategy” if treatment escalation is unsuccessful and to 
maintain clear and open communication with the patient to 
maximize patient safety and satisfaction and increase the 
likelihood that the patient will adhere to the agreed on treat-
ment strategy [70].

 Conclusion

Endoscopic assessment in IBD is used as a diagnostic tool, to 
aid in the initial evaluation of disease severity and to prognos-
ticate the disease course and for ongoing assessment of muco-
sal response and healing once treatment has been initiated. 
Repeat endoscopic assessment of disease activity with a tar-
get to achieve mucosal healing following treatment is increas-
ingly being incorporated into both trial and clinical settings 
due to the fact that patients who achieve mucosal healing 
have longer periods of clinical remission, reduced hospital-
izations and surgery and are less likely to develop colorectal 
neoplasia. With modern therapies, mucosal healing is obtain-
able and as physicians we should increasingly embrace a 
“treat to target” strategy to decrease the risk of future disabil-
ity in our patients. Currently restricting this is a lack of con-
sensus on the definition of mucosal healing in IBD and the 
lack of a single accepted and validated endoscopic scoring 
system for either CD or UC. Studies are currently underway 
to overcome these limitations. It is our hope that treating to 
achieve mucosal healing will help prevent permanent bowel 
damage in our patients and that utilizing this strategy that we 
will change the natural history of this disease.
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 History

While good Quality of Life (QoL) has long been a policy 
goal in the treatment of inflammatory bowel disease (IBD), 
adequate definition and measurement of it have remained 
elusive. The term “quality of life” is used to describe the 
general well-being of individuals in the field of healthcare. 
QoL should not be confused with “standard of living,” a term 
defined primarily by income. Instead, standard indicators of 
QoL include not only wealth and employment, but also the 
built environment, physical and mental health, education, 
recreation and leisure time, and social belonging. Health- 
related quality of life (HRQoL) is a subjective measure of a 
person’s physical and psychological well-being and repre-
sents a patient’s assessment of how a particular disease or 
intervention has affected their life.

Crohn’s disease (CD) and ulcerative colitis (UC) affect 
patients not only physically but also through limitations on 
social, educational, professional, and emotional activities 
due to their chronicity, unpredictable disease course, young 
age of onset, and their medical and surgical therapies [1]. 
Both adult and pediatric patients with IBD experience an 
impaired perception of HRQoL compared with a healthy 
age- and sex-matched background population [2–11], with 

disease course and disease activity [12–15], the perceived 
quality of care delivered, the individual’s psychological sta-
tus and social support [16, 17] emerging as important factors 
affecting HRQoL [18] (Fig. 25.1).

While most studies of HRQoL in the literature assess 
adult patients with IBD, several validated and reliable 
HRQoL questionnaires have been developed for pediatric 
IBD (P-IBD) patients in recent decades [19–21]. Measuring 
HRQoL in pediatric patients is challenging when compared 
to adult patients, as both the age-specific natural develop-
ment and “life-concerns”—which differ significantly during 
childhood and adolescence [22, 23]—influence a patient’s 
perception of HRQoL. Furthermore, a child may be unable 
(e.g., children <5 years old) [24] or unwilling to respond to 
questions. To overcome this challenge a parent-proxy con-
cept is used where the parents answer questions on behalf of 
the child. Reviews examining the concordance between 
child self-reported and parent-proxy-reported HRQoL have 
shown that the best concordance concerns physical (objec-
tive) conditions while the least concordance relates to 
 emotional and social items (subjective) [25]. However, par-
ent-proxy answers for children with chronic diseases had a 
higher concordance than with those for healthy children. 
P-IBD patients are rarely younger than 5 years at diagnosis 
[26], nevertheless these patients often present with more 
severe or extensive disease [27], thereby underscoring the 
need to accurately measure HRQoL.

Clinicians and policymakers are increasingly cognizant 
of the importance of measuring HRQoL to inform patient 
management and policy decisions [28]. Patient-reported out-
comes (PROs) capture the patient’s illness experience in a 
structured format and may help physicians better understand 
symptoms from the patient’s perspective [29]. PROs  measure 
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any aspect of health directly reported by the patient (e.g., 
physical, emotional, or social symptoms) and may help to 
direct care and improve clinical outcomes [30]. The  ultimate 
PRO is improvement in HRQoL. In the U.S. Food and Drug 
Administration (FDA) and European Medicines Agency 
(EMA) guidelines [31, 32] for new drugs in IBD- validated 
HRQoL measurements, such as the inflammatory bowel dis-
ease questionnaire (IBDQ), are part of the secondary end-
point section among other considerations such as steroid 
sparing effect, treatment of abscess, endoscopic remission, 
and treatment of obstruction. Currently, the FDA is moving 
away from using disease activity indices as clinical trial 
 endpoints and towards PROs when assessing the patient’s 
experience of symptoms and objective measures of disease 
[33]. Recently, the first professorship in PROs has been 
established in Denmark [34].

 Quality of Life Indices and Questionnaires

Several different instruments exist for the assessment of 
HRQoL in IBD, as described in Table 25.1. Disease-specific 
questionnaires for HRQoL—derived from, and validated in, 
the relevant disease groups—are the most sensitive indica-
tors of change over time or with treatment. Generic instru-
ments, on the other hand, are used to show similarities or 
differences among groups or populations; however, they 
may not be sensitive to changes over time or subsequently to 
treatment in groups of patients with specific diseases [35].

 Disease-Specific Questionnaires

 Inflammatory Bowel Disease Questionnaire 
(IBDQ)
In 1989, a group of doctors, together with sociologist Guyatt 
G at Hamilton University, Canada, developed and validated 
the disease-specific Inflammatory Bowel Disease Question-
naire (IBDQ) [36, 37]. To date the questionnaire has been 
translated into 37 languages by forward and backward 
 translation and can be purchased from Hamilton University 
(www.mcmaster.flintbox.com).

The questionnaire comprises 32 items which measure the 
following broad domains: physical health, psychological 
health, social relationships, and environment. Responses are 
scored on a 7-point Likert scale, in which 7 corresponds to 
the highest level of functioning. Cumulative scoring above 
170 points represents a good quality of life, with a possible 
range of 32–224. When compared with the general popula-
tion, IBD patients have impaired quality of life in all four 
categories. The most frequent concerns of UC patients are 
having an ostomy bag, developing cancer, side effects, the 
uncertain nature of their disease, and the need for surgery. 
The most frequent concerns of CD patients are the uncertain 
nature of their disease, impaired energy level, side effects of 
medication, the need for surgery, and having an ostomy bag 
[35]. Surgical quality of life with inflammatory bowel dis-
ease has not been well examined and the IBDQ is not appli-
cable to patients with stoma.

The short Inflammatory Bowel Disease Questionnaire 
(s-IBDQ) is a shorter version of the original instrument.  
It consists of ten items from the IBDQ covering all four 
dimensions where scoring above 50 points (range 10–70) 
indicates good quality of life [8] and may be more conve-
nient for use in the office, for use in large research studies, or 
in clinical trials [38]. The s-IBDQ has recently been used for 
web- based treatment applications, where patients score their 
HRQoL at home using a validated eHealth tool [39–41].

In 1992 a questionnaire to determine the subjective health 
status of patients with inflammatory bowel disease was 
developed and verified. To examine the quality of life in a 
group of “healthy” outpatients with IBD, the group from 
Edmonton, Canada developed a self-administered form of 
this questionnaire comprising 36 questions across five dimen-
sions: systemic symptoms, bowel symptoms, functional 
impairment, social impairment, and emotional function. 
Scores ranging between 36 and 252 points are possible, with 
scores above 180 indicative of a good quality of life [42].

 Short Health Scale (SHS)
The Short Health Scale (SHS) was developed in Sweden, 
initially designed as part of a network strategy to describe 
various aspects of the concept of health [43]. It is a self-
administered questionnaire comprised of four items, each 
addressing a subjective health dimension: symptoms, func-
tional status, worry, and general well-being (Tables 25.1 and 
25.2). Responses are graded on a 100-mm visual analogue 
scale. The results, presented as an individual score for each 
of the four items, form a profile. The questions are open-
ended so that patients can take into account any or all aspects 
of their life that they feel are important when completing the 
questionnaire [44]. The SHS correlates with the IBDQ and 
has been validated in adult Swedish and Norwegian IBD 
patients [44–46], and has been evaluated in adult IBD 
patients in the UK [47] as well as Croatian pediatric- onset 

patients [48].

Disease activity

Quality of Life

Social support Stressful life events

CopingQuality of Care

Psychological status

Fig. 25.1 Conceptual model of variables influencing quality of life in 
inflammatory bowel disease (reprinted from ref. [16] with permission 
from John Wiley & Sons, Inc.)
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Table 25.1 Overview of disease-specific quality of life and generic rating systems in IBD

Quality of life Items Domains Level (range)

Disease specific

Inflammatory Bowel disease 
Questionnaire (IBDQ) [36]

32 4 Above 170 (32–224)

10 Bowel symptoms

5 Systemic symptoms

5 Social function

12 Emotional function

Short Inflammatory Bowel 
disease Questionnaire (sib) [38]

10 4 Above 50 good (10–70)

3 Bowel symptoms

2 Systemic symptoms

2 Social function

3 Emotional function

Inflammatory Bowel disease 
Questionnaire outpatients [42]

36 5 (36–252)

Systemic symptoms

Bowel symptoms

Functional impairment

Social impairment

Emotional function

Short Health Scale (SHS) [44, 45] 100-mm VAS 4 Less than 25 mm (0–400 mm)

Symptoms

Functional status

Worry

General well-being

Rating Form of IBD Patient 
Concern (RFIPC) [49]

100-mm VAS 25 0 mm represents “not at all”

IMPACT III
Age 9–17 [22, 57]

35
7
3
7
12
3
3

6
Bowel symptoms
Systemic symptoms
Emotional functioning
Social functioning
Body image
Treatment/interventions

(35–175)

Generic

Short Form 36 (SF-36) [62] 36 8 (0, worst–100, best)

10 Physical functioning

2 Social function

4 Role limitations due to physical 
problems

3 Role limitations due to emotional 
problems

4 Energy/vitality level

5 Mental health

2 Bodily pain

5 General health perception

1 Health transition over time

Short Form 12 (SF-12) [63] 12 8 (0, worst–100, best)

2 Physical functioning

1 Social function

2 Role limitations due to physical 
problems

2 Role limitations due to emotional 
problems

1 Vitality level

2 Mental health

1 Bodily pain

1 General health perception

(continued)
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Table 25.1 (continued)

Quality of life Items Domains Level (range)

Psychological General well-being 
Index (PGWBI) [64]

22 Lower values—negative 
response (22–232)5 Anxiety

3 Depressed mood

4 Positive well-being

3 Self-control

3 General health

4 Vitality

Pediatric Quality of Life 
Inventory™, Version 4.0 (PedsQL 
4.0) [73]
Child: age 5–18
Parent-proxy: age 2–18

23 2 Linear transformation
(0–100)8 Physical functioning subscale

Psychosocial health:

5 Emotional functioning

5 Social functioning

5 School functioning

TNO AZL
Child Quality Of Life (TACQOL)
Child: age 8–15
Parent-proxy: age 6–15 [76]
Preschool Quality of life
(TAPQOL)
Parent-proxy: age 1–5 [77]

56 7 0–32 in each scale
(0–224)
Linear transformation
(0–100)

8
8
8
8
8
8
8

Physical complaints
Motor functioning
Autonomous functioning
Cognitive functioning
Social functioning
Positive moods
Negative moods

43
4
3
3
3
3
4
3
7
4
3
3
3

21
Sleeping
Appetite
Lungs
Stomach
Skin
Motor functioning
Social functioning
Problem behavior
Communication
Anxiety
Positive mood
Liveliness

Table 25.2 Short Health Scale (SHS) with the four dimensions and four questions presented as 
100 mm in VAS scale

1. How severe symptoms do you suffer from your bowel disease?

No symptoms __________________________________________ Very severe symptoms

2. Does your bowel disease interfere with your activities in daily life?

Not at all ________________________________________ Interferes to a very high degree

3. How much worry does your bowel disease cause?

No worry __________________________________________ Constant worry

4. What is your general sense of well-being?

Very well __________________________________________ Dreadful

Based on data from refs. [44, 45].
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 Rating Form of IBD Patient Concern (RFIPC)
The Rating Form of IBD Patient Concern (RFIPC), a 
25-item disease-specific questionnaire, rates worries and 
concerns of patients with IBD on a 100-mm VAS scale 
(range, 0–100 mm) [49]. Zero mm represents “not at all” 
and 100 “a great deal.” The sum score is the mean average 
of the scores across all 25 items. The RFIPC has been found 
to be reliable and valid [50–53]; while it is not applicable to 
patients with stoma, it has been validated in patients with 
pouch after proctocolectomy [54].

 IMPACT
The most regularly used disease-specific HRQoL for P-IBD 
is IMPACT [55], which is also recommended by the  pediatric 
committee of the European Crohn’s and Colitis Organization 
(P-ECCO) as a secondary outcome measure in clinical trials 
[56]. The IMPACT questionnaire originates in Canada and 
was developed after item-generated and item- reduction 
interviews with 82 P-IBD patients (8–17 years) [22]. To mir-
ror the adult IBDQ, it was decided beforehand to arrive at a 
33-item questionnaire in the item-reduction phase. Responses 
to each question are recorded on a 10 cm VAS (with incre-
ments of 0.7 cm, for comparison to the IBDQ score). The 33 
items are divided according to six dimensions: bowel symp-
toms; body image; emotional functioning; social function-
ing; tests/treatments; and systemic symptoms. A higher score 
represents a better quality of life (with a range of 0–231).

IMPACT has been validated and found reliable in Canada 
[57]. It was further tested in Europe, among British and 
Dutch children, where it was found that some of the ques-
tions were inappropriate and/or too difficult to understand. 
Subsequently a simpler wording of the questionnaire was 
introduced and some of the questions were replaced, result-
ing in IMPACT II (35 items, VAS score, same six dimen-
sions, score range of 0–245) [58]. IMPACT III consists of 
the same questions as IMPACT II, but with a 5-point Likert 
scale (score range of 35–175) instead of VAS [59]. IMPACT 
III has been validated and evaluated in children [58, 60] as 
well as in a parent-proxy setting, showing overall good 
 concordance—except with regard to emotional functioning, 
where parents scored emotional functioning lower than did 
their children [61]. IMPACT III has been translated through 
cross- cultural adaptation into 40 languages [56].

 Generic Questionnaires

 Short Form-36 (SF-36)
The SF-36 is a generic questionnaire containing 36 items 
[62]. Thirty-five of the items are grouped into eight multi- 
item scales. The eight domains of the SF-36 are as follows: 
physical function (ten items); social function (two items); 
role limitations due to physical problems (four items); role 

limitations due to emotional problems (three items); energy/
vitality (four items); mental health (five items); bodily pain 
(two items); and general health perception (five items). In 
addition, it contains a one-item measure of self-evaluated 
change in health status (health transition) over the previous 
year. For each question, a raw score is coded and transformed 
into a percentage, with 0 indicating the least favorable pos-
sible health status and 100 indicating the most favorable.

The 12-item Short Form Health Survey (SF-12) was 
developed for the Medical Outcomes Study (MOS), a multi- 
year study of patients with chronic conditions [63]. The 
resulting short-form survey instrument provides a solution to 
the problem faced by many investigators who must restrict 
survey length. It consists of 12 questions grouped into a 
physical and a mental component summary score (PCS and 
MCS) and eight multi-item scales. The instrument was 
designed to reduce respondent burden while achieving mini-
mum standards of precision for purposes of group compari-
sons involving multiple health dimensions.

 Psychological General Well-Being Index (PGWBI)
The Psychological General Well-Being Index (PGWBI) is a 
generic 22-item questionnaire measuring subjective feelings 
of well-being and distress [64]. Responses are graded on a 
6-point Likert scale. Lower values correspond to more nega-
tive responses and higher values to more positive responses. 
The overall score is the summation of the item responses, 
ranging from 22–132. The questionnaire has been used alone 
and in combination with other generic and disease-specific 
questionnaires, both in general populations and in studies of 
chronic illness. The PGWBI has been translated and cultur-
ally adapted into at least 36 languages.

 Pediatric Quality of Life Inventory (PedsQL)
PedsQL [65] is a regularly used generic HRQoL for assess-
ing those with P-IBD [10, 48, 66–72]. It is valid and reliable 
[73–75] and exists in several languages [19]. The updated 
version, PedsQL 4.0 Generic Core Scales [73], consists of 23 
items covering the following dimensions: (1) physical func-
tioning, (2) emotional functioning, (3) social functioning, 
and (4) school functioning. The questionnaire consists of 
parallel versions, with child self-reported (ages 5–7, 8–12, 
and 13–18) and parent-proxy-reported (age 2–18) scores. 
The child self-reported and parent-reported versions are 
essentially identical but differ in the wording of the ques-
tions (i.e., first or third person, respectively). Furthermore, 
the school-related items differ depending on the age of the 
child. Answers are given on a 5-point (0–4) scale or a 3-point 
(0, 2, and 4) scale, expressed as corresponding faces to ease 
the process for the youngest patients (age 5–7). Items are 
reverse-scored and linearly transformed to a 0–100 scale 
divided by the number of items answered. Higher scores rep-
resent a better HRQoL. The score can be evaluated as a total 
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HRQoL score and two summary scores: physical health 
(dimension 1) and psychosocial health (dimensions 2–4).  
A PedsQL family information form is used to collect demo-
graphic data and information about missing days of school 
and work (for the parents) caused by the child’s ill health.

Another generic HRQoL measure is the Netherlands 
Organization for Applied Scientific Research Academic 
Medical Centers (TNO AZL) Child Quality Of Life 
(TACQOL) and Preschool Children Quality of Life 
(TAPQOL) [76, 77]. TACQOL and TAPQOL have been used 
in Dutch P-IBD publications [14, 58, 78]; while other pedi-
atric generic HRQoL questionnaires used in pediatric popu-
lations exist [19, 20], they appear less regularly in P-IBD 
publications.

 Evaluation of QoL in IBD Patients

The role of extrinsic factors—the characteristics of the social 
surroundings (e.g., family, social network, QoC, social security, 
infrastructure, occupation, cultural, and religious values)—in 
patients’ perception of HRQoL is well studied in IBD. The sig-
nificance of family and social support has been described in 
both adult and pediatric studies [71, 79–84]. Regarding HRQoL 
among parents of children with IBD, scores decrease with 
worsening disease activity in the child [85].

The aforementioned European Collaborative Study on 
IBD (EC-IBD) was able to show that HRQoL is influenced 
by a variety of factors in the community setting [16, 86]. A 
moderate correlation between patient-reported IBD-related 
concerns and adverse national parameters has been found [52]. 
Ethnic and religious differences have also been put forward 
as predictors of HRQoL outcome in IBD [87, 88].

Intrinsic factors refer to mental and physical aspects  
of the respondent dependent of respectively (1) gender, age, 
personality, preference, life goals, coping strategy, experi-
ence, knowledge, education, psychiatric disorder and (2) 
comorbidity, disease severity and duration, complication, 
general physical health status.

Being female has, in the majority of studies of adult IBD 
patients, been associated with a poorer HRQoL in CD, in 
other diseases, and in the general population [89–91]. How-
ever in P-IBD, results have shown no disparity in HRQoL 
among girls and boys [74, 78, 92, 93]. In some P-IBD stud-
ies, poorer HRQoL was associated with higher age (i.e., ado-
lescents) [14, 15] while other studies showed no significant 
effect [74, 92]. While the elderly have a poorer generic 
HRQoL in general population health surveys, particularly 
regar ding physical domains [89], in several studies on 
HRQoL in IBD age was shown to have little or no effect  
[3, 94, 95].

Personality traits, coping strategies and mental illness 
have been found to influence HRQoL in adult and pediatric 

IBD populations [93, 96–101]. Furthermore, an individual’s 
ability to cope with ill-health can change over time. Health 
impairments may elicit a process of accommodation in 
which the internal standards, values, and conceptualization 
of subjective health evaluations are changed. This phenom-
enon, known as “response,” is an important factor in HRQoL 
over time and an important contributor to HRQoL outcome, 
possibly explaining improvements of HRQoL in the long 
term, and also counterintuitive findings of enhanced HRQoL 
in patients with severe disease [102]. Despite this phenome-
non, and the widely described mitigating long-term disease 
course [103–105], HRQoL seems not to be affected by dis-
ease duration in CD [2, 95, 99, 100, 106].

A higher educational level has been associated with better 
IBD-related HRQoL [49, 95], but specific IBD educational 
programs have not been shown to improve HRQoL in adult 
IBD patients [107, 108]. However, among P-IBD patients 
HRQoL was found to improve after attending a camp spon-
sored by the Crohn’s and Colitis Foundation of America, sug-
gesting a normalizing of the chronic illness experience [109].

Low socioeconomic status and smoking have also been 
linked to a poorer HRQoL among those with CD [5, 110]. 
Disease activity and severity has in many studies been a 
strong predictor of adult and pediatric HRQoL in IBD [10, 
14, 15, 98, 101, 111, 112], even though a disease phenotype 
(as classified by age at diagnosis, location, and behavior) 
was found to have no effect on HRQoL in a 2005 study by 
Casella’s [4]. Finally, comorbidity has been found to be det-
rimental to HRQoL, in both physical and mental terms, when 
assessing patients using IBD-specific instruments [3, 106].

In a comprehensive analysis of 22 studies of quality of 
life in CD [113], HRQoL was better in healthy controls and 
UC patients (except pre-colectomy ones) than in CD patients. 
Health-related quality of life was similar to, or worse than, 
that among those with a variety of other chronic medical 
conditions. Health-related quality of life was directly corre-
lated with CD activity and was worse among those with 
active disease than among those in remission. In P-IBD stud-
ies, the HRQoL was comparable to that found in other 
chronic or acute illnesses, but worse than that among healthy 
children [10, 11]. Finally, HRQoL studies have found a high 
representation of depressive symptoms and disorders in 
P-IBD patients [82, 114–116].

Health-related quality of life was found to improve for a 
short time after surgical resection [117]. In addition, active 
IBD had a negative impact on labor force participation [118] 
and relationship and sexual health [119]. In P-IBD, patients 
receiving an ideal J-pouch anal anastomosis were reported to 
be satisfied with the surgical procedure [120] and HRQoL 
scores were similar to those among healthy children [72, 121]. 
As such, physicians should not necessarily avoid surgery 
when striving for the most important goal of medical therapy, 
which is to make the patient well [122, 123].
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 Perspectives

Health-related quality of life is a useful metric when assess-
ing the efficacy of medication in trials and has been validated 
in several different disease activity scoring systems. Short 
form questionnaires for disease-specific and generic HRQoL 
are recommended in the everyday clinical setting. The most 
established HRQoL measures described in the literature are 
the IBDQ (adult) and IMPACT III (pediatric). PROs are 
emerging as important endpoints in drug trials as treatment 
targets for IBD that in the future could be used in treat-to- 
target strategies in routine clinical practice.

In recent year’s eHealth, including self-management tools, 
has been introduced as an important “adjuvant” to medical 
therapy. This approach can improve adherence to medication 
among IBD patients [39], time in remission [39, 41], as well 
as HRQoL [39, 124] by involving patients in their own treat-
ment and disease course. Two recent meta- analyses showed 
that distance management was able to decrease the number of 
clinic visits and improve HRQoL, adherence to therapies, 
knowledge about the disease, reduction of health care costs 
for IBD, and shorter time to remission [125, 126]. eHealth 
instruments in pediatric settings are currently under evalua-
tion in Holland, the USA and Denmark [127–129].

New technologies and digital solutions continue to impact 
on health care, including IBD care, with telemedicine being 
increasingly studied for follow-up and treatment especially 
in young, busy, and rural patients with limited time or 
reduced access to standard care providers. Based on the 
 evidence to date, eHealth technology is a tool that could 
potentially enhance long-term prognosis of gastrointestinal 
diseases, as well as improve the HRQoL of IBD patients.
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 Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are chronic, 
inflammatory disorders of the gastrointestinal tract character-
ized by diarrhea, bleeding, and abdominal pain. Complications 
include formation of strictures, fistulae, and colorectal cancer. 
Cumulatively, the symptoms and complications of disease 
increase costs to both the individual and society, both related 
to provision of care and lost economic productivity. Patients 
with IBD are usually young, require a long duration of ther-
apy, and no curative treatment is available. Accordingly the 
economic burden is large. Since medical therapy is directed 
against immune responses, treatment-related adverse events, 
specifically serious infection, also increase the cost of care [1]. 
In addition, many patients require hospitalization or surgery 
for management [1]. In summary, the cost of drugs and provi-
sion of other medical services are major contributors to the 
direct cost of managing these patients.

As new therapies emerge, pharmacoeconomic analyses 
will be used to determine which therapies are funded by pay-
ers. These analyses compare the relative monetary costs of 
therapy (“dollars”) to achieve desirable outcomes, such as 
improved quality of life, reduced incidence of disease-
related complications, or mortality. As an increasing num-
bers of high cost biologic drugs become available, public and 

private payers will rely on validated cost-effectiveness mod-
els to inform reimbursement decisions. Given that payment 
for drugs is now a major determinant in the choice of treat-
ment for IBD, a basic understanding of pharmacoeconomic 
principles is helpful to clinicians.

 Methods of Economic Analysis

All economic analyses measure the monetary cost of an inter-
vention to achieve or avoid a specific outcome. Four types of 
analyses are available.

 Cost-Minimization

Cost-minimization [2] analysis compares the relative costs of 
two treatments under the dominant assumption that the relative 
difference in effectiveness and safety between the products is 
negligible. Therefore, the least expensive intervention is the 
preferred one. These types of analyses are straightforward if 
cost differences are large and no striking efficacy differences 
exist, however the real world is usually more complicated.  
A relevant example in IBD therapeutics would be the relative 
cost of the various 5-aminosalicylic acid (5-ASA) formulations 
to prevent a relapse of UC, given that no obvious differences in 
efficacy or safety exist [3], the preferred choice of product is 
simply the lowest cost formulation.

 Cost-Effectiveness

In cost-effectiveness analysis [2], efficacy is defined by an 
objective clinical outcome whereas costs are measured in 
dollars. The specific outcome is selected on the basis of clini-
cal relevance. For example in cardiovascular disease the rela-
tive cost of two treatments to prevent a death from myocardial 
infarction is a commonly used metric that is easily  understood 
by clinicians, the public, and payers. However, a problem 
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exists in the application of this approach in IBD. The candi-
date “big ticket” outcomes in IBD that would be appropriate 
for use in these models such as need for surgery or hospital-
ization, development of major disease-related complications, 
or mortality occur infrequently within short to medium time 
horizons. Thus very large studies are needed to show statisti-
cally significant differences in these events. This circum-
stance is an important limitation for comparisons of drug 
therapies which usually specify shorter time horizons.

 Cost–Benefit

In cost–benefit analysis [2] the efficacy of therapy is converted 
to monetary equivalents so that both costs and benefits can be 
expressed and directly compared in dollars. For example, 
according to the “Human Capital Approach” (HCA) [2] a 
patient with CD in remission is worth more to society than one 
with active disease because the former individual is more likely 
to participate in the work force and pay taxes and is less likely 
to require social assistance. Therefore, from a societal eco-
nomic perspective remission is a more valuable health state 
than active disease. Although this approach is attractive because 
it facilitates comparisons in the common rubric of dollars, it 
has limited application to health care questions where it is 
problematic to evaluate differences in human health states in 
monetary terms both from logistical and moral perspectives.

 Cost–Utility

Cost–utility [2] analysis uses health-related quality of life 
(HRQOL) as an outcome and costs are measured in dollars. 
Utility scores are global HRQ measures that generate scores 
ranging from 0 (death) to 1.0 (perfect health). These esti-
mates provide the fundamental building blocks of cost–util-
ity analyses. Quality adjusted life-years (QALYs) are derived 
by multiplying the time in a particular health state by the 
utility score. For example, if the utility of a patient with mod-
erately severe UC is estimated to be 0.7, the number of 
QALYs associate with that state over 5 years would be 
0.7 × 5 = 3.5. Relative costs per QALY gained following 
application of a new treatment can then be used to compare 
the relative value of the intervention. If treatment with a new 
monoclonal antibody increases the utility score from 0.7 to 
0.9 the cumulative gain in QALYs would be 1.0 (5 × 0.9 = 4.5 
compared to 3.5). This gain in HRQL can then be expressed 
as a cost per QALY achieved. Simplistically, if the drug 
acquisition cost of 20,000 dollars per annum was considered 
over a time horizon of 5 years, the cost per QALY gained 
would be 5 × 20,000 = 100,000 dollars. These estimates can 
then be benchmarked against competing treatments or soci-
etal standards.

 Measuring Costs in Inflammatory Bowel 
Disease

 Direct Costs

The direct costs of chronic diseases, such as IBD, include 
health care related expenditures such as medications, hospi-
talizations, and investigations that are estimated using data 
from cohort studies, administrative/claims databases, or dur-
ing conduct of controlled trials [4]. Although the latter 
approach enables accurate collection of all relevant vari-
ables, it is costly and usually produces estimates with limited 
generalizability. In contrast, administrative data bases pro-
vide convenient and inexpensive cost information, but are 
often limited by incomplete data and multiple biases inher-
ent to insurance status. Expert opinion, which is often used 
to supplement other model estimates when no other data 
sources exist, has inherent validity limitations. In most cir-
cumstances models use all of these sources to overcome 
restrictions that are integral to individual sources. It should 
be recognized that cost estimates are highly jurisdiction spe-
cific due to differences in local economic circumstances and 
health care delivery models.

 Indirect Costs

Indirect costs, which include impaired work productivity, 
“spillover” disutility to family caregivers, and provision of 
disability [5, 6] benefit provide greater challenges to accu-
rately quantify than direct costs. However, capturing this 
component of the economic burden of IBD is critical in that 
these costs can be even greater than direct costs [7, 8].

 Measuring Health Related Quality  
of Life in IBD

As noted previously major clinical outcomes (surgery hospi-
talization, complications, mortality) are not common enough 
that precise estimates can be easily derived in trials with 
durations of 1–2 years. Accordingly, HRQOL has been the 
primary outcome used for economic analyses in IBD. It is 
well established that HRQOL is worse in patients with IBD 
than healthy individuals and that administration of effective 
therapy improves HRQOL in patients with active disease 
[9–11].

HRQOL is a multidimensional concept that includes 
physical function, emotional and social well-being, ability to 
work productively, and freedom from disease-related symp-
toms [12]. In both clinical practice and clinical research, 
HRQOL can be used to assess for response to therapy.  
In addition, validated HRQL instruments provide unique 
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insights into patient perceptions of disease, which may differ 
from that of health care providers. Both generic and disease- 
specific indices to assess HRQOL exist. Disease-specific 
measures are generally more sensitive to changes in health 
status than generic instruments, whereas the latter are useful 
for comparing the magnitude of treatment effects across dif-
ferent diseases.

Traditionally, two approaches have been employed to 
measure HRQL: psychometric questionnaires and utility 
analysis.

 Psychometric Questionnaires

Both generic and disease-specific HRQOL instruments have 
been developed that range from a global assessment mea-
sured on a 10-point scale to complex inventories consisting 
of over 100 questions. Generic instruments, such as the Short 
Form-36 (SF-36) [13] and the McMaster Health Status 
Questionnaire measure HRQOL evaluate domains that are 
commonly effected during illness states, including physical, 
mental, and social health. These indices facilitate valuable 
comparisons between diseases. In contrast, disease-specific 
HRQOL instruments, such as the Inflammatory Bowel 
Disease Questionnaire (IBDQ) [14] emphasize condition- 
specific items. These indices may not address all domains of 
well-being, but are usually highly responsive to incremental 
changes in patient status for their specific disorder.

The IBDQ is a validated disease-specific measurement of 
quality of life comprising 32 items [14]. This questionnaire 
assesses bowel, systematic, social, and emotional function 
on a seven-point Likert scale and ranges between 32 (poor 
HRQOL) to 224 (very good HRQOL).

Despite the usefulness of these instruments in describing 
disease burden and quantifying treatment effects they are not 
sufficiently interpretable for clinicians and payers to accept 
them as meaningful outcomes in cost-effectiveness analyses. 
Therefore cost–utility evaluations remain the most important 
and widely used approach to quantify economic benefit in 
IBD.

 Utility Analysis

Utility analysis [2] places a comprehensive value on a spe-
cific health state, which takes into account personal prefer-
ences [15].

Utility [2] is traditionally estimated using one of the fol-
lowing methods:

In the “Standard Gamble” patients determine whether 
they would accept their current health state or gamble with a 
varying probability (P) of returning to normal health associ-
ated with a complementary inverse probability (1 − P) of sud-

den, painless death. Conceptually, patients with poor health 
states will be willing to accept high risk gambles in return for 
a chance to return to normal health than those with mild or 
quiescent disease. P is varied until the patient cannot decide 
whether to gamble or not. This point of ambivalence (equi-
poise) defines the utility score. Although this method, which 
comes from games theory [2] has been criticized for requir-
ing abstract decision-making, advocates of this technique 
argue that is both simulates decisions in clinical settings and 
is backed by considerable empiric data to support its 
validity.

Time Trade-off (TTO) [2] is a standardized methodology 
that elicits the number of year of life a patient would 
exchange for a return to perfect health. While on first inspec-
tion this technique seems to resemble the Standard Gamble, 
it is intrinsically different in that the “trade” is not made 
under conditions of uncertainty, which is usually the case 
when treatment decisions are made in clinical medicine, i.e., 
even in a situation where a treatment is 95 % effective.

 Utility in IBD

Both the Standard Gamble and the TTO have been validated 
as reliable measures of HRQOL in IBD [15]. Both measures 
correlate with, but are less responsive than, clinical assess-
ments of disease severity. Generally, the Standard Gamble is 
considered the gold standard for utility elicitation.

 Application of Utility Measurements

Utility scores allow comparison of HRQL impairment across 
chronic diseases. For example scores of 0.9 have been found 
in patients with class III/IV angina, 0.4 for chronic renal fail-
ure 0.4, and 0.82 for Crohn’s disease in remission [13]. 
Patients with severely active Crohn’s disease symptoms 
despite medical therapy have a score of approximately 0.5. 
Figure 26.1 displays utility score from patients with Crohn’s 
disease and the general population [8].

 Cost–Utility Analysis

In cost–utility analysis [2], utility scores are converted to 
quality adjusted life years (QALYs) to compare costs of ther-
apies. An empiric value of approximately $60,000 US per 
QALY has been empirically determined to be an acceptable 
societal cost-effectiveness threshold using this paradigm. 
This approach is particularly useful in IBD, since therapies 
improve well-being rather than alter life-expectancy and 
both positive and negative aspects of competing treatments 
can be assessed by a single measure.

26 Evaluation of Health Economics in Inflammatory Bowel Disease
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 Examples of Economic Studies in IBD

The two most commonly performed types of economic stud-
ies in IBD are (1) cost of illness assessments that quantify the 
overall cost of the diseases and identify specific cost drivers 
and (2) cost–utility comparisons that evaluate the relative 
cost-effectiveness of treatment alternatives.

 Cost of Illness Studies

A classic study performed by Hay and Hay in the 1990s, 
estimated the cost of IBD care in a cohort of patients regis-
tered with an American health maintenance organization [4, 
16]. Cost modeling, based on a sample of 100 patients with 
CD, suggested the annual cost of disease was $6561 per per-
son, with 70 % attributed to hospitalization and surgery, 11 % 
to medications, 18 % to testing and office visits, and 5.5 % to 
extra-intestinal manifestations. In UC, the annual cost of 
care was $1488. Importantly, 80 % of disease-related costs 
were generated by only 20 % of patients. Several valuable 
teachings came from this study. First, the overall economic 
burden of CD was greater than UC, Second, inpatient costs 
were paramount which suggested that interventions that kept 
patients well and out of hospital had the potential to be cost- 
effective even if drug acquisition costs were high. Finally, 
concentrating on delivering highly effective therapies to the 
sickest patients had the best chance of reducing overall costs. 
These data suggested that medical therapy that reduces sur-
gery and hospitalization would have the highest likelihood 
of reducing the overall cost of IBD care.

In contrast to these historical data, modern studies have 
shown a dramatic shift away from the predominance of inpa-
tient care costs to outpatient prescription drug costs as being 

responsible for the financial burden of the two diseases. 
Representative Canadian data are shown in Fig. 26.2.

The high cost of biologics drugs is directly responsible 
for this shift. In accordance with this change in treatment 
patterns, a number of studies indicate that surgery rates now 
appear to be falling, particularly in CD, likely as a conse-
quence of the introduction of more effective biologic therapy 
for outpatient management [17–19]. Costa et al. [17] per-
formed a meta-analysis that included 27 studies that evalu-
ated the efficacy of infliximab-based treatment regimens for 
reducing surgery and hospitalization in both UC and 
CD. These investigators documented a substantial reduction 
in the rates risk of hospitalization overall [Odds Ratio (OR) 
0.51; 95 % confidence interval (CI) 0.40, 9.65], that was not 
different between the two diseases. Surgical rates were simi-
larly reduced [the effect was greater in CD (OR 0.31; 0.15, 
0.64) than UC (OR 0.57; 0.37, 0.88)].

In summary, dramatic changes have taken place over the 
past three decades in the cost of managing IBD. Biologic 
drug costs have risen and there has been an associated drop 
in the rates of both surgery and hospitalization. Cost–utility 
studies are therefore needed to determine whether these 
changes in management have been cost-effective.

 Cost–Utility Models in IBD

Performance of high quality cost–utility comparisons is not 
a small matter. Ideally these studies should be purpose built 
and randomize a large number of patients to standard therapy 
or the novel intervention. All important costs should be iden-
tified prospectively and collected meticulously. Relevant 
outcomes such as surgeries, hospitalizations, and complica-
tions should be collected for a fixed duration of time in both 
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groups irrespective of whether patients continue to receive 
investigational drug. Utility assessments should be prospec-
tively collected using validated instruments. The study 
should be of sufficient size and duration to collect clinically 
meaningful differences in costs and utility scores. Appropriate 
missing data conventions should be specified in the statisti-
cal analysis which should also state the expected cost per 
QALY estimate for the intervention (or incremental cost- 
effectiveness ratio or ICER). We are currently unaware of 
any comparative cost–utility study in IBD that meets these 
rigorous requirements. For a number of reasons, many of 
which arise from either operational and financial constraints, 
cost–utility models are often performed post-hoc by using 
trial outcome data to generate an economic model that draws 
in cost and utility data from other sources. The most com-
mon approach is to utilize Markov modeling. Markov mod-
els are based on the concept that a finite number of health 
states (Markov states) exist for any chronic disease and that 
the probability of transitioning between any one state and 
another during a defined period of time (a “cycle” often 3–6 
months) can be estimated. These cycles can be rolled out 
computationally for various periods of time, depending on 
the specific question being addressed. And a descriptive pic-
ture of the probability of an individual being in any state at 
any specific time over the whole course of the disease from 
inception until death can be estimated. Assignment of costs 
and utilities to each state can be used to generate cost–utility 
estimates that can be differentially modeled to incorporate 
transition probability differences observed between placebo 
and active treatment in controlled clinical trials. To illustrate 
this concept, Fig. 26.3 shows a Markov stimulation of the 
natural history CD in Olmstead County Minnesota [20]. In 
this population, the portion of patients in remission decreases 
rapidly 5 years after diagnosis whereas the number of 

patients with mild disease increases. Patients transition into 
a prolonged remission following surgery, but fewer patients 
entered remission following therapy.

To illustrate the potential value of this approach, consider 
the following Markov model developed by Bodger and col-
leagues [21] who wished to evaluate the relative cost- 
effectiveness of TNF-antagonists for the treatment of CD 
from the perspective of the UK National health Service. The 
Olmstead County model previously described was used as 
the basis for a Markov model that described the usual course 
of the disease, however the number of health states were 
reduced to five (full response, partial response, non-response, 
surgery, and death). Efficacy estimates for the TNF- 
antagonists were derived from Phase III clinical trials [22, 
23]. Costs were derived from UK specific sources, while 
utilities were estimated using an algorithm that translated 
differences in CDAI scores into EQ-5D [24] utilities. Both 
lifetime and 1 year time horizons were evaluated.

ICERs for 1-year of treatment with infliximab or adalim-
umab in comparison to conventional management were 
19,050 pounds and 7190 pounds per QALY gained, respec-
tively. Acceptable ICERs for these agents were observed 
when considering a lifetime horizon for treatment period of 
up to 4 years of continuous administration. These types of 
outputs are very valuable to decision-makers who have 
 limited resources and many competing calls to provide reim-
bursement for new therapies.

 Conclusion

In summary appropriate pharmacoeconomic techniques are 
available to assist decision makers in making informed deci-
sion regarding the allocation of health care resources for the 
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management of IBD. We have already observed a dramatic 
shift in costs from hospital-based care to ambulatory clinics 
which has been accompanied by higher drug acquisition 
costs. This trend is likely to continue. As multiple competing 
biologic drugs continue to arrive in the marketplace, pres-
sure on payers will increase further. Consequently, the appro-
priate development and use of comparative economic models 
is likely to take on even greater importance.
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 Introduction

In the first edition of this book in the Natural History chapter 
I made the argument that there was a short window of the 
1950s through the 1960s where the natural evolution, the 
evolution of untreated inflammatory bowel disease (IBD) 
was recorded. Lennard-Jones identified diagnostic issues 
that would impact on the documentation of the natural his-
tory, such as mislabeling what we now call isolated Crohn’s 
colitis as ulcerative colitis. Lennard-Jones also suggested 
that persons with imaging evidence of disease but no symp-
toms did not require treatment [1]. Modern writing about the 
natural history of IBD addresses the history of IBD as the 
practice of medicine has evolved through increasingly 
sophisticated diagnostics facilitating more accurate pheno-
typing of disease, as well as increasingly targeted and effec-
tive therapy. It is hoped that better diagnostics and better 
therapeutics would lead to better milestone outcomes as in 
the rates of death, surgery, and hospitalization. How these 
outcomes have changed over time and some factors that may 
impact on them are reviewed in this chapter. Further, I 
address the importance of the modern approach  having pro-
gressed from treating symptoms to treating both symptoms 
and inflammatory disease. Summaries of outcomes in 
Crohn’s disease and ulcerative colitis are provided in 
Tables 27.1 and 27.2, respectively.

 Mortality

In ulcerative colitis (UC) mortality rates in the middle of the 
twentieth century were as high as 22 % but fell steadily to 
approximately 5 % in the 1960s. Rates had been the highest for 

those with a severe first attack, those operated on emergently 
compared to those operated on electively and among those 
over age 60 [2–4]. The magnitude of the rates of mortality 
have dramatically changed but the variables that pose risks for 
adverse outcomes have remained the same over the past 50 
years. Being early in the disease course, undergoing surgery, 
particularly emergent surgery, and older age were all shown to 
be mortality risk factors in a recent population based analysis 
of mortality rates in Manitoba, Canada [5].

In this study assessing mortality in all persons in Manitoba 
with IBD between 1984 and 2012 Crohn’s disease (CD) was 
associated with an increased risk for death [hazard ratio, HR 
of 1.26 (95 %, CI, 1.16–1.38)] but the HR for UC was 1.04 
(95 % CI, 0.96–1.12). The lack of an increased death rate 
among persons with UC compared to controls suggests that 
either the disease is being diagnosed earlier, in less ill per-
sons, or that it is being managed better, or both. Variables that 
increased the risk for death significantly compared to controls 
included the first year from diagnosis in both CD and UC, and 
the greatest risk for death in both CD and UC was within the 
first 30 days following GI surgery. Among IBD cases alone 
male sex, and older age at diagnosis, as well as increasing 
comorbidities significantly impacted on mortality in both CD 
and UC. The increase in mortality in CD compared to con-
trols and the lack of increase in UC relative to controls gener-
ally mirror that reported elsewhere in the literature (reviewed 
in ref. [5]); however, there is heterogeneity by jurisdiction.

 Surgery

While surgery can lead to prolonged disease free states for 
many with CD [6] and can enhance the quality of life for 
many with UC, it is, nonetheless, a disfiguring procedure 
accompanied by risks, a marked impact on daily activities 
and quality of life and as noted above, even in our modern 
era, occasionally death. So even while a well-timed surgery 
can be a critically important positive intervention to get a 
patient’s life back on track, most of the time surgery is 
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 considered a marker of failed therapy-failure to treat soon 
enough, or aggressively enough, or simply a failure of the 
available medical approaches in their effectiveness. 
Sometimes the person’s disease just doesn’t respond regard-
less of how timely and comprehensive the medical approach 
is that is taken.

CD: Surgery rates prior to 1970 were nearly 75 % [7, 8] 

which markedly influenced the long held view that surgery 
was a near inevitability at some time in the course of a 
patient’s life. Even in a later era but prior to the availability 
of biologic therapy, approximately 40–50 % of subjects in 

population-based cohorts underwent intestinal surgery 
within 10 years from diagnosis. Reoperation rates were up to 
50 % by 10 years [9]. The most recent data from Canada and 
the UK suggest that surgical rates were falling prior to the 
advent of biologic therapy, and continue to fall. For instance 
5-year surgery rates by years of CD incidence were 59 % 
(1986–1991), 37 % (1992–1997), and 25 % (1998–2003) 

from Wales [10] and 30 % (1988–1995), 22 % (1996–2000), 
and 18 % (2001–2008) from Canada [11]. In Canada inflix-
imab became available only in 2001 for CD and surgery rates 
were already falling before its availability.

Table 27.1 Summary statements for disease course in Crohn’s disease

1.  Approximately one third of patients has chronically active disease or fluctuating disease and hence this is the cohort most likely to be treated 
by more aggressive immunomodulating therapy. However, treating beyond symptom remission to achieve mucosal healing as well, will very 
likely increase the use of immunomodulating medications

2.  Mortality is increased in Crohn’s disease compared to the general population. Surgery, especially the first 30 days from surgery, is associated 
with mortality

3.  In general, at least from North America, there seems to be a recent trend toward reduced hospitalization rates. Hospitalization rates are 
dependent on the prevalence of disease, the approaches to settling disease in an outpatient setting and also the nature of the health care 
system and availability of access to inpatient therapy

4.  In the pre biologic era, from population based studies, approximately 40–50 % of subjects will have undergone intestinal surgery within 10 
years from diagnosis and the risk of postoperative recurrence may be about 50 % by 10 years. Surgery rates though are clearly falling. The 
drop in surgery rates began even before the introduction of biological therapy

5.  In Crohn’s disease the location of disease is mostly stable over time with 15–20 % having a change in disease location when followed over 
time. While ileitis has been a hallmark of Crohn’s disease, in population based studies the colon (either alone or in combination with small 
bowel disease) is involved more often at a rate of up to 75 %. Data from some countries suggest that ileal disease location is more likely to 
be associated with complicated disease such as development of fibrostenosing or penetrating disease while data from other countries suggest 
that colonic disease is more likely to be associated with complicated disease. At diagnosis up to one third have evidence of fibrostenosing or 
penetrating disease but by 20 years half of all patients had these complications. Since there is a lack of uniformity in examining for disease 
behavior at all sites at time of diagnosis, the true incidence of evolution over time to complicated behavior is unknown

6.  The main difference in pediatric onset disease versus adult onset disease is a higher prevalence of upper gastrointestinal disease in children; 
however, much of this may be related to the fact that pediatricians are more likely to pursue upper endoscopy in newly diagnosed children 
with Crohn’s disease compared to the use of upper endoscopy in newly diagnosed adults. While it has been shown that disease onset prior to 
age 40 is more aggressive than after age 40 years it seems that pediatric onset disease (age less than 17 years of age at diagnosis) is in fact 
not more aggressive than adults presenting prior to age 40 years

7.  Mucosal healing seems to be a desired effect of therapy and its presence may reduce some negative outcomes. Whether it can ultimately be 
associated with long term reduction in complications (strictures or fistulas), surgery, and other comorbidities remains to be proven. 
Symptoms may not always be associated with active inflammation; hence in the setting of increased symptoms it is important to document 
the presence of active inflammation either with endoscopy or surrogate markers before increasing anti-inflammatory or immunomodulating 
therapy

Table 27.2 Summary statements for disease course in UC

1. Mortality rate is not increased in UC compared to the general population, but surgery is associated with mortality in UC

2. Hospitalization in a hospital with low volume rates for colectomy in UC are associated with higher mortality rates

3.  Surgery rates at 10 years from diagnosis are approximately 10 % from recent studies which is much lower than reported colectomy rates in 
studies completed prior to 1990

4. Short term colectomy rates in severe hospitalized UC have remained stable at 27 % for several years

5. Pancolitis is a risk factor over lesser disease extent for requiring surgery

6.  Children seem to have higher rates of extensive colitis at diagnosis than adults. There also seems to be higher rates of colectomy in children 
than for adults (i.e., at least 20 % at 10 years) and perhaps this reflects a higher rate of extensive disease

7.  While mucosal healing has become a study endpoint for clinical trials in UC it is unclear if treating an asymptomatic patient until mucosal 
healing is achieved will change prognosis and it would require treating a large number of persons who otherwise had no symptoms. How ever, 
many patients have symptoms that are unrelated to having active inflammation. Hence, when a patient presents with symptoms it is important 
to document active inflammation either with endoscopy or surrogate markers before increasing anti-inflammatory or immunomodulating 
therapy
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Small bowel disease, perineal disease, penetrating 
 disease, and fibrostenosing disease all increase the likelihood 
of requiring surgery. Reoperation rates are also impacted by 
disease phenotype, but studies extended out over years and 
that cover decades of biological therapy use may change 
some of these paradigms. As an example, it was always con-
sidered that persons with isolated CD colitis would have 
lower reoperation rates in those who have their entire colons 
removed and have an end ileostomy. However, when sur-
vival curves are extended far enough out, rates of reopera-
tion among proctocolectomy patients may approach that of 
those treated with segmental resection [12].

UC: Surgery rates in UC were as high as high as 30 % at 
10 years disease duration prior to 1990; however, in most 
modern studies at 10 years from diagnosis surgery rates are 
approximately 10 % [13]. The lower rates of colectomy in 
recent times might reflect improved therapy but might also 
reflect greater access to colonoscopy and greater diagnoses 
of subjects with milder disease. Interestingly, a population 
based study on colectomy rates in UC from Manitoba Canada 
found no reduction in early colectomy (within 90 days of 
diagnosis) by the era of diagnosis (different than overall col-
ectomy rates which have been falling by era of diagnosis) 
[14]. One implication is that advances in medical therapy of 
acute severe colitis have not been widely experienced or 
have simply not been sufficiently effective. A recently pub-
lished review of short term colectomy rates in severe hospi-
talized UC suggested that the short term colectomy rate has 
remained stable at approximately 27 % [15]. Acute severe 
colitis in patients with UC still represents a condition with a 
high early colectomy rate and a measurable mortality rate. 
However, overall colectomy rates have been declining by era 
in Manitoba. Ten-year colectomy rates decreased signifi-
cantly over time (12.2 % [era of incident cases 1987–1991], 
11.2 % [1992–1996], 9.3 % [1997–2001], p = 0.014) [14].

Key predictors of colectomy in UC include age and 
 disease extent [13]. Colectomy rates are higher in children 
than adults (i.e., at least 20 % at 10 years) perhaps reflecting 
a higher rate of extensive disease in children. Hospital vol-
ume has an impact on surgical outcomes. In a National 
Inpatient Survey study from the US hospitals with low vol-
ume colectomy rates were associated with an increased risk 
of death (adjusted OR relative to high-volume, 2.42; 95 % 
CI, 1.26–4.63), similar to medium-volume hospitals (OR, 
2.02; 95 % CI, 1.02–4.01) [16]. Hence, centralizing IBD care 
in specialty centers may not only reduce surgery rates but 
also surgical mortality rates. It will also be of interest to 
determine how the introduction of therapy with monoclonal 
antibodies to tumor necrosis factor for moderate to severely 
active disease impacts on colectomy rates over the next  
10 years.

 Hospitalization

CD: Trends in hospitalization rates for CD from Europe and 
North America have been inconsistent, likely owing as much 
to differences in health systems as in disease incidence. For 
instance, in Copenhagen County, Denmark between 1962 
and 1987, 83 % of patients with CD were admitted at least 
once within the first year after diagnosis, and then admis-
sions decreased over the next 5 years to a steady rate of about 
20 % per year [17]. However, the local treatment policy in 
effect at the time, encouraged hospitalization for more expe-
ditious diagnosis and management, and so hospitalization in 
that era had a different implication than of a more recent era. 
In a European multi-country referral center prospective fol-
low- up study over 10 years from 1991 (the EC-IBD), the 
cumulative risk of overall hospitalization was 52.7 % at 10 
years from diagnosis, but with considerable differences 
between countries [18].

In a recent population-based study from In Manitoba, 
Canada where there is universal health care coverage for all 
residents for persons with CD diagnosed between 1988 and 
2008, the highest hospitalization rates were within the first 
year of diagnosis and there were no differences among 
those diagnosed during 1988–1995, 1996–2000, or those 
diagnosed after 2001 [11].

In a population-based inception cohort from Olmsted 
County, Minnesota (diagnosed 1970–2004 and followed 
through mid-2009), with a median follow-up of 11.8 years, 
71 % of CD patients were hospitalized at least once, and the 
cumulative risk of hospitalization was 62 % at 5 years and 
71 % at 10 years after diagnosis [19]. Factors associated with 
time to first hospitalization included ileocolonic disease, 
small bowel, or upper gastrointestinal disease (relative to 
colonic only), and fibrostenotic or penetrating complications 
at baseline. Sonnenberg and colleagues analyzed the US 
Veterans Administration (VA) database for CD hospitaliza-
tion patterns among US military veterans over a 32-year 
period [20]. The hospitalization rate peaked in the late 1980s, 
decreased through the 1990s, and remained relatively stable 
over the last 6 years of the study period. Trends in VA data 
are very dependent on American military activity and avail-
ability of heath care to veterans outside of the VA system.

In contrast to these studies, data from Kaiser Permanente 
Northern California (a health maintenance organization) 
suggested that hospitalization rates for CD decreased by 
33 % between 1998 and 2005 [21]. The decrease in hospita-
lization rates in the Kaiser study and the stable rates in 
Manitoba (where disease prevalence rates are rising) support 
the possibility that more aggressive medical therapy accounts 
for these findings, or simply that better health care access for 
subjects in those health systems maintains their disease in a 
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better state with a reduction in need for hospitalizations. 
These trends also may reflect health systems with greater 
incentives to capitate costs and control inpatient manage-
ment. Hence, examining trends in hospitalizations requires 
an understanding of the individual health system, the preva-
lence of the disease within the population and management 
approaches (i.e., availability of different medical therapies 
and aggressiveness of using them).

UC: In a Manitoba population-based cohort of newly 
diagnosed persons with UC in 1987 followed for 15 years, 
31 % were admitted at least once to hospital for an IBD- 
specific diagnosis, and, of those admitted, 51 % were read-
mitted at some point [22]. In the Kaiser Permanente of 
Northern California cohort 20 %, underwent colectomy dur-
ing their initial hospitalization [23]. By 1 year after initial 
hospitalization, 29 % of those who had not undergone colec-
tomy at first hospitalization, were rehospitalized for UC 
(most of which occurred within the first 3 months post dis-
charge) and an additional 10 % required colectomy. By 5 
years after initial hospitalization, 39 % of those who had not 
undergone colectomy after initial presentation, were rehospi-
talized for UC and an additional 15 % required colectomy. 
Hence, for patients with UC that is sufficiently severe such 
that they get hospitalized, for those that do not undergo col-
ectomy there is nearly a one in two chance of being hospital-
ized again.

Superimposed infections remain a risk factor for hospital-
izations and colectomy in UC patients. In a study from the 
Cleveland Clinic, patients with Clostridium difficile infection 
had significantly more UC-related emergency room visits in 
the year following initial infection (37.8 % vs. 4 %), and 
 significantly higher rates of colectomy 1 year following the 
index infection admission (35.6 % vs. 9.9 %), than those 
without the infection [24]. Similar findings were reported 
from Mount Sinai, New York (2004–2005) where subsequent 
UC-related hospitalizations and colectomy rates 1 year after 
initial hospitalization were higher in patients with Clostridium 
difficile infection than those without infection [25].

 Phenotype and Its Impact on Disease Course

 Disease Localization

There is ample evidence that more extensive colon involve-
ment in UC is associated with more aggressive disease and 
worse outcomes in terms of likelihood for developing colon 
cancer or having colectomy [26–31]. Further defining dis-
ease extent in UC is not a difficult ask especially with the 
widespread availability of colonoscopy. It is in CD where 
there is more discussion as to ways to define disease extent 
and its implications. The localization of disease in CD is 
divided as per the widely used Montreal Classification into 

ileal, colonic, ileocolonic and upper gastrointestinal disease 
[32]. The relative distributions of disease location vary by 
jurisdiction; however, in most studies ileocolonic is the most 
common site for disease. Whatever is reported as the relative 
distribution of disease by location remains relatively stable 
over time. The IBSEN study from Norway reported on 
changes in location over 5 years in 14 % [33]. This is not dis-
similar from what Louis et al. reported in a referral popula-
tion from Belgium where location changed in only 16 % by 
10 years and 20 % changed overall [34]. Another oft reported 
finding is that of a high prevalence of upper gastrointestinal 
tract disease in pediatric CD. In a French population based 
cohort of children diagnosed between 1988 and 2002, at 
diagnosis, 63 % had ileocolonic disease and 36 % had upper 
gastrointestinal disease [35]. This is such a high prevalence 
of upper gastrointestinal tract disease that it suggests that 
perhaps they were considering any histologic inflammation 
as being pathological. The European guidelines on diagnos-
tic evaluation for pediatric IBD includes an upper endoscopy 
for all which is much different than the approach in adults 
[36]. Has this practice biased what is perceived to be a higher 
rate of upper GI tract disease in children than adults?

 Disease Behavior

In the Norwegian IBSEN cohort, at diagnosis, 28 % had 
fibrostenosing disease and 12 % had penetrating disease, 
leaving 61 % with inflammatory disease [33] with a change 
in behavior at 5 year follow-up of 14 %. Complicated disease 
(both fibrostenosing and penetrating disease) occurred in 
86 % of those with isolated ileal disease, 30 % of those with 
colonic disease and in 60 % of those with ileocolonic dis-
ease. In the EC-IBD study at diagnosis 16 % had fibroste-
nosing disease and 8 % had penetrating disease and 2 % had 
both. Hence, 74 % had inflammatory disease, a higher 
proportion than the Norwegian cohort [37].

In a referral population from Belgium it was reported that 
90 % of patients present with inflammatory disease but 69 % 
and 88 % had fibrostenosing or penetrating disease by 10 and 
25 years, respectively [34]. In this study 46 % changed 
behavior over 10 years. Penetrating disease was more com-
mon from a colonic only or ileocolonic location than from an 
ileal only location [34] (the exact opposite from the IBSEN 
data). In a French referral cohort the 20 year actuarial rates 
of having inflammatory disease, fibrostenosing disease and 
penetrating disease were 12 %, 18 % and 70 %, respectively 
[38]. Fibrostenosing disease was associated with ileal dis-
ease (HR 2.5, 95 % CI 1.9–3.3) or jejunal disease (HR 3.2, 
95 % CI 2.2–4.7) and penetrating disease with colonic 
 disease on univariate but not multivariate analysis. In the 
Olmsted County cohort diagnosed between 1970 and 1993, 
50 % had fistulas by 20 years [39] and fistulas were more 
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likely to be seen in those with ileocolonic disease than in 
patients with disease at other sites. So how can we reconcile 
that studies from Belgium and France suggest that colonic 
disease location is the key to having penetrating disease and 
from Norway suggests that small bowel disease is associated 
with penetrating disease? To further complicate the issue the 
American study suggests that it is an ileocolonic site most 
associated with penetrating disease.

There is a notion that being diagnosed with CD in child-
hood is predictive of a more aggressive course of disease. In 
a Danish study of childhood onset Crohn’s disease the mean 
yearly operation rate was 13 % with a cumulative probability 
of surgery at 20 years of disease of 47 %, which is not dis-
similar to what is seen in adults [40]. In a French pediatric 
study complicated behavior occurred in 29 % at diagnosis 
(including 4 % with penetrating disease) and 59 % at follow-
 up (including 15 % with penetrating disease). What then has 
driven the notion that children have more aggressive disease 
and worse outcomes than persons diagnosed as adults?

The major flaw in all of these reports regarding phenotype 
regardless of the population being studied is a lack of unifor-
mity in assessing the location and behavior of disease at 
diagnosis in most centers. Some patients have early surgery 
where previously undiagnosed fistulas are identified and 
hence early on are labeled as having penetrating disease 
whereas their diagnostic imaging studies may not have iden-
tified this. The lack of uniformity in methods used to estab-
lish the extent and behavior of disease limits the reliability of 
phenotype data established at time of diagnosis. The varia-
tion of disease behavior from even a single center is best 
reflected in a large French cohort of 2008 patients evaluated 
within 3 months of diagnosis between 1978 and 2002 [41]. 
In each 5 year period the prevalence of fibrostenosing dis-
ease ranged from 5–26 % with a high of 26 % in 1978–1982 
and a low of 5 % in 1998–2002, likely accounted for because 
some with fibrostenosing disease either had surgery for stric-
ture segment removal or evolved to penetrating disease. The 
prevalence of penetrating disease ranged from 29–54 %. 
Another example is an Olmsted County cohort where com-
plicated disease behavior (fibrostenosing or penetrating dis-
ease) at diagnosis was noted for 18.6 % [42]. Within the first 
90 days of follow-up an additional 4.6 % developed fibroste-
nosing complications and an additional 14.1 % developed 
penetrating complications. Hence, 37.3 % of the cohort were 
documented with complicated behavior at 90 days. There 
was no information in this study on which diagnostic tests 
were utilized at diagnosis or within this 90-day period of 
follow-up. It is likely that the doubling of complicated dis-
ease within 90 days reflected delayed testing that brought 
these complications to light. It is unlikely that advancement 
of phenotype occurred within such a short period.

With this in mind, Israeli et al. undertook a study where 
all charts were reviewed from a single referral center  practice 
at a median disease duration of 11.1 years and an analysis 

was undertaken for the location and behavior patterns of 
 disease at diagnosis and over time in children and adults [43]. 
Within 1 year of diagnosis, the proportion of patients with 
upper gastrointestinal involvement and ileocolonic location 
was higher in those diagnosed before age 17 (18.4 %) than 
those diagnosed between 17 and 40 years (10.2 %) or those 
diagnosed after age 40 (2.7 %). The rate of patients that 
underwent imaging with an upper endoscopy in the youngest 
group (37.4 %) was more than twice as high when compared 
to the other groups (those diagnosed over age 17, 14.3 %, 
p < 0.01, and those diagnosed over age 40, 16.9 %, p < 0.01). 
After adjusting for imaging testing, the difference in likeli-
hood of having upper gastrointestinal disease between those 
diagnosed under age 17 and those diagnosed age 17–40 was 
no longer statistically significant (but regardless of imaging 
children had significantly more upper gastrointestinal dis-
ease than those diagnosed over age 40 years). Children had 
more extensive imaging than adults at the time of diagnosis. 
Despite more extensive imaging, complicated disease behav-
ior (fibrostenosing or penetrating disease) was less prevalent 
in children particularly. At the last follow-up complicated 
disease behavior was similar regardless of age at diagnosis 
being under 17, under 40 or over 40 years. To further dispel 
the notion that being diagnosed in childhood carries a worse 
prognosis at final follow-up IBD-related abdominal surgery 
rates were significantly lower for children than those diag-
nosed after age 17 (OR = 0.63, 0.41–0.98) but not compared 
to those diagnosed after age 40 years (OR = 0.71, 0.40–1.27). 
The conclusions of this study were that studying the pheno-
type of CD among different cohorts has to account for the 
differing patterns of diagnostic imaging investigations. 
Further, while children are at increased risk of pan-enteric 
disease, this does not lead to them being more likely to have 
more complicated disease or surgery.

 Can the Disease Phenotype Predict Outcomes?

In a large French cohort ileal location was associated with an 
increased risk for surgery (HR = 2.78, 95 % CI 2.19–3.15) 
[41] and absence of rectal involvement was associated with 
a decreased risk for surgery in this cohort (HR = 0.34, 95 % 
CI 0.27–0.43). In the Norwegian IBSEN cohort being less 
than 40 years at diagnosis, having fibrostenosing or penetrat-
ing disease and terminal ileum disease were associated with 
higher risk for surgery [44]. It was also shown that age less 
than 40 years at diagnosis and need for corticosteroids dur-
ing the first presentation in IBSEN and age less than 40 years 
at diagnosis in the EC-IBD were associated with higher 
relapse rates [37, 44]. While it is useful to know that persons 
less than 40 years at diagnosis have more aggressive disease 
than older persons at presentation, since the peak age of 
 incidence is the third decade and the majority of CD patients 

have presented by age 40, more refined predictors than age 
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less than 40 years would be required to help identify those 
requiring earlier, more aggressive therapy. No studies have 
reported that sex impacts on disease outcome except for a 
Swedish study that suggested that females have a higher 
likelihood of postoperative recurrence [45].

Perianal disease is often debilitating and for sure impacts 
on quality of life. Patients with perianal fistulas in a Swedish 
study were at an increased risk for chronic continuous disease 
and also for surgery [46]. Patients with isolated colonic dis-
ease were more likely to have perianal disease in studies from 
both Sweden and Manitoba and elsewhere [46–48]. In a US 
referral population having penetrating disease (including both 
luminal and perianal fistulas) compared to fibrostenosing dis-
ease increased the risk for-postoperative recurrence [49].

Having small bowel disease seems to pose other disease 
outcome risks compared to colonic disease. Patients with 
small bowel only and ileocolonic disease have an increased 
risk of hospitalization compared to patients with isolated 
colonic disease [50, 51], an increased risk of evolution from 
inflammatory to fibrostenosing or penetrating disease [50], 
an increased risk for surgery [37] and an increased risk of 
post-operative recurrence [45].

In the Manitoba IBD Cohort Study a 15 year population 
based study following 182 participants with CD serially 
65 % had complicated CD and 42 % underwent surgery [52]. 
To assess for predictors of adverse outcomes [complicated 
disease (fibrostenosing/penetrating disease) or surgery] the 
model included psychological parameters, phenotype, sero-
logical markers (antibodies from the Prometheus panel) and 
genotypes for the most common genetic mutations in CD. 
Multivariate analysis indicated that only ileal CD was 
 predictive of fibrostenosing/penetrating behavior (OR = 2.2; 
95 % CI: 1.07–4.54, p = 0.03); but in fact ASCA IgG sero-
positivity was more strongly predictive (OR = 3.01; 95 % 
CI: 1.28–7.09; p = 0.01). Complicated (fibrostenosing/ 
penetrating) CD behavior was strongly associated with sur-
gery (OR = 5.6; 95 % CI: 2.43–12.91; p < 0.0001) while in 
multivariate analysis, only positive serum ASCA IgG was 
associated (OR = 2.66; 95 % CI, 1.40–5.06, p = 0.003) [52]. 
Others have also found an association between antibodies to 
microbes as predictive including using quartile sum scores 
of all antibodies [37, 53–57]. Whether ASCA alone, as in 
this Manitoba study, is as good as a combination of antibod-
ies, remains to be proven. The lack of predictive value of 
genetic mutations compared to other markers such as sero-
logical antibodies has been reported elsewhere [53, 58]. In 
the Manitoba study smoking was not predictive of an 
adverse outcome. This is contrary to what is widely consid-
ered in CD [59].

 Disease Activity Over Time: Monitoring Both 
Symptoms and Mucosal Inflammation

In a Danish inception cohort of 373 CD patients diagnosed 
between 1962 and 1987, in the first year after diagnosis, 
80 % had high disease activity, 15 % had low activity and 5 % 
were in remission. After the first year, only 30 % had high 
disease activity, and 55 % were in remission [17]. The relapse 
rate within the year of diagnosis and over the following 2 
years correlated positively with relapse rate over the ensuing 
5 years (p = 0.00001). Over years 3–7 after diagnosis 25 % 
had active disease every year, 22 % were in remission and 
53 % had fluctuating courses. The probability of a relapse- 
free course decreased from 22 % over 5 years to 12 % over 
10 years. Only 4 % at 5 years and 1 % at 10 years had con-
tinuously active disease and only 13 % had a relapse free 
course. So having some fluctuation of disease activity 
occurred in the majority. Approximately half of patients with 
active disease could expect to be in full remission by 3 years. 
These are not very promising data but they are also from an 
era with limited use of effective maintenance therapies. Even 
during that era of limited therapy, only 20 % of subjects in 
the first 7 years had active disease every year while 67 % of 
subjects had a fluctuating disease course. However, having 
active disease in one year predicted that 70–80 % would have 
active disease the next year, while being in remission in one  
year predicted that 80 % would be in remission the next year. 
Whether or not a person was in remission or had active dis-
ease was independent of age, sex, location of disease. The 
Norwegian IBSEN cohort provides some insight into CD 
patients diagnosed between 1990 and 1994 and followed for 
a median of 10 years. The cumulative relapse rates were 
53 %, 85 %, and 90 % at 1, 5, and 10 years, respectively [44]. 
Sex, smoking status, disease location, and disease behavior 
at diagnosis did not predict relapse rates. In the second 5 
years of follow-up 25 % did not use any medications and this 
was not significantly impacted on by age, disease location, or 
disease behavior at diagnosis. As many as 44 % were in clini-
cal remission during the second 5 year follow-up period and 
the majority of them did not use any immunosuppressive 
therapy. Age at diagnosis over 40 years was associated with 
a greater likelihood of remission in years 6–10. Surgery for 
active Crohn’s disease within the first 5 years from diagnosis 
did not influence the proportion in remission in the second 5 
years. In the IBSEN cohort of persons with UC mucosal 
healing at 1 year was also associated with reduced colectomy 
rates (OR = 0.22, 95 % CI 0.06–0.79) [26].

In the European Inception Cohort (EC-IBD) of 358 sub-
jects with CD enrolled in 1991–1993, at a median of 10 years 
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follow-up, 27 % had no recurrence [37]. The cumulative 
recurrence rates at 1, 5, and 10 years, respectively were 34 %, 
69 %, and 77 %, respectively, all somewhat lower than in the 
Norwegian study of the same era. In the EC-IBD Study 
(n = 358) 27 % experienced no recurrence after diagnosis and 
18 % had only one recurrence [37], although these may be 
underestimates since the study allowed for subjects to self- 
treat and not report if a mild flare of disease occurred. First 
recurrence rates occurred in 34 % by 1 year and 78 % by 10 
years. For those who had surgery, recurrence rates were 6 % 
at 1 year and 63 % by 10 years. Within the first 5 years from 
diagnosis 25 % had undergone surgery. Of those who had 
surgery within 10 years from diagnosis, it occurred in the 
first year in 25 %. Of those who had surgery, second surger-
ies occurred in 18 %, 32 %, and 54 % by 1, 5, and 10 years, 
respectively. For each of first, second, and third recurrences 
the time interval between recurrences progressively short-
ened. Hence, relapse rates can positively influence further 
relapse rates. People who quit smoking were protected from 
first recurrence rates (p = 0.01). Patients with upper gastroin-
testinal disease had an excess risk of disease recurrence (haz-
ard ratio, HR = 1.54, 95 % confidence interval, CI 1.13–2.1) 
and nearly all of those patients had non-penetrating disease. 
Subjects with isolated colonic disease had a reduced risk  
for surgical resection (HR = 0.38, 95 % CI 0.21–0.69). Age 
greater than 40 years at diagnosis was protective against 
relapse of disease (HR = 0.82, 0.7–0.97).

It is difficult to summarize all of these population based 
studies in a uniform statement. Follow-ups are available to 
about 2004. Through the 1970s to the 1990s it could be esti-
mated that 15 % of patients remain in long-lasting remission, 
while 50 % have mild disease, or rare or occasional relapse. 
At least two thirds of patients have easily managed disease 
from an era of no biological drugs and little use of immuno-
suppressives. It was only 10 % or so that had chronically 
active or difficult to manage disease. The remaining 25 % 
had fluctuating disease with substantive relapses interspersed 
with periods of remission. It is this one third of patients that 
may be most impacted by more aggressive therapy. However, 
a key caveat to interpreting these data is considering how 
active disease was defined. For the most part it was likely 
based on symptoms. We have learned from clinical trials that 
when active inflammation is not rigorously identified there is 
a risk either that the interventions will have minimal effect or 
that the interventions will have large effects but they will be 
no different than that seen with placebo [60, 61].

So while clinicians and clinical trials use noninvasive 
markers of inflammation such as fecal calprotectin and 
serum C reactive protein there has been increasing enthusi-
asm to treating patients until their mucosal inflammation is 
mostly or completely resolved. Surely clinicians are keen to 
see that their patient’s symptoms are settled and they are in a 
symptomatic remission but terms such as deep remission 

have been invoked to describe when an asymptomatic state 
is matched by a lack of intestinal inflammation. The impor-
tance of a patient’s psychological state driving their symp-
toms but not necessarily their inflammatory disease was 
underscored by two key studies from Manitoba [62, 63]. In a 
population based survey study of approximately 600 persons 
with IBD every 3 months for 1 year the only variable that 
was associated with a flare of symptoms 3 months later was 
a high perception of stress. Having an infection, using antibi-
otics, or using nonsteroidal anti-inflammatory drugs were 
not associated with symptomatic flares. In a subsequent 
study where approximately 480 persons completed surveys 
and sent in stool samples every 3 months for 6 months high 
stress was associated with a flare of symptoms but not with 
active inflammation (as measured by fecal calprotectin). In 
fact symptoms only weakly correlated with inflammation in 
UC and did not correlate with inflammation in CD. These 
studies highlight two key messages. One is that when patients 
are symptomatic it is critical to discuss their psychosocial 
health and how they are dealing with their life stress and 
secondly that before increasing anti-inflammatory or immu-
nomodulating therapy in patients whose symptoms are 
increased it is important to document that their inflammation 
is at least partly driving their symptoms. While symptoms 
may exist in the absence of inflammation, inflammation may 
exist in the absence of symptoms. It is debatable as to the 
optimal approach whether it is in CD or UC when areas of 
intestinal inflammation are discovered in an asymptomatic 
patient. Firstly, how much inflammation is enough inflam-
mation that is worth treating? Is the goal complete mucosal 
healing or can we settle for a marked reduction in ulceration 
and inflammation? It is easier to convince oneself as the cli-
nician and also to convince the patient who is asymptomatic 
that enhanced treatment is worthwhile if for instance sero-
logical markers such as anemia or hypoalbuminemia coexist 
suggesting that the inflammation is having adverse impact.

Regardless, of whether the patient is prepared to “step up” 
therapy there is increasing evidence that patients whose 
mucosa gets healed have better outcomes in the long term. In 
a nested sample of the original “top down step up study” 
reported by D’Haens et al. [64], of the study cohort who 
underwent endoscopy at the end of 2 years (n = 49), the pres-
ence of mucosal healing at 2 years significantly predicted a 
greater likelihood of steroid-free remission in those followed 
out to 3–4 years (OR = 4.35, 1.10–17.22) [65]. Of interest 
though when mucosal healing was diagnosed at 2 years only 
52 % of those in clinical remission (n = 31) had mucosal heal-
ing (reconfirming older information of the potential to feel 
clinically well while having active mucosal disease). Perhaps 
more perplexing was that of 11 patients without a clinical 
remission 73 % had mucosal healing. Hence do these patients 
have active mucosal disease out of the colonoscope’s reach 
or do they have functional symptoms?
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Another example showing the predictive value of  mucosal 
healing was from the IBSEN Cohort from Norway. There 
were 141 patients with CD who underwent endoscopic 
 evaluation at 0.5 and 1 years post diagnosis and 50 who 
underwent endoscopy at 5 years [66]. Mucosal healing at 
0.5 years did not predict relapses, complications or surgery. 
Mucosal healing at 1 year, however, was associated with less 
endoscopic disease at 5 years and less need for subsequent 
corticosteroids. Corticosteroid use at diagnosis was associ-
ated with a significant reduction by 70 % of mucosal healing 
at 1 year. However, conclusions from this retrospective study 
are confounded by the issue as to whether corticosteroids per 
se reduce mucosal healing or that corticosteroids are used for 
more severe disease. Further, only 20 % of this cohort had 
isolated ileal involvement and assessment of predictability 
of mucosal healing for this subgroup was not undertaken [66].

Mucosal healing or by corollary mucosal recurrence can 
predict postoperative recurrence. The recent randomized 
trial in postoperative CD from Australia and New Zealand 
study showed that when patients’ therapy is guided by rou-
tine endoscopic surveillance 6 months post-surgery in CD 
the outcomes are better than symptom based intervention 
[67]. All of this means that there is a need to continue to 
survey patients who are well with CD with noninvasive test-
ing (such as fecal calprotectin, serum CRP) and with cross- 
sectional imaging and endoscopy to determine when active 
inflammatory disease is emerging. Surveillance intervals and 
the optimal therapy to achieve mucsal healing all need to be 
determined. However, this is the new frontier in terms of 
“natural history” in IBD. We cannot define the natural his-
tory of untreated IBD because we do not follow enough 
untreated IBD to understand or be able to predict outcomes 
in that scenario. However, we can accrue data on the “evolv-
ing history of treated IBD.” Especially now that we are deter-
mining the effect of mucosal inflammation regardless of 
symptoms, we are gaining even further insights into the 
evolving history of both treated and undertreated IBD. In 
fact there are a substantive number of patients who are in a 
sufficiently deep remission that they do not use any IBD- 
specific medications [68]. An ultimate goal is to find how we 
can sufficiently heal the disease that patients can withdraw 
from medications altogether.
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 Introduction

Sulfasalazine (Salazosulfapyridine, SASP) is a prodrug 
composed of a molecule of 5-aminosalicylic acid (5-ASA) 
and sulfapyridine, linked by an azo bond. It was aimed to the 
treatment of rheumatic diseases such as rheumatoid arthritis 
and ankylosing spondylitis. When taken orally, anaerobic 
intestinal bacteria split the azo bond, releasing the two com-
ponents 5-ASA and sulfapyridine, the former being the 
active anti-inflammatory component [1]. Because the lower 
G-I tract—terminal ileum and colon—are the areas of the 
gut with the highest commensal bacteria concentration 
(1010–1014 cfu/mm3), it was assumed that the 5-ASA moiety 
would exert its anti-inflammatory activity in the inflamed 
and ulcerated areas of the intestine where the active compound 
would be released [2, 3].

 Mechanisms of Therapeutic Action

The mechanism of action of SASP and its metabolites is not 
well understood [4], especially their systemic effect on rheu-
matic diseases, since 5-ASA is poorly absorbed into the 
bloodstream [3]. The fact that the active molecule is particu-
larly effective when administered topically into the rectum, 
as enema or suppository, supports this concept. It has been 
reported that SASP and its metabolites decrease eicosanoid 

synthesis [5–7], cytokine expression [8–10], and NF-kB 
activation [11, 12].

The antioxidant effects of SASP are well established 
which are probably due to its scavenging effects against 
reactive oxygen and nitrogen species (ROS and RNS), as 
well as metal chelating properties, and its inhibitory effects 
over neutrophil oxidative burst [13, 14]. A study compared 
the potential scavenging activity mediated by SASP and its 
metabolites 5-ASA and sulfapyridine on ROS and RNS, 
using validated in vitro screening systems [15]. SASP and its 
metabolite 5-ASA, but not sulfapyridine showed ROS- and 
RNS-scavenging effects which may be a contributing mech-
anism of its anti-inflammatory effects through the prevention 
of the oxidative/nitrative/nitrosative damages caused by 
these species [15].

 Clinical Evidence

As mentioned, the fact that the effect of anaerobic bacteria is 
necessary to “activate” SASP explains why it has been used 
in ulcerative colitis where it has been shown to be effective 
in both inducing remission of active disease and preventing 
relapse in inactive patients. However, the role of SASP in the 
treatment of mild or moderate Crohn’s disease is controversial 
still nowadays [16].

SASP was used in the treatment of active Crohn’s disease 
on the belief that it would benefit of a treatment that has been 
effective in active ulcerative colitis, provided the similarity 
of mucosal lesions between both diseases. On the other hand, 
in the early sixties there were no other drugs available for 
such conditions, except for corticosteroids. Since Crohn’s 
disease may affect independently the colon, the terminal 
ileum or both together, and both areas contain a high anaero-
bic bacteria concentration, it is logical to assume that the 
prodrug could be split by them in both locations and locally 
release 5-ASA. Some observational studies were published 
in the sixties and early seventies of the last century [17–19] 
to assess the effectiveness of SASP for both inducing and 
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maintaining remission in Crohn’s disease. Also in this 
decade, controlled trials were also performed with different 
designs to ascertain its effect as adjunctive therapy in active 
disease or as maintenance treatment, most of them with a 
small and heterogeneous group of patients [20, 21].

The first solid evaluation of the effect of SASP on Crohn’s 
disease comes from two large studies: the American National 
Cooperative Crohn’s Disease Study (NCCDS) [22] and the 
European Cooperative Crohn’s Disease Study (ECCDS) [23].

The NCCDS compared the efficacy of SASP, prednisone 
and azathioprine with placebo, and showed that prednisone 
(0.25–0.75 mg/kg adjusted to disease activity) was superior to 
SASP (1 g/15 kg), and that SASP, but not azathioprine 
(2.5 mg/kg), was superior to placebo, in inducing 16-week 
clinical remission of Crohn’s disease [22]. Subgroup analyses 
suggested that patients who had been treated with steroids 
previously failed to respond to SASP, while those who had 
not taken steroids at entry responded to SASP significantly 
better than placebo [22]. Patients with involvement limited to 
the colon responded to SASP better than to placebo, while 
those who had disease located only in small bowel were less 
likely to benefit from this therapy [22]. None of the treat-
ments—including SASP—proved to be better than placebo 
for preventing clinical relapse in inactive disease [22].

The ECCDS randomized patients to treatment with 
6-methylprednisolone (48 mg/day weekly, tapering to 8 mg/
day) alone, 6-methylprednisolone in combination with SASP 
(3 g), SASP alone, or placebo. Effects on active disease 
where assessed at 6 weeks, whereas inactive patients were on 
therapy for 2 years or until relapse. 6-Methylprednisolone 
proved the most effective therapy for inducing remission 
[23]; in subgroup analyses it was significantly more effective 
than SASP for patients who had been previously treated with 
steroids, for those who had disease only in the small bowel, 
and for those with disease in the small bowel and colon [23]. 
The combination of the steroids plus SASP was most effec-
tive in previously untreated patients and when the disease 
was located in the colon [23]. SASP alone was the least 
effective active treatment regimen. No therapeutic regimen 
was better than placebo for inactive disease [23].

Other controlled trials in patients with active Crohn’s 
disease have confirmed some of the conclusions of these 
subgroup analyses by demonstrating that SASP is not an 
effective adjunctive therapy to prednisone [21], whereas 
prednisolone is an effective adjunctive therapy to SASP 
[24], probably because corticosteroids are more effective 
therapies than SASP. In another small, comparative study of 
SASP (4–6 g/day) with placebo, van Hees et al. showed that 
62 % of patients treated with SASP had a favorable response 
after 26 weeks compared with 8 % of placebo-treated 
patients [25].

In 2010, meta-analysis pooled the available data on the 
effect of different salicylates in mild-to-moderate active 

Crohn’s disease [26]. SASP was more likely to induce remis-
sion (RR: 1.38; 95 % CI: 1.02–1.87; n = 263) compared to 
placebo, with benefit confined mainly to patients with colitis, 
while it was less effective than corticosteroids (RR: 0.66; 
95 % CI: 0.53–0.81; n = 260) [26]. Interestingly, however, the 
performance of SASP was better than that of mesalazine, 
either at low or high dose. Low-dose mesalazine (1–2 g/day) 
was not superior to placebo (RR: 1.46, 95 % CI: 0.89–2.40; 
n = 302) and was less effective than corticosteroids. High- 
dose mesalazine (3–4.5 g/day) was not superior to placebo 
for induction of remission (RR: 2.02; 95 %: CI 0.75–5.45) or 
response (Weighted mean difference: −19.8 points; 95 % CI: 
−46.2 to 6.7; n = 615). The authors conclude that SASP 
shows modest efficacy for the treatment of active Crohn’s 
disease [26]. In a more recent meta-analysis, Ford et al. [27] 
just showed a trend towards a benefit with sulfasalazine over 
placebo (two RCTs, RR of failure to achieve remission = 0.83; 
95 % CI = 0.69–1.00), and also no definite benefit of mesala-
zine over placebo (four RCTs, RR = 0.91; 95 % CI = 0.77–
1.06). Neither sulfasalazine nor mesalazine was effective in 
preventing quiescent CD relapse [27] However, a direct com-
parison between SASP and mesalazine in mild-to-moderate 
active Crohn’s disease has never been performed.

Another setting where aminosalicylates have been assayed 
is the prevention of postoperative recurrence of Crohn’s dis-
ease after resection and ileo-colonic anastomosis. A meta-
analysis has pooled the data of 11 trials, five of them using 
SASP [20, 28–31], with a total of 1282 patients [32]. The RR 
of relapse of Crohn’s disease in remission after surgery with 
aminosalicylates vs. placebo or no therapy was 0.86 (95 % CI: 
0.74–0.99) (NNT = 13). As opposite to treatment of active 
disease, SASP was of no benefit in preventing relapse (RR: 
0.97; 95 % CI: 0.72–1.31; n = 448), whereas mesalazine was 
more effective than placebo or no therapy (RR: 0.80; 95 % CI: 
0.70–0.92; n = 834), with a NNT = 10 [32]. The authors con-
clude that mesalazine has only a modest effect in preventing 
postoperative recurrence in Crohn’s disease and should be 
used in patients in whom immunosuppressive therapy is 
either not warranted or contraindicated [32].

 Recommendations for Clinical Practice

On the light of the available evidence, both experts [33, 34] 
and consensus-based guidelines [16] recommend the use of 
high-dose (3–6 g/day) SASP in Crohn’s disease only for 
patients with mild disease confined to the colon. Other 
authors, however, do not give any chance to SASP and its 
metabolites in the management of active Crohn’s disease 
[35]. Anyway, SASP should be used in the short term, and 
active disease beyond 16 weeks of therapy should be consid-
ered a therapeutic failure. In addition, SASP are ineffective 
as maintenance therapy after both medically and surgically 

M.A. Gassull and E. Cabré



313

induced remission (in the latter setting, mesalazine may have 
a minor role).

In addition, SASP may have a role in the management of 
Crohn’s disease patients with associated arthropathy. 
However, recent review of the available evidence indicates 
that its usefulness is confined to some patients with periph-
eral arthropathy, or in those with early ankylosing spondyli-
tis (i.e., those with higher levels of ESR or active disease) 
[36]. Advanced disease does not benefit from this drug since 
no effect on physical function, pain, spinal mobility, or 
enthesitis has been observed [36].

Side effects of SASP include headache, epigastric pain, 
nausea, vomiting, skin rash, fever, hepatitis, autoimmune 
hemolysis, aplastic anemia, leucopenia, agranulocytosis, 
pancreatitis, pharmacological systemic lupus erythematosus, 
sulfonamide-induced toxic epidermal necrolysis, Stevens–
Johnson syndrome, pulmonary dysfunction, and male infer-
tility [37, 38]. Most of the side effects of SASP can be 
attributed to the systemic absorption of sulfapyridine and the 
adverse effects occur more frequently in patients who are 
genetically predisposed to “slow” acetylation of sulfapyri-
dine to N-acetylsulfapyridine in the liver [37]. Some of the 
side effects (headache, nausea, vomiting, and epigastric 
pain) are dose related and can be minimized by gradual dose 
escalation [38]. It is well known than SASP reduces folate 
absorption [39, 40]. Thus, folate supplements should be 
administered in patients on SASP therapy. Nephrotoxicity, 
mainly as interstitial nephritis, has been reported in patients 
on aminosalicylate therapy. However, a systematic review of 
studies with regular monitoring of serum creatinine and cre-
atinine clearance showed that its frequency is low, with a 
mean annual rate of only 0.26 % (95 % CI: 0.13–0.5 %) per 
patient-year [41]. The lack of relationship of this complica-
tion with dose suggests that it depends on idiosyncratic 
mechanisms [41]. Anyway, in spite of its low frequency, 
periodic monitoring of serum creatinine is advised [42].
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Steroid Therapy for Crohn’s Disease

A. Hillary Steinhart

Steroids are a class of hormones that are normally produced in 
a variety of organs in the human body. They have a number of 
different physiologic properties that are determined by the 
nature of the molecular substitutions at several points around 
the backbone ring structure that is common to all steroids. The 
steroid hormone cortisone is produced by the adrenal cortex 
and, in additional to promoting catabolic metabolism, it also 
demonstrates several anti-inflammatory properties. It is these 
properties that provide the potential for therapeutic use of ste-
roids in Crohn’s disease and a variety of other inflammatory 
and autoimmune disorders. Cortisone is rarely used clinically 
to treat Crohn’s disease, but a number of synthetically altered 
forms of steroids are frequently utilized as therapeutic agents. 
These pharmacologic agents typically have modifications that 
enhance their potency by increasing their affinity for binding 
of the steroid receptor, that alter their excretion or elimination, 
or that change their relative glucocorticoid and mineralocorti-
coid effect. The most commonly used of the systemically 
administered and active steroids are prednisone, prednisolone, 
methylprednisolone, and hydrocortisone. Budesonide, a 
highly potent and topically active steroid, is also used as one 
of several controlled release preparations for treating Crohn’s 
disease, particularly when inflammation is confined to the ter-
minal ileum and the ascending colon.

 Induction Therapy

 Conventional Steroids

Steroids are very effective at reducing inflammation and 
alleviating symptoms in patients with active intestinal 
Crohn’s disease. They have been in use for the treatment of 

Crohn’s disease for well over half a century and generally 
have the advantage of being effective in treating active 
inflammation in a number of different locations throughout 
the gastrointestinal tract as well as treating some of the 
extraintestinal manifestations of Crohn’s disease. Despite 
the widespread use of steroids there have been relatively few 
randomized controlled trials that have both demonstrated 
their effectiveness and provided clear guidance with respect 
to optimal dosing, duration of therapy and tapering regi-
mens. The effectiveness of steroids in treating active Crohn’s 
disease was confirmed by the first part of the National 
Cooperative Crohn’s Disease Study (NCCDS) in the USA 
[1], and by the European Cooperative Crohn’s Disease Study 
(ECCDS) [2].

In the NCCDS, Part 1, Phase 1 the effectiveness of pred-
nisone, sulfasalazine, and azathioprine were compared to 
placebo in treating patients with symptoms of active Crohn’s 
disease over a 17 week study period [1]. In the steroid treated 
arm the dose of prednisone was based upon the baseline dis-
ease activity with 0.5 mg/kg used for those patients with 
mild to moderate disease activity (Crohn’s disease activity 
index score between 150 and 300) and 0.75 mg/kg for those 
with more severe disease activity (Crohn’s disease activity 
index score greater than 300). The maximum daily dose of 
prednisone was 60 mg. A complex analysis of outcome rank-
ings demonstrated superiority to placebo for both prednisone 
and sulfasalazine. Using that analytical method it appeared 
that prednisone was particularly effective in patients with 
small intestinal involvement but not terribly effective in 
patients with only colonic involvement. When the more con-
ventional outcome assessment of the proportion of patients 
in remission by the end of the 17-week study period was 
used, only prednisone was found to be superior to placebo 
with approximately 62 % of patients in remission (Crohn’s 
disease activity index below 150) compared with approxi-
mately 30 % in the placebo arm using life table analysis. 
Using simple proportional analysis 47 % of prednisone- 
treated patients and 26 % of placebo-treated patients were in 
remission at week 17.

A.H. Steinhart, M.D., M.Sc., F.R.C.P.(C) (*) 
IBD Centre, Mount Sinai Hospital and Department of Medicine, 
University of Toronto, Room 445, 600 University Avenue, 
Toronto, ON M5G 1X5, Canada
e-mail: hsteinhart@mtsinai.on.ca

29

mailto:hsteinhart@mtsinai.on.ca


316

In the induction phase of the European Cooperative Crohn’s 
Disease Study (ECCDS) patients with active Crohn’s disease 
were randomized to receive 6-methylprednisolone, sulfasala-
zine, combination 6-methylprednisolone and sulfasalazine, 
or placebo for 6 weeks [2]. The 6- methylprednisolone was 
initiated at 48 mg per day and tapered to a dose of 12 mg per 
day over the 6-week study period. Patients initially random-
ized to the steroid arm who were in remission at the end of the 
acute phase (CDAI < 150) were then continued on mainte-
nance 6-methylprednisolone 8 mg per day. Two increases in 
steroid dose back to 48 mg per day followed by repeated 
attempts at tapering were permitted in the 6-methylpredniso-
lone-treated patients who were not in remission by the end of 
6 weeks. Treatment with 6-methylprednisolone was found to 
be effective in inducing remission and was superior to sul-
fasalazine when Crohn’s disease was located in the small 
intestine or both small and large intestine. In patients with only 
colonic disease location the combination of 6-methylpredniso-
lone and sulfasalazine was the most effective treatment. 
Overall, 83 % of patients in the steroid treated arm were in 
remission at the end of 18 weeks as compared with 32.9 % of 
patients in the placebo arm.

Pooled analysis of the steroid induction studies demon-
strated a twofold increased likelihood of remission induction 
with steroids as compared with placebo and a number needed 
to treat of 3.33 [3].

Many potential side effects of prednisone were recognized 
and described within the context of the induction therapy 
phase (Part 1, Phase I) of the NCCDS with moon face reported 
in 47 % of patients, striae in 6 %, ecchymoses in 17 %, acne in 
30 %, infection in 27 %, muscle weakness in 9 %, hirsutism in 
7 %, and polyuria in 15 % [1]. However, the use of prednisone 
in that trial was not consistent with what would currently be 
considered to be standard practice in that no tapering of the 
dose was permitted over the 17-week trial period. The high 
cumulative steroid dose, particularly in patients with higher 
disease activity scores at baseline, may have contributed to 
the very high rate of steroid associated side effects. Combining 
the adverse event results of the NCCDS and ECCDS demon-
strated an almost fivefold increased risk of adverse events in 
steroid-treated patients as compared to placebo [3]. Although 
most of these did not result in patient withdrawal from the 
studies, the use of steroids was associated with a trend toward 
greater withdrawal rates in steroid-treated patients.

The optimal form of systemically acting steroid therapy 
has not been determined and the choice of specific steroid 
preparation typically depends upon local experience. 
Steroids can also be administered intravenously (e.g., hydro-
cortisone, 6-methylprednisolone) to hospitalized patients 
with more severe disease or more acute presentations but the 
superiority of intravenous administration has not been 
proven. Its main advantage is that it can be given to patients 
who are not able to tolerate oral intake.

The optimal dose of steroids for the treatment of active 
Crohn’s disease has not been established. In the National 
Cooperative Crohn’s Disease Study, where a dose of predni-
sone of 0.5 mg/kg per day was used in patients with mild to 
moderate disease activity and 0.75 mg/kg per day (up to a 
maximum of 60 mg) was used in patients with moderate to 
severe disease activity, remission was achieved in 62 % of 
patients over 17 weeks of treatment [1]. However, in an 
unblinded single arm study from France, prednisolone was 
used at a dose of 1 mg/kg for between 3 and 7 weeks with 
induction of remission observed in 92 % [4]. This raises the 
possibility that the upper ranges of the steroid dose–response 
relationship has not been completely elucidated and that 
doses greater than the usual 40–60 mg per day of prednisone, 
or its equivalent, may provide additional benefit. Despite this 
possibility daily doses of steroid higher than the equivalent 
of 60 mg of prednisone are usually not recommended in the 
current environment when alternative induction therapies are 
available for Crohn’s disease patients.

In the acutely ill patient it is important to sufficiently 
exclude the presence of an abscess or systemic sepsis before 
initiating any form of systemic steroid. In the European 
Cooperative Crohn’s Disease Study, of the five deaths that 
occurred during or shortly after the study period, three 
occurred in patients treated with steroids who had a palpable 
abdominal mass prior to initiation of therapy [2]. No routine 
imaging was performed prior to study entry and, as a result, 
it is quite likely that these masses could have represented 
Crohn’s related abscesses or collections that were not prop-
erly managed with drainage and antibiotic therapy prior to 
initiation of prednisolone.

Topical rectally administered steroids, in the form of liquid 
or foam enemas, can also be used as adjuvant therapy in con-
trolling local symptoms in patients with distal colonic or rec-
tal Crohn’s disease. However, there is no evidence that this is 
an effective strategy and their use is based upon extension of 
the data from ulcerative colitis.

 Budesonide

For patients with ileal or ileocolonic Crohn’s disease the use 
of the controlled ileal release preparation of the topically 
active steroid budesonide is an effective treatment for con-
trolling symptoms of active disease. When administered at a 
dose of 9 mg per day budesonide was shown to be more 
effective than placebo [5] and mesalamine [6]. Another pla-
cebo controlled trial demonstrated a trended towards higher 
remission rates on budesonide 9 mg once daily (46.2 %) and 
4.5 mg twice daily (51.9 %) as compared with placebo 
(31.7 %) but this was not statistically significant [7]. A small 
Japanese trial showed a trend toward higher rate of clinical 
remission in patients receiving budesonide 9 mg per day 
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compared with placebo (23.1 % versus 11.5 %) after 8 weeks 
of therapy in patients with ileal, ileocecal, or ascending colon 
involvement [8].

Doses greater than 9 mg per day do not appear to have any 
further therapeutic gain and may be associated with a greater 
incidence of steroid associated side effects and adrenal sup-
pression [5, 8].

Another trial compared 16 weeks of budesonide 9 mg 
daily to mesalamine 2 g twice daily for control of active ileal 
or ileocolic Crohn’s disease and demonstrated clear superi-
ority for budesonide with 62 % of budesonide-treated patients 
and 36 % of mesalamine-treated patients in remission at the 
end of the study period [6]. Severe and serious adverse events 
were observed less often in budesonide-treated patients. Ten 
percent of budesonide-treated patients had abnormal ACTH 
stimulated cortisol testing at the end of 16 weeks of 
treatment.

Budesonide that is absorbed from the intestinal lumen 
into the portal circulation undergoes high first pass metabo-
lism through the liver leading to the production of inactive 
metabolites. It is this high first pass metabolism that likely 
results in the favorable short term safety profile with steroid 
associated side effects seen no more frequently on a 9 mg 
daily dose as compared with patients receiving placebo. 
However, the 9 mg daily dose of budesonide resulted in a 
lowering of basal plasma cortisol levels in two trials [5, 6] 
and in another trial a smaller proportion of patients receiving 
budesonide had normal adrenal function after 8 weeks (53 % 
versus 83 %) [7]. Both placebo controlled trials demonstrated 
a reduction in ACTH stimulated plasma cortisol levels in 
patients treated with budesonide [5, 7]. Given the demon-
strated subclinical degree of adrenal suppression the use of 
adrenal replacement therapy for patients undergoing surgery 
or other severe physiologic stresses should be considered in 
patients currently or recently on budesonide at a dose of 
9 mg per day.

When compared directly to the use of conventional sys-
temic steroids in patients with ileal and ileocolic Crohn’s 
disease it appears that budesonide controlled ileal release 
formulation may produce somewhat less reduction in disease 
activity [9], although another study showed roughly equiva-
lent efficacy [10]. In both studies, induction of remission was 
slightly less frequent with budesonide than with predniso-
lone, although the differences were not statistically signifi-
cant [9, 10]. In the study of Rutgeerts and colleagues, fewer 
steroid associated side effects and less suppression of morn-
ing cortisol levels were observed on budesonide as compared 
with conventional steroids [9]. In the study of Campieri, ste-
roid associated side effects were observed at similar frequen-
cies in patients treated with budesonide and those treated 
with conventional steroids, although moon face was observed 
much more frequently on prednisolone [10]. Adrenal sup-
pression, as measured by short ACTH stimulation test, was 

more frequent in patients treated with conventional systemic 
steroids [10].

A third small study of the controlled ileal release prepara-
tion of budesonide was carried out in pediatric patients with 
active Crohn’s disease [11]. In that study the starting dose of 
prednisolone, the comparator conventional steroid, was 
adjusted between 20 and 40 mg per day according to the 
patient’s body weight. All patients in the budesonide arm 
received 9 mg per day for 8 weeks. The proportion of patients 
who achieved clinical remission by the end of 8 weeks was 
higher in the prednisolone treated arm (71 % versus 55 %) 
but this was not statistically significant [11]. Possible steroid 
associated side effects were noted in 77 % of the prednisolone- 
treated patients compared with 50 % of the budesonide- 
treated patients. In particular, moon face and acne were much 
less frequent in the budesonide-treated patients. Similar to 
the adult studies, mean morning cortisol levels were higher 
in the budesonide-treated patients. Sixty-two percent of 
patients receiving budesonide had abnormal ACTH stimu-
lated cortisol test results at the end of 8 weeks, indicating 
some degree of adrenal suppression, but this prevalence was 
less than the 89 % seen in prednisolone-treated patients.

Budesonide has also been formulated using a pH- 
dependent release mechanism and has been compared 
directly with mesalamine [12] and with conventional sys-
temic steroids in patients with active Crohn’s disease [13, 
14]. The pH-dependent release budesonide was found to be 
noninferior to mesalamine 4.5 g per day in 309 patients with 
mild to moderately active Crohn’s disease with 69.5 % of 
patients treated with budesonide 9 mg once daily or 3 mg tid 
achieving remission after 8 weeks of therapy compared with 
62.1 % of patients treated with mesalamine 4.5 g per day 
[12]. However, in this study, patients with only colonic 
involvement, including the left side of colon and rectum, 
were included. In another study, the pH-dependent 
budesonide, given as 3 mg three times daily, resulted in 
remission almost as frequently as prednisone 40 mg per day 
followed by a tapering schedule after 2 weeks (51 % versus 
52.5 %) [13]. In this study, patients with only colonic involve-
ment, including distal disease, were included. In patients 
with only colonic involvement prednisone was much more 
effective than budesonide. Another smaller trial of pH- 
dependent budesonide 9 mg once daily found a nonsignifi-
cant trend toward higher response rates on the conventional 
steroid, 6-methylprednisolone given as 48 mg daily for 1 
week followed by a tapering schedule over 8 weeks (72.7 % 
versus 55.9 %) [14].

One trial also examined the proportion of patients who 
achieved remission while not experiencing any side effects and 
found that 30 % of budesonide-treated patients met this goal 
whereas only 14 % of prednisone-treated patients did so [13].

Pooled analysis of the studies that have compared 
budesonide to conventional steroids for induction of remission 
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demonstrates a likelihood of remission on budesonide that 
is approximately 85 % of that observed on conventional 
steroids [15].

 Maintenance Therapy

 Conventional Steroids

It is generally accepted that steroids are neither safe nor 
effective for maintenance of remission in Crohn’s disease. 
Several controlled trials have shown no improvement in 
remission rates in patients treated with maintenance low 
dose steroids as compared with placebo [1, 2, 16]. Although 
these trials may have not demonstrated a statistically signifi-
cant reduction in relapse rates on steroids, it is possible that 
this could have been due to inadequate sample size within 
the individual studies. The largest study to examine this 
question was the National Cooperative Crohn’s Disease 
Study Part II in which patients with preexisting quiescent 
disease were randomly assigned to receive placebo, predni-
sone 0.25 mg/kg per day, sulfasalazine or azathioprine for up 
to 2 years [1]. However, this study included patients with 
both remission following medical therapy (n = 226) and 
remission following surgical resection within the previous 
year (n = 48). Of the total 274 patients participating in the 
trial, 101 were randomized to receive placebo, 61 to predni-
sone, 58 to sulfasalazine, and 54 to azathioprine. The hetero-
geneous patient population, with inclusion of patients with 
both medical and surgical induced remission may have 
diminished the trial’s ability to find an overall treatment 
effect. However, combining the results of all three conven-
tional steroid maintenance trials in a meta-analysis did not 
demonstrate any significant reduction in relapse rates in 
patients with quiescent Crohn’s disease treated with steroids 
[17]. In addition to the fact that they do not appear to reduce 
relapse rates, chronic use of steroid therapy is associated 
with significant toxicity and potential adverse events. In the 
National Cooperative Crohn’s Disease Study Part II in which 
patients were treated for up to 2 years, 26 % of patients expe-
rienced side effects that were rated as being moderate or 
severe. Moon face was observed in 25 %, hirsutism in 8 %, 
acne in 19 %, polyuria in 15 %, and muscle weakness in 3 % 
[1]. Although the deleterious effects of steroids on bone den-
sity are not measured in that trial, they are well known [18].

Although the major trials clearly showed no overall ben-
efit of maintenance conventional steroids, there did appear to 
be a subset of patients within the ECCDS whose active dis-
ease was brought under control with a 6 week course of ste-
roids who seemed to do better when they remained on low 
dose 6-methylprednisolone [2]. This seems to be consistent 
with the clinical experience of many physicians who find 
that there is a small proportion of patients who seem to be 

dependent on steroid therapy and, as such, are not able to 
reduce the dose below a certain threshold without recurrence 
of symptoms. In some cases, a proportion of symptoms are 
due to the adrenal suppression produced by chronic steroid 
use. However, in many cases it is clearly a recurrence of the 
Crohn’s disease related symptoms. Nevertheless, the effect 
of low dose steroids on the course of Crohn’s disease has not 
been shown to be beneficial and, given the potential long 
term side effects of steroids, even at low doses, other steroid 
sparing strategies and maintenance therapies are currently 
favored. These include the use of immunomodulators such as 
azathioprine, 6-mercaptopurine, or methotrexate and the use 
of biologic agents such as the anti-TNFα drugs infliximab, 
adalimumab, and certolizumab, the anti-integrin and anti- 
adhesion molecule drugs such as vedolizumab, and the anti- 
interleukin- 23 drugs such as ustekinumab and briakinumab.

 Budesonide

The side effect profile of the topically active steroid, 
budesonide, is more favorable than that of conventional sys-
temically administered and available steroids but budesonide, 
at a maintenance dose of 6 mg per day, has been shown only 
to delay the recurrence of Crohn’s disease symptoms in 
patients who achieved remission on an 8 week acute course 
of the ileal release form of budesonide [19]. Despite the fact 
that the occurrence of steroid associated side effects neces-
sitating discontinuation of therapy was uncommon over 1 
year of maintenance therapy, patients were no more likely to 
be in remission on budesonide by the end of 1 year of therapy 
than if they had received no active therapy. Other studies 
have confirmed the lack of efficacy of budesonide at doses of 
3 or 6 mg per day in maintaining remission that has been 
achieved be an induction course of budesonide or conven-
tional steroids [20–26]. A relatively small study compared 
the use of budesonide, 6–9 mg per day, to azathioprine for 
maintenance of remission in patients with steroid dependent 
ileocolonic Crohn’s disease and found higher rates of endo-
scopic healing and histologic remission and a trend toward a 
higher rate of clinical remission in the azathioprine group 
[27]. Another relatively small study randomized patients 
with steroid dependent ileitis or ileocolitis or colitis who 
refused immunosuppressive therapy to receive either 
budesonide 6 mg per day or 5-aminosalicylic acid (5-ASA) 
1 g tid for 1 year [28]. Relapse rates were lower in the 
budesonide-treated patients (55 % versus 82 %) and these 
patients also had higher quality of life scores [28].

Two other studies have determined that budesonide, given 
at doses of 3 or 6 mg daily, is not effective at preventing post-
operative endoscopic recurrence of Crohn’s disease [29, 30].

Meta-analysis of the budesonide maintenance trials did 
not provide any evidence for effectiveness of budesonide in 
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maintaining remission, although heterogeneity among the 
included studies was high [31].

Although the side effect profile of budesonide is better 
than that of conventional steroids, with apparently less loss 
of bone mineral density [26], patients on budesonide were 
approximately 20–50 % more likely than patients on placebo 
to experience an adverse event deemed to be related to treat-
ment [31]. In addition, an abnormal ACTH stimulation test 
was approximately two to three times more likely in patients 
on budesonide as compared with placebo [31].
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Abbreviations

CD Crohn’s disease
6-MP 6-mercaptopurine
AZA Azathioprine
TPMT Thiopurine-S-methyl transferase
Anti-TNFa Anti-tumor necrosis factor a
6-MMPRs 6-methylmercaptopurine ribonucleotides
6-TGNs 6-thioguanine (6-TG) nucleotides
ECCO European Crohn’s and Colitis Organization
CDAI Crohn's disease activity index
NNT Number needed to treat
OR Odds ratio
RR Relative risk
SONIC  The study of biologic and immunomodulation 

naïve patient in Crohn’s disease
NHR Nodular regenerative hyperplasia
HLH Hem phagocytic lymphohistiocytosis
EBV Epstein–Barr virus
VOD Veno-occlusive disease
HSTCL Hepatosplenic T-cell lymphoma
CESAME  The European Commission's Clearing and 

Settlement Advisory and Monitoring Expert 
Group

HCV Hepatitis c virus
HBV Hepatitis B virus
HIV Human immunodeficiency virus
VZV Varicella zoster virus
TB Tuberculosis
HPV Human papilloma virus
CBC Complete blood count
LFTs Liver function tests
RBC Red blood cells

In the last few decades, the use of thiopurine agents has been 
one of the cornerstones in CD treatment. Both azathioprine 
(AZA) and 6-mercaptopurine (6-MP) are effective in main-
taining remission and steroid sparing of CD patients refractory 
to or dependent of steroids [1, 2]. Purine analogs were also 
shown to prevent postoperative recurrence in CD [3, 4]. Even 
in the era of biologic treatment, the place of thiopurines in CD 
treatment is well established, and their use is widespread.

Purine metabolites were first synthesized in 1957 by 
Hitching and Elion, who hypothesized that the growth of 
rapidly dividing cells might be blocked with antimetabolites 
of nucleic acid bases [5]. Their work led to the development 
of thioguanine, 6-MP, and AZA—collectively named thio-
purine analogs.

 Thiopurine Metabolism

AZA and MP are prodrugs that undergo enzymatic metabo-
lism. A simplified version of the metabolic pathway is shown 
in Fig. 30.1 [6]. First, the majority of AZA is metabolized to 
6-MP. Notably, a small amount is metabolized to purine bases 
associated with hypersensitivity reactions [7]. Then, most of 
MP is metabolized by xanthine oxidase into an inactive 
metabolite—6-thiouric acid, which is excreted in the urine [8]. 
The remaining substrate is metabolized via two competing 
pathways. In one pathway, the enzyme thiopurine- S- methyl 
transferase (TPMT) methylates MP to form 6-methylmercap-
topurine ribonucleotides (6-MMPRs), which are inactive 
metabolites. Alternatively, 6 MP is metabolized by a group of 
enzymes known as the purine salvage pathway to produce the 
pharmacologically active metabolites 6-thioguanine (6-TG) 
nucleotides (6-TGNs; the sum of 6-TG monophosphate 
(6-thio-GMP), 6-TG diphosphate (6-thio-GDP), and 6-TG tri-
phosphate (6-thio-PTP)) [8]. Among the 6-TGNs, 6-thio-GTP 
is the main metabolite accounting for 80 % of the substrate, 
6-thio-GDP accounts for 16 %, while only traces of 6-thio-GMP 
are present [9]. Schematic illustration of thiopurine  metabolism 
is shown in Fig. 30.1.
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 Pharmacologic Mechanism of Thiopurines

6-TGNs affect the immune response via several potential 
mechanisms. They are incorporated into DNA, thereby inhib-
iting its synthesis and causing DNA strand breakage—and 
thus suppressing cell proliferation [10]. Other mechanisms 
include direct cytotoxicity, inhibition of de novo purine bio-
synthesis, and suppression of cytokine synthesis [8, 11–13].

Another important mechanism is by inducing T-cell apop-
tosis by modulating cell Rac 1 signaling. Rac 1 bounds to the 
metabolite 6-Thio-GTP instead of GTP, thus blocking the 
Rac1 activation pathway. Thus, Rac1 targeted genes as mito-
gen activated protein kinase, NF-kB, and bcl-x (L) are sup-
pressed—leading to mitochondrial pathway of apoptosis 
[14, 15]. Defects in T cell apoptosis were identified as one of 
the triggers of gut inflammation in CD [16, 17].

 Efficacy of Thiopurine Therapy in CD

The use of thiopurines for IBD treatment was initiated in the 
early 1960s [18, 19]. Since then, the effect of the medication 
on disease activity and symptoms has been intensively studied. 

AZA AND 6-MP were both shown to be effective in induction 
of remission of active CD with an odds ratio of up to 3.1 
compared with placebo [20, 21].

Therapeutic onset after thiopurine initiation was shown to 
be between 12 and 17 weeks, the time needed for TGNs to be 
incorporated into DNA [22]. This Cochrane meta-analysis 
published in 2010 included eight randomized placebo- 
controlled trials in adults with active CD. The outcome mea-
sure was the proportion of patients with clinical improvement 
or remission (as defined by the Crohn’s disease activity index 
(CDAI), the Harvey–Bradshaw Index, subjective evaluation, 
or steroid sparing effect). The pooled response rate was 54 % 
for the group with thiopurine analogs versus 34 % for the 
placebo treated patients.

The OR of response to azathioprine or 6-mercaptopurine 
therapy compared with placebo in active Crohn’s disease 
was 2.43 (95 % CI 1.62–3.64). The number needed to treat 
(NNT) was 5 to observe an effect of therapy in one patient. 
Treatment of >17 weeks resulted in an OR of 2.61 (95 % CI 
1.69–4.03). A steroid sparing effect was seen with an OR of 
3.69 (95 % CI 2.12–6.42), with NNT of 3 to observe steroid 
sparing in one patient [22].

Another Cochrane meta-analysis including seven mainte-
nance CD trials found that the OR for maintenance of remission 
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was 2.32 with an NNT of 6. The OR for maintenance of remis-
sion with 6-MP was 3.32, with an NNT of 4 [2]. Overall remis-
sion rate was 71 % for AZA compared with 55 % for placebo.

However, a recent Cochrane database systematic review 
published in 2013 showed contradicting results [23]. This 
meta-analysis included 13 randomized controlled trials of 
thiopurine treatment compared to placebo or active therapy 
involving adult patients with active CD. One thousand two 
hundred and eleven patients were included in the study. The 
study found no statistically significant difference in clinical 
remission rates between thiopurines and placebo. Forty-eight 
percent (95/197) of patients receiving antimetabolites 
achieved remission compared to 37 % (68/183) of placebo 
patients (five studies, 380 patients; RR 1.23, 95 % CI 0.97–
1.55). No statistically significant difference in clinical 
improvement rates were found between azathioprine or 
6-mercaptopurine and placebo treated patients. Forty-eight 
percent (107/225) of patients receiving antimetabolites 
achieved clinical improvement or remission compared to 
36 % (75/209) of placebo patients (eight studies, 434 patients; 
RR 1.26, 95 % CI 0.98–1.62). There was a statistically sig-
nificant difference in steroid sparing (defined as prednisone 
dose < 10 mg/day while maintaining remission) between aza-
thioprine and placebo. Sixty-four percent (47/163) of aza-
thioprine patients were able to reduce their prednisone dose 
to <10 mg/day compared to 46 % (32/70) of placebo patients 
(RR 1.34, 95 % CI 1.02–1.77).

These results challenge the accepted concept regarding 
thiopurine treatment in CD patients that was accumulated in 
6 decades of usage, and should be taken with excessive 
cautious.

Nevertheless, the second European evidence-based 
Consensus on the diagnosis and management of Crohn’s dis-
ease from the European Crohn’s and Colitis Organization 
(ECCO) states that AZA 1.5–2.5 mg/kg/day or 6-MP 0.75–
1.5 mg/kg/day may be used in active CD as adjunctive ther-
apy or steroid-sparing agent, and is also effective for the 
maintenance of remission in CD and has a steroid-sparing 
effect [24].

 Mucosal Healing

Mucosal healing is an important indicator to evaluate the 
efficacy of treatment and serves as a predictor of delayed 
onset complications and a decreased need for surgery [25]. 
Therefore, mucosal healing is used as a therapeutic end- 
point in many clinical trials [26–28].

Mucosal healing as a therapeutic goal in patients treated 
with thiopurines as a single agent was assessed in several 
studies [29–32]. A recent study from China assessed long- 
term mucosal healing in 36 patients with small bowel CD 
naïve to biologic therapy and to thiopurines using double 

balloon enteroscopy. After 6 months of treatment with an 

average dose of 61.8 ± 17.2 mg/day of AZA 26 patients 
(72.2 %) achieved clinical remission and the ten patients 
(27.8 %) had a clinical response. After 12 months of treat-
ment, complete mucosal healing was achieved in seven 
patients (19.4 %), near-complete healing (defined as a 
marked endoscopic improvement, possible aphthous ulcers 
(<0.5 cm) or erosions in the absence of stenosis, the affected 
segment is less than 50 %) in 2 (5.6 %), partial healing 
(defined as less than 50 % affected areas and the size of the 
biggest ulcer of less than 2 cm, considerable numbers of 
ulcers still persisted and single luminal narrowing observed, 
but was passable by DBE) in 10 (27.8 %) and no healing in 
17 (47.2 %). After 24 months of treatment complete healing 
was observed in 11 (30.6 %), near-complete healing in 9 
(25.0 %), partial healing in 12 (33.3 %) and no healing in 4 
(11.1 %) [29]. Another study compared AZA (2.0–2.5 mg/kg 
a day, n = 38) to Budesonide (BUD) (6–9 mg /day, n = 39) for 
1 year [30]. Mucosal healing was assessed using ileocolo-
noscopy with regional biopsies. At the end of the study 32 
and 25 patients in the AZA and BUD groups, respectively, 
were in clinical remission (P = 0.07). The Crohn’s Disease 
Endoscopic Index of Severity (CDEIS) score fell signifi-
cantly only in the AZA group (P < 0.0001). Complete or near 
complete healing of colonic mucosa was achieved in 83 % of 
AZA-treated patients compared to 24 % of BUD-treated 
patients (P < 0.0001). Histologic activity as assessed by an 
average histology score (AHS) fell significantly only in the 
AZA group (P < 0.001 versus baseline) and was significantly 
lower than in the BUD group at the end of the study 
(P < 0.001). In the terminal ileum complete healing was 
achieved in (59 %), near-complete healing in 4 of 19 (21 %) 
patients, partial healing in 16 %, and no change in 5 % of 
AZA-treated patients compared with 12 %, 18 %,24 %, and 
35 % of BUD-treated patients, respectively (P = 0.001 and 
P = 0.04, for complete healing and worse/no change, 
respectively).

The SONIC trial [26] (The study of biologic and immu-
nomodulation naïve patient in Crohn’s disease) included 508 
CD immunosuppressive and biologic naïve patients. At week 
26, colonic mucosal healing was achieved in 16.5 % of 
patients on azathioprine monotherapy. Further colonosco-
pies after longer treatment period were not performed. 
However, week 26 is probably too early to assess mucosal 
healing on thiopurine therapy since as written above, 
 therapeutic effect after treatment initiation only begins after 
12–17 weeks [22].

 Perianal Disease

Thiopurines were shown to be more effective than placebo 
for perianal fistula closure. In a prospective study conducted 
on 83 CD patients, the efficacy of 2 years 6-MP treatment 
compared to placebo was assessed. Thirty one percent of 
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patients treated with 6-MP achieved closure of their fistula 
compared with only 6 % in the placebo group (P < 0.001) [1]. 
Another observational study showed complete fistula closure 
in 39 % of patients and improvement in 26 % after >6 months 
of treatment [33].

In a meta-analysis of five clinical trials in which fistula 
closure served as a secondary end point, 54 % of patients 
treated with thiopurines had an improvement of their fistula 
status compared to 21 % of the placebo group (OR = 4.4 CI 
1.5–13.2) [20].

 Postoperative Recurrence

Postoperative endoscopic recurrence of CD has been reported 
to be as high as 73 % 1 year post surgery [34], and clinical 
relapse rates have been reported to range from 22–55 % 5 
years post surgery [35]. Facing the high recurrence rate, pre-
ventive treatment post-surgery for maintaining remission is 
usually warned.

The role of thiopurines in postsurgical maintenance of 
disease remission was assessed in various clinical trials [36–
41]. A recent Cochrane database meta-analysis summarizing 
the results of seven randomized controlled studies (584 CD 
patients post bowel resection) was published in 2014 [36]. 
The studies included in the analysis compared treatment 
with thiopurines to placebo, 5-ASA and anti-TNF agents. A 
pooled analysis of two studies (n = 168 patients) showed 
48 % relapse in thiopurine treated patients compared to 63 % 
relapse in the placebo group (RR 0.74, 95 % CI 0.58–0.94). 
A pooled analysis of five studies (n = 425 patients) showed 
63 % clinical relapse in patients treated with thiopurines, 
compared to 54 % of 5-ASA patients (RR 1.15, 95 % CI 
0.99–1.34). One study (n = 33) found decreased clinical (RR 
5.18, 95 % CI 1.35–19.83) and endoscopic relapse (RR 
10.35, 95 % CI 1.50). In summary, thiopurines are probably 
better than placebo for maintaining postsurgical remission. 
They might be less efficient than anti-TNFa agents—but data 
is scarce. Comparing their efficacy to 5-ASA agents is 
inconclusive.

Further research to assess their role in postoperative 
maintenance is warranted.

 Timing of Treatment Initiation

Early data favors early commencing of immunomodulatory 
treatment in order to alter disease progression and avoid 
complications. Data from two studies in pediatric patients 
[42, 43] showed better outcome in patients treated with thio-
purines within 3 months from diagnosis. Punati et al. [42] 
compared outcome in newly diagnosed CD pediatric patients 
treated within 0–3 months from diagnosis (n = 150) (early) 

compared with patients treated within 3–12 months from 
diagnosis (n = 49) (late). Twelfth months from diagnosis only 
22 % of the early group had received corticosteroids in the 
preceding quarter, compared to 41 % from of late group 
(P = 0.013). The number of hospitalizations per patient was 
significantly lower in the early group over the 2-year follow-
 up (P = 0.03). No difference was noted in the rates of remis-
sion, infliximab use over time, or surgery.

A recent study from the Groupe d'Etude Thérapeutique des 
Affections Inflammatoires du Tube Digestif  [44] compared 
early administration of AZA (within 6 months from diagno-
sis) with conventional management (AZA only in cases of 
corticosteroid dependency, chronic active disease with fre-
quent flares, poor response to corticosteroids, or development 
of severe perianal disease). Patients were prospectively fol-
lowed for 3 years. Primary end point was steroids and/or anti-
TNFa-free remission during follow-up. During follow-up, 
61 % of the conventional treatment group needed AZA initia-
tion, at median time of 11 months. Remission rates did not 
differ between the groups (67 % in the early treatment group 
vs 56 % in the conventional) (P = .69). Among secondary out-
comes, higher percentage of early treatment group was free of 
perianal surgery than in the conventional management group 
(96 % ± 3 % and 82 % ± 6 % at month 36, respectively; 
P = .036). The cumulative proportion of patients free of intes-
tinal surgery and anti-TNF therapy did not differ between 
groups. The study conclusion was that early treatment with 
AZA had no benefit over conventional therapy in increasing 
time of clinical remission. A recent Spanish multicenter study 
reported similar results [45].

The conflicting results between these studies might be 
explained by the different patients' population (pediatric vs 
adults). However, the results of this prospective study chal-
lenge the common opinion regarding the yield of early treat-
ment for all patients. Notably, almost 40 % of patients in the 
conventional treatment group were immunomodulators free 
for 3 years after diagnosis. Considering the drug adverse 
effects this is important data that should be taken into account 
while making decisions on treatment initiation. These data 
emphasize the importance of risk stratification and personal-
ized—tailored—treatment while taking therapeutic 
decisions.

 Duration of Treatment

The question of treatment duration after achieving long-term 
clinical remission was addressed in two multicenter random-
ized placebo-controlled trials. The first was published in 2005 
[46] by Lemann et al. included 83 CD patients in clinical 
remission on AZA therapy for at least 42 months. Patients 
were randomized to maintenance therapy or placebo and 
were followed for 18 months. The primary end point was 
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clinical relapse. At 18 months 8 % at the AZA group com-
pared to 21 % in the placebo group relapsed. The difference 
did not reach statistical significance (P = 0.195). C-reactive 
protein level >20 mg/L, time without steroids <50 months, 
and hemoglobin level <12 g/dL at baseline were found to be 
predictive of relapse in their multivariate analysis. The fol-
low- up study published in 2009 [47] included 66 patients 
who stopped AZA treatment after median duration of 68 
months treatment and 63 months remission. Thirty-two 
patients had a relapse after median follow-up of 54 months. 
The cumulative probabilities ± standard error of relapse at 1, 
3, and 5 years were 14.0 % ± 4.3 %, 52.8 % ± 7.1 %, and 
62.7 % ± 7.2 %, respectively. C-reactive protein concentration 
of 20 mg/L or greater, hemoglobin level less than 12 g/dL, 
and neutrophil count 4 × 10(9)/L or greater were associated 
increased risk of relapse. Retreatment with azathioprine alone 
achieved remission in 22/23 of the patients. A large retrospec-
tive multicenter study with 1176 IBD patients treated with 
AZA showed decreased disease exacerbations and need for 
steroid treatment within the first 4 years of AZA treatment 
(P < 0.001). Treatment discontinuation after 3–4 years did not 
lead to immediate disease exacerbation; however continua-
tion beyond 4 years decreased disease activity and steroid 
consumption [48]. A recent multicenter retrospective cohort 
study from the UK [49] included patients with at least 3 years 
thiopurine use that were in sustained clinical remission and 
with a minimum of 1 year of follow- up post drug withdrawal. 
Median duration of thiopurine use prior to withdrawal was 
6.0 years. Relapse occurred in 23 % of patients at 12 months 
and 39 % at 24 months. Elevated CRP at withdrawal was 
again associated with higher relapse rates at 12 months.

According to the European Crohn’s and Colitis 
Organization (ECCO) guidelines discontinuation of thiopu-
rine maintenance therapy should be considered when the 
patient is 4 years in remission [50].

The conclusion driven from these studies is that if thiopu-
rine treatment is well tolerated it should usually be continued 
for a long period. Risk factors for disease relapse as well as 
adverse events with long-term use as serious infections and 
risk of malignancy should be considered and discussed with 
the patient especially elderly patients, and decision should be 
individualized.

 Combination Therapy with Anti-TNFa

The yield of combination therapy of thiopurines with anti- 
TNFa was assessed in several multicenter prospective studies. 
Baert et al. [51] showed that concomitant immunosuppres-
sive therapy significantly lowers the titers of anti-infliximab 
antibodies, thus leading to improved pharmacokinetics as 
demonstrated by significantly higher concentrations of inf-
liximab 4 weeks after drug infusion. The SONIC study that 

compared biologic therapy versus thiopurines alone or in 
combination in biologically and immunomodulation naïve 
and relatively newly diagnosed patients [26], included 508 
CD patients. Fifty-seven percent of patients receiving combi-
nation therapy were in corticosteroid- free clinical remission 
at week 26 compared with 44.4 % of patients on infliximab 
monotherapy and 30.0 % of patients on azathioprine mono-
therapy. (P < 0.001 for the comparison with combination 
therapy and P = 0.006 for the comparison with infliximab.) 
Mucosal healing at week 26 was achieved in 44 % of patients 
receiving combination therapy, compared with 30 % of 
patients on infliximab monotherapy and 16.5 % of patients 
on azathioprine monotherapy (P < 0.001 for the comparison 
with combination therapy and P = 0.02 for the comparison 
with infliximab). At week 50 remission rates were 72 %, 
61 % and 55 %, respectively.

Another study by Lémann et al. [52] assessed steroid-free 
remission at week 24 after combination therapy of thiopurines 
with infliximab or thiopurine monotherapy in patients naïve to 
immunomodulators and in patients that failed on a stable dose 
thiopurines In all patients group remission rates were higher 
on combination therapy; thus combination therapy was shown 
to be more effective than thiopurine monotherapy for induc-
tion of remission in steroid-dependent CD patients. However, 
at week 52 only 27 % of patients on combination therapy in 
the thiopurine failure group were still in remission off steroids, 
compared with 52 % in the naive group.

A recent meta-analysis assessed the yield of combination 
therapy of thiopurine with Adalimumab (ADA) [53]. Results 
showed that ADA monotherapy was inferior to combination 
therapy (OR = 0.78 CI 0.64–0.96, P = 0.02) for induction of 
remission. However, there was no additional benefit of its 
addition for maintenance of remission or need for dose esca-
lation over ADA monotherapy.

These evidence favors combination therapy in patients 
with moderate to severe CD, especially in immunosuppres-
sive naïve patients. Combination therapy achieves higher 
rate of rapid disease control and limited tissue damage.

The superiority of combination therapy over monother-
apy adds another therapeutic dilemma—whether and when 
to switch to monotherapy, and which of the treatments should 
be stopped. Van Assche et al. randomized 80 patients with at 
least 6 months of remission on combination therapy to inflix-
imab monotherapy versus combination therapy [54]. After 
104 weeks 60 % of the patients in the combination therapy 
group needed a change in infliximab doses or stopped ther-
apy compared to 55 % of the infliximab monotherapy group 
(nonsignificant). CRP level were higher and the drug trough 
levels were lower, in the infliximab monotherapy group. 
They concluded that combination therapy beyond 6 months 
offers no clear benefit over scheduled infliximab monother-
apy. The long-term implications of higher infliximab trough 
levels and decreased CRP levels in the combination group 
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should be further studied. Predictors of relapse after azathio-
prine withdrawal were identified in a study by Oussalah et al. 
[55]. In this observational study patients were treated with 
combination therapy for at least 6 months before azathio-
prine was discontinued. At last follow-up (week 104), 35 out 
of 48 (73 %) patients were infliximab failure free. The 
disease- free probabilities were 85 % (±5 %) at 12 months and 
41 % (±18 %) at both 24 and 32 months. Risk factor for dis-
ease relapse were in patients with duration of combination 
therapy of less than 27 months and/or the presence of bio-
logical inflammation (CRP > 5 and platelets count > 280,000).

Taken together, the decision whether and when to stop 
one of the medications on combination therapy should be 
taken individually, on the basis of disease history, side 
effects, personal preferences, and cost-effectiveness. Current 
data clearly indicates that combination therapy is more effec-
tive than monotherapy, and that thiopurine co-therapy is 
associated with higher infliximab trough levels.

 Safety

Over 6 decades of thiopurine use in IBD provides a wide and 
very long-term safety profile. Generally, the medication is 
well tolerated. However, adverse events that require disease 
withdrawal occur in 10–18 % of patients. These include bone 
marrow toxicity, pancreatitis, and various allergic reactions 
as fever, flu-like illness, rash, and arthralgias [2, 20, 56–59]. 
Drug reaction may be related to drug metabolism and TPMT 
and TGN measurements can guide treatment (see below), but 
in 1–6.5 % of patients idiosyncratic reactions may occur 
[60]. Most of the nonspecific allergic reactions occur at treat-
ment initiation, within 2–3 weeks, and tend to improve with 
time. Initiating treatment with 50 % of the optimal therapeu-
tic dose can reduce the severity of the reaction and allow 
early intervention. Once tolerated, dose can be gradually 
increased with close monitoring of blood count, liver func-
tion tests, and TGN levels. Recent data suggests that dividing 
the optimal dose into two small daily doses can reduce some 
side effects as nausea [61, 62]. This treatment modification 
was also shown to improve long-term remission rate [63]. 
Patients who are intolerant to AZA may benefit from a switch 
to a metabolic descendant as 6-MP or TGN [64, 65]. Notably, 
post AZA/6-MP induced pancreatitis further treatment with 
6-MP or AZA is contraindicated. However, tolerance and 
response to TGN was shown in these patients [66].

Hepatotoxicity may occur in 10–17 % of patients, and may be 
related to increased concentration of 6-MMPR [66]. Co-treatment 
with allopurinol was shown to shift the metabolic pathway to 
6-TGN with normalization of liver enzymes [66, 67].

Rare disorders of the liver vasculature were described, 
including sinusoidal dilatation, nodular regenerative hyper-
plasia (NHR), fibrosis, peliosis hepatitis, and veno-occlusive 

disease (VOD) [68–70].

All immunomodulatory treatment carries an increased 
risk of infections. Thiopurines specifically increased suscep-
tibility to viral infections [71]. In case of an acute infection, 
treatment with thiopurines can be withdrawn and renewed 
after recovery.

Risk of infections is accentuated in patients on combina-
tion therapy [71].

Mild leukopenia is observed in 5–25 % of patients treated 
with thiopurines and is associated with higher concentrations of 
6 TGN metabolites. Leukopenia is most common at treatment 
initiation, but can occur at any time during treatment [57, 72].

Severe pancytopenia was reported in patients with TPMT 
deficiency. TPMT activity differs according to allelic poly-
morphism. In Caucasian population, 0.3 % is TPMT defi-
cient with none or very little activity, 12.4 % have intermediate 
activity and 87.3 % have normal activity. Therefore, TPMT 
activity should be measured prior to therapy [73]. However, 
between 50 and 75 % of thiopurine related leukopenia occurs 
in patients with normal TPMT activity [74, 75]. Therefore, 
habitual monitoring during therapy is mandatory.

Most cases of myeloproliferative disorders in IBD patients 
on thiopurines are associated with EBV [76]. Recently, a few 
fatal cases have been reported in thiopurine treated young IBD 
EBV seronegative males associated with post- mononucleosis 
lymphoproliferation with or without hemophagocytic lym-
phohistiocytosis (HLH) [77]. Though the risk is very low, the 
ECCO Pathogenesis Scientific Workshop [78] recommends 
considering avoiding thiopurine treatment in IBD male 
patients less than 35 years who are EBV seronegative.

Increased risk of malignancy, specifically lymphoprolif-
erative diseases is another concern during thiopurine therapy. 
The risk was shown to be ×4–×5 increased compared with 
the background population and is even more pronounced in 
elderly patients. Still, the absolute risk is low [79, 80].

Exposure to ultraviolet radiation was shown to increase 
the risk of non-melanoma skin cancer in thiopurine treated 
patients. A cohort study from South Africa [80] demon-
strated an odds ratio of 5 for non-melanoma skin cancer. 
Among Caucasian patients the odds ratio was 12.4, and in 
non-Caucasians the risk was negligible.

Therefore, Caucasian patients on thiopurine therapy 
should be advised to avoid sun exposure and perform regular 
skin screening.

Recently, a large retrospective study assessed malignancy 
risk in patients treated with thiopurines and/or with anti- 
TNFa [81]. Data showed an increased risk of malignancy in 
IBD patients treated with thiopurines compared with patients 
treated with anti-TNF antibodies (hazard ratio 4.15; 95 % CI 
1.82–9.44; P = 0.0007; univariate Cox regression). Patients 
aged over 50 years treated with thiopurines had 18.2 % ten-
dency to develop malignancy, compared with 3.8 % of 
patients under 50 years of age (P = 0.0008). Treatment dura-
tion of more than 4 years was associated with an increased 

risk for skin cancer.
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A recent prospective observational study from the CESAM 
study group [77] included 19,486 IBD patients with a total 
follow up of 49,736 patient-years, found that IBD patients 
with past exposure to thiopurines have a sevenfold increased 
risk to develop myeloproliferative disorders. The risk was not 
increased in IBD patients that stopped thiopurine treatment.

In the last decade a rare and aggressive extra-nodal form 
of non-Hodgkin's lymphoma—hepatosplenic T-cell lym-
phoma (HSTCL)—was reported in IBD patients, in associa-
tion with immunosuppressive therapy [82–84]. Out of over 
200 cases reported in the literature, less than 40 are IBD 
patients. The disease is often fatal.

All of the IBD patients were all treated with thiopurines 
alone or in combination therapy with anti-TNF a (more that 
50 % of cases). Median thiopurine exposure was 6 years. 
Most patients were young (90 % were under 35 years) males 
(90 % of the cases). The ECCO Pathogenesis Scientific 
Workshop from 2014 [78] concluded that though the overall 
risk of HSTCL is very low, it is to be taken into account in 
young (<35 years) men treated with combination therapy 
with more than 2 years of thiopurine intake.

Table 30.1 summarizes the main side effects, their preva-
lence, and possible ways to optimize therapy.

 Monitoring and Optimizing Thiopurine 
Therapy

There is a considerable diversity in drug absorption and 
metabolism among patients.

Thiopurine in vivo metabolism is influenced not only 
by the TPMT allelic polymorphism (see above) but also 

by the absorption, idiosyncratic reactions, and drug–drug 
interactions in each patient. The accepted AZA dose is 
2–2.5 mg/kg/day and for 6-MP is 0.75–1.5 mg/kg/day 
[85]. The dose of TG is not related to body weight and is 
20 mg/day. Since patients with TPMT deficiency are 
prone to severe pancytopenia upon thiopurine treatment, 
its levels should be measured prior to treatment initiation 
[73]. In addition to TPMT measurements, patients should 
be screened for infections and advised to be vaccinated 
accordingly.

Current European guidelines include [86] serological 
screening for the viruses: hepatitis c (HCV), hepatitis B 
(HBV), human immunodeficiency (HIV), varicella zoster 
(VZV). Screening for TB with chest X ray and interferon 
release assay should be considered. Screening for cervical 
cancer and human papilloma virus (HPV) in women is also 
advocated. Vaccinations that are indicated include: VZV, 
HPV, HBV, influenza (yearly), and pneumococcus (every 5 
years). Live vaccines are contraindicated while on immuno-
modulatory treatment.

Upon treatment initiation, complete blood count 
(CBC) and liver function tests (LTTs) should be moni-
tored every 2 weeks for the first 2 months and every 3 
months thereafter. The purpose of monitoring is early 
detection of side effects, mainly pancytopenia, hepatitis, 
pancreatitis. As mentioned, most side effects tend to 
appear close to treatment initiation, but can appear at any 
time during treatment [74, 75].

TGN levels should be measured after 12–16 weeks, once 
the metabolite reached its steady state, in case of a flare to 
assure compliance and assess dose escalation, or in case of 
suspected toxicity. Early measurements, after 4 weeks, can 

Table 30.1 Main side effects, prevalence, mechanism, and options to optimize treatment

Side effect Symptoms Prevalence Onset Mechanism Optimizing treatment

Idiosyncratic reaction Rash, arthralgia, hepatitis, 
myalgia, flu-like 
symptoms, GI complaints, 
fever, pancreatitis

1–6.5 % Usually within 4 
weeks from 
initiation

Immune mediated Some reactions might be 
overcome with switch of 
AZA to 6-MP, or with 
split dose

Myelotoxicity Leukopenia, anemia, 
thrombocytopenia

1.4–5 % Usually within 8 
weeks from 
initiation. However, 
it can develop 
throughout 
treatment

Dose dependent, 
caused by elevated 
6-TGNs

Thiopurine treatment in 
TPMT deficient patients 
should be avoided. 
Habitual CBC throughout 
treatment

Hepatotoxicity Variation from mildly 
elevated liver enzymes to 
liver fibrosis, nodular 
regenerative hyperplasia 
(NRH), veno-occlusive 
disease (VOD)

1–17 % Dose independent 
within few weeks 
from initiation
Dose dependent 
after months–years

Can be idiosyncratic 
(dose independent) or 
dose dependent. 
Dose-dependent 
histopathological 
changes

Habitual liver function 
tests throughout 
treatment

Malignancies Mainly lymphomas and 
skin cancers

Rare After years of 
treatment

Habitual skin screening, 
avoid sun exposure, 
avoid treatment in young 
EBV seronegative males
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be taken to assess compliance and optimize dosing [87]. 
TGN levels >235 pmol/8 × 108 red blood cells (RBC) were 
shown to correlate with clinical remission in 65 % of patients 
[85]. TGN levels above 450 pmol/8 × 108 were shown to 
cause higher percentage of myelosuppression [67, 88]. A 
suggested algorithm for thiopurine monitoring is shown in 
Fig. 30.2.

 Summary

Thiopurine therapy was shown to be effective in the manage-
ment of CD for over 6 decades. Thiopurines were shown to be 
effective in inducing and maintaining remission, achieving 
mucosal healing, and treating complications. The combination 

Pre treatment- TPMP levels

TPMT deficient-
alternative
treatment

Normal TPMT
activity- start

treatment with
low dose

Start
treatment

Intermediate
TMPT activity-
Thiopurine in

50% dose

Measure CBC, LFTs
every 2 weeks, monitor

SE

Week 4

TGN measure-
compliance, dose

optimization

Weeks 12-16

Measure TGN

Optimize therapy

Measure CBC, LFts
every 3 months,

monitor SE

Measure CBC, LFts
every 3 months,

monitor SE

Continuous therapy. Monitor therapeutic benefit, SE

Fig. 30.2 Thiopurine monitoring algorithm. CBC 
complete blood count, LFTs liver function tests, SE 
side effects, TPMT thiopurine-s-methyl transferase, 
TGN thioguanine nucleotide
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therapy with anti-TNFa was shown to have a synergistic 
effect. Thus, even in the era of biologic therapy, and despite 
several side effects, it is still one of the cornerstones of CD 
treatment.
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 Introduction

Methotrexate (MTX) was first developed for use as a 
 chemotherapeutic agent in cancers such as leukemia, lym-
phoma, and choriocarcinoma. Subsequently, it became well 
established in treating two chronic inflammatory diseases, 
rheumatoid arthritis [1, 2] and psoriasis [3, 4].

In 1989, Kozarek et al. reported the first use of MTX for 
the treatment of refractory Inflammatory Bowel Disease 
(IBD) [5]. This study involved 21 patients with IBD (7 with 
ulcerative colitis, 14 with Crohn’s disease) and showed 
encouraging results with 16 of the 21 patients showing 
objective improvement. Since then there have been several 
randomized controlled trials showing MTX to be efficacious 
in the treatment of refractory Crohn’s disease.

 Pharmacology of Methotrexate

MTX is a folate analog originally synthesized in the 1940s 
which acts as an antimetabolite drug but also has anti- 
inflammatory properties, depending on the dose used. The 
principal cellular action of MTX is the reversible competitive 
inhibition of dihydrofolate reductase (DHFR) [6] . Parent 
MTX, polyglutamated MTX metabolites (MTXPG), and 
7-hydroxymethotrexate (7-OH-MTX) are all folate analogs 
with inhibitory activity against many of the enzymes involved 
in the metabolic pathway of folate [7] (Fig. 31.1). These 
folate-dependent enzymes are vital for the de novo synthesis 
of purines, pyrimidines, and the transmethylation of DNA, 
RNA, phospholipids, and proteins [7]. Antiproliferative 
effects dominate with high dose MTX therapy [6, 8] while 

low dose MTX has an immunosuppressive role that may be 
independent of the inhibition of cell proliferation via DHFR 
blockade [7, 9, 10]. In cell culture systems, MTX has been 
shown to lead to the accumulation of adenosine, a lympho-
toxic and immunosuppressive autocoid [11]. However, a 
putative mechanism of action of MTX relating to adenosine 
has not been supported in inflammatory bowel disease, where 
no rise in plasma or rectal levels of adenosine was found fol-
lowing administration of MTX [12].

At the cellular level, MTX has been observed to induce 
apoptosis and clonal deletion of activated T-lymphocytes in a 
mechanism that is independent of the APO-1/Fas (CD95) 
receptor/ligand system [13]. MTX also acts as a strong dif-
ferentiation factor for immature monocytes which in vitro is 
associated with natural cytokine inhibitor release and a simul-
taneous down-regulation of interleukin (IL)-1β effects [14].

MTX decreases the production of the pro-inflammatory 
cytokines IL1, IL6 [15–17], IL2, interferon-γ [18], and 
tumor necrosis factor (TNF)-α [14] and increases IL4 and 
IL10 gene expression, both of which have anti-inflammatory 
effects [18]. MTX was shown to inhibit IL-1 activity by 
blocking the binding of IL-1 to its receptor [19]. There is 
evidence in patients with rheumatoid arthritis that MTX 
indirectly inhibits COX-2 synthesis [20] and neutrophil che-
motaxis [21]. It is likely that the anti-inflammatory effects of 
MTX in IBD are underpinned to an extent by combinations 
of these different actions.

 Methotrexate Use in Crohn’s Disease

The treatment of steroid-dependent IBD is problematic. In a 
population-based study on the natural history of corticoste-
roid therapy for IBD [22], 58 % of patients with Crohn’s dis-
ease treated with corticosteroids were in complete remission 
after 30 days of therapy and one year outcomes revealed that 
28 % of patients were steroid dependent. Corticosteroids are 
not indicated in the maintenance of IBD because of their side 
effect profile with 32 % of patients on high dose and 26 % on 
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prophylactic dose requiring withdrawal or dose reduction of 
therapy secondary to side effects [23].

MTX has been studied for both induction and mainte-
nance of remission in patients with chronic active Crohn’s 
disease. There have been five randomized controlled trials 
reported on the use of MTX for induction of remission in 
refractory Crohn’s disease.

 Randomized Controlled Trials

The largest trial, by Feagan et al. in 1995, reported substan-
tial benefit [24]. This trial used intramuscular administration 
of MTX 25 mg once weekly in patients with chronic active, 
steroid-dependent Crohn’s disease. After 16 weeks, 39.4 % 
of patients were in clinical remission compared to 19.1 % 
with placebo. MTX also induced a substantial benefit in 
quality of life in these patients, as well as lower requirements 
for corticosteroid administration.

A study of 54 patients with chronic active Crohn’s disease 
by Ardizzone et al. compared using intravenous MTX 25 mg 
once weekly for 3 months, followed by 3 months of oral 
therapy at the same dose, to therapy with oral azathioprine 
[25]. The study showed no significant difference in induction 
of remission between MTX and azathioprine [25]. Adverse 
reactions resulting in withdrawal of therapy were the same in 
both treatment groups (11 %) but more adverse effects that 
did not require withdrawal of therapy occurred in the MTX 
group (44 % versus 7 %).

Several trials have evaluated the oral administration of 
MTX at lower doses. Oren et al. compared oral MTX 

12.5 mg once weekly to oral 6-mercaptopurine (6-MP) in 
chronic steroid-dependent Crohn’s disease [26]. There was 
no statistically significant difference between the drugs for 
induction or maintenance of remission.

Mate-Jimenez et al. evaluated the efficacy and tolerance 
of oral MTX 15 mg once weekly to 6-MP and 5- aminosalicylic 
acid (5-ASA) [27]. This study similarly failed to show a ben-
efit with oral MTX compared to 6-MP in inducing or main-
taining remission in chronic active Crohn’s disease. It did 
show a statistically significant benefit over therapy with 
5-ASA. A study by Arora et al. which also investigated using 
15 mg oral MTX once weekly in steroid-dependent Crohn’s 
disease similarly failed to show a benefit [28]. This suggests 
that lower doses of 12.5–15 mg MTX per week and oral 
route of administration may be less effective than higher, 
parenterally administered doses. However, no firm conclu-
sions can be drawn from these studies as the numbers 
involved were small and failure to respond may have been 
due to inadequate dose and oral route being utilized 
[26–28].

A randomized trial by Egan et al. investigated the opti-
mum dose of MTX for induction of remission in patients 
with steroid-dependent IBD [29]. Of these patients, 80 % 

were refractory to corticosteroid therapy and 70 % had previ-
ously failed adequate therapy with 6-MP or azathioprine. 
Overall, 17 % of IBD patients investigated entered remission 
and there was no benefit to 25 mg over 15 mg of weekly sub-
cutaneous MTX. The likely explanation for the low level of 
response seen in this group of IBD patients is the refractory 
nature of their disease. Interestingly, 11 of the patients who 
did not respond to treatment with 15 mg weekly after 16 
weeks subsequently had their dose escalated to 25 mg weekly 
MTX and 36 % of these patients had an improvement in clini-
cal status although there was no increase in the rate of remis-
sion. Toxicity was not different between the two groups [29].

A large trial by Feagan et al. in 2000 examined maintain-
ing remission using intramuscular MTX 15 mg once weekly  
in patients with chronic active Crohn’s disease who had  
already achieved remission after 14–24 weeks treatment 

MTX

MTXPG

FH4

FH2

5,10 methylene
Purine
synthesis

THFPG
DHFR

TS

Fig. 31.1 Methotrexate (MTX) metabolism. MTX and its polyglutamate 
metabolites (MTXPG) potently inhibit dihydrofolate reductase (DHFR), 
impairing the conversion of dihydrofolate (FH2) to tetrahydrofolate 

(FH4). MTXPG also inhibit folate-dependent enzymes distal to DHFR 
such as thymidylate synthase (TS). 5,10, methylenetetrahydrofolate poly-
glutamate (5,10 methylene THFPG)

G. Harkin and L. Egan
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with intramuscular MTX 25 mg once weekly [30]. This 
study showed that relapse occurred in 35 % after 40 weeks  
of therapy with MTX compared to 61 % with placebo. The 
number needed to treat to prevent one relapse was 4. The 
mean time to relapse was >40 weeks compared to 2 weeks 
with placebo [30]. This study followed on to treat 22 of the 
36 patients who relapsed (14 in the MTX group and 22 in the 
placebo group) with 25 mg intramuscular MTX for 40 
weeks. Of this group, 55 % were in remission at 40 weeks 
compared to 14 % of the remainder of the group not treated 
with MTX [30].

Concomitant immunosuppressive therapy has been shown 
to reduce the magnitude of the immunogenic response of 
 infliximab (IFX) [31]. Feagan et al. compared MTX plus 
IFX to IFX monotherapy in a placebo controlled trial involv-
ing 126 patients to maintain remission in Crohn’s disease 
[32]. Primary outcome was defined as treatment failure, i.e., 
lack of prednisone free remission at week 14, or failure to 
maintain remission by week 50. Steroid free remission was 
76 % in the dual therapy group at week 14 as opposed to 
78 % in the IFX monotherapy group. Remission was main-
tained in 56 % at week 50 in the dual therapy group verses 
57 % with IFX alone. Combination therapy was well toler-
ated but not superior to IFX monotherapy in induction or 
maintenance of remission [32], indicating that MTX does 
not confer any additional benefit in IFX treated Crohn’s dis-
ease patients. However, the remarkably high and prolonged 
remission rate in IFX monotherapy patients in this trial may 
have compromised the ability to detect any advantages of 
MTX.

For an overview of MTX clinical trials in Crohn’s  disease, 
see Table 31.1.

 Published Clinical Data: Comparative Analysis 
of Methotrexate and Other Treatment Options

Harper et al. assessed dual therapy of azathioprine/6-MP or 
MTX in patients starting anti-TNF therapy for induction of 
disease remission. This study showed azathioprine/6-MP 
and MTX performed similarly in this treatment group with 
regard to maintaining response to infliximab [36]. Diaz-Saa 
et al. studied methotrexate monotherapy as a third line option 
after thiopurine and anti-TNF failure in Crohn’s disease. 
They reported remission rates of 28 % at month four, and 
22 % at month twelve of treatment. MTX was well tolerated 
in this difficult to treat group [37].

Margien et al. assessed the efficacy and tolerability of 
MTX use in Crohn’s Disease. 63 % of patients discontinued 
MTX after a mean of 33 weeks for various reasons, primarily 
due to ineffectiveness (39 %) and side effects (35 %). At 12 
months 59 % were maintained on MTX, while this number 

had fallen to 9 % after 5 years [38]. Similarly a study looking 
at tolerability of MTX monotherapy after thiopurine failure 
found a clinical benefit was maintained in 63 % at year 1. 
This number had fallen to 20 % at 5 years. 26 % stopped 
MTX due to intolerances primarily in the first 6 months of 
treatment but adverse events were generally minor suggest-
ing this treatment is safe [39].

 Methotrexate and Its Role in the Formation 
of Antibodies to Infliximab

Vermeire assessed the formation of antibodies to IFX when 
combined with azathioprine, MTX or placebo and reported a 
lower incidence of antibodies to IFX in the group receiving 
either azathioprine or MTX [40]. In the dual treatment 
groups (azathioprine/MTX plus IFX) 46 % of patients devel-
oped antibodies to IFX compared to 73 % on IFX alone. 
There was no significant difference in the incidence of anti-
bodies between the MTX and azathioprine groups (44 % vs 
48 % respectively). The formation of antibodies to IFX 
>8 μg/ml is associated with lower serum levels of IFX [40]. 
Feagan et al. measured serum antibody levels in their two 
study groups (IFX + MTX and IFX + placebo). Patients  
who received methotrexate were significantly less likely to 
develop antibodies to IFX than those who received IFX 
alone (4 % compared to 20 %). Serum trough IFX levels 
were higher in the MTX treatment group but were not sig-
nificant. This was not explored beyond 50 weeks, and it is 
possible the effects of MTX on antibody formation would 
result in benefit in the long term however this would need to 
be studied further [32].

 Administration of Methotrexate

Subcutaneous administration of MTX has been shown to 
have similar pharmacokinetics compared to the intramus-
cular route [41, 42]. Bioavailability approaches 100 % with 
parenteral administration in contrast to oral route which has 
shown 50–90 % bioavailability in other chronic inflamma-
tory conditions [43–45]. The subcutaneous route has been 
shown to be well tolerated by patients and to have few local 
complications at the injection site [41, 46, 47].

 Adverse Effects

Adverse effects experienced with MTX can be categorized as 
being due to bone marrow suppression [48], idiosyncratic reac-
tions such as rash or pneumonitis [49]; or secondary to MTX-
induced fibrosis, e.g., pulmonary fibrosis or hepatic fibrosis.
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There is evidence that the anti-inflammatory effect of 
MTX may be offset at higher doses by MTX-induced entero-
toxicity [50, 51]. MTX causes morphological and functional 
abnormalities of the small intestinal mucosa [52, 53]. Two 
studies reporting on jejunal biopsies taken from children 
with acute lymphoblastic leukemia treated with MTX 
revealed striking structural abnormalities of the Paneth cells 
with marked vacuolar dilatation of the cytoplasm [51] and 
striking distension of the lateral basal intercellular spaces, 
cell vacuolation, and patchy necrosis [50]. This effect may 
have been due to a direct toxic effect of MTX therapy or 
interference with crypt cell generation [50]. There are also 
several case reports of MTX itself (or aminopterin, a related 
anti-folate compound) causing severe colitis [54–58].

Up to 18 % of patients in IBD trials discontinue the drug 
due to MTX related toxicity [24, 59]. In the largest study by 
Feagan et al., side effects were observed in similar frequency 
at 45 % in the MTX treated group versus 42 % in placebo 
group, however 17 % withdrew from treatment because of 
adverse events (including nausea and asymptomatic eleva-
tion in serum aminotransferase) compared to 2 % in the pla-
cebo group [24]. The patients who withdrew secondary to 
adverse effects improved after withdrawal of MTX.

The Oren 1997 study found that there was no statistically 
significant difference in withdrawals and adverse events 
between patients treated with MTX and 6-MP [26].

A similar small study looked at MTX use in patients who 
developed Azathioprine or 6 MP induced pancreatitis. Of the 
five patients who were started on MTX none had a recurrence 
of pancreatitis but in one patient MTX was stopped due to a 
rise in transaminases. Another patient developed a localized 
reaction at the site of drug administration but continued suc-
cessfully on MTX after a brief course of antihistamines [60].

Chen et al. assessed frequency of adverse events (reacti-
vation of Varicella Zoster Virus, Squamous Cell Carcinoma, 
non-dermatologic malignancies, and drug-induced pancre-
atitis) in patients on either MTX or Thiopurine monotherapy 
for their Crohn’s disease. Of 852 patients, 105 had complica-
tions, 5.29 % in MTX group verses 13.77 % in the thiopurine 
group indicating adverse events were less numerous in the 
MTX group. Similarly being cognizant of gender, age, and 
length of treatment the probability of AEs were less in the 
MTX group. No notable differences were established 
between the groups with respect VZV reactivation and non 
dermatological malignancies [61].

Importantly, liver fibrosis and cirrhosis can develop in 
some patients that are treated chronically with weekly 
MTX. MTX polyglutamates accumulate in hepatocytes and 
hepatotoxicity with MTX is thought to be due to the direct 
toxic and steatogenic effects of MTX on the liver [62, 63].

Patients with psoriasis treated with MTX appear to be at 
the highest risk of developing hepatic toxicity. In that dis-

ease, liver biopsies are typically performed at cumulative 
MTX doses of 1.5 g [64, 65]. In contrast, patients with rheu-
matoid arthritis seem to be at a lower risk with the risk of 
cirrhosis after 5 years of continuous therapy estimated at 
only 1/1000 [63, 66].

Studies have suggested that patients with IBD appear to 
be at a lower risk of developing MTX induced hepatic toxic-
ity than patients with psoriasis [67, 68]. Te et al. showed that 
cumulative doses of up to 5410 mg MTX given for up to 281 
weeks in patients with IBD were associated with minimal 
hepatotoxicity, and that abnormal liver function tests did not 
identify patients with fibrosis [67]. They suggested that sur-
veillance liver biopsies based on cumulative MTX doses are 
not warranted in patients with IBD [67]. However, it is the 
practice of other authors to perform biopsies at cumulative 
doses of 1.5 g MTX [29]. Whether or not IBD patients  
on chronic MTX should undergo liver biopsies remains 
controversial.

 Monitoring for Toxicity

Ninety percent of MTX is excreted within 24 h of adminis-
tration [46]. The remainder exists primarily as the pharmaco-
logically active intracellular polyglutamate derivatives in 
many cell types, including erythrocytes. However, there is 
no evidence that therapeutic monitoring of erythrocyte or 
plasma MTX or 7-hydroxymethotrexate levels can be used 
to guide therapy [29].

Current guidelines advise routine monitoring of patients 
with complete blood counts and liver function tests to assess 
for bone marrow suppression and hepatic fibrosis. Persistently 
abnormal liver biochemistry tests above two times the upper 
limit of normal warrant discontinuation of the drug or liver 
biopsy [69]. For suggested guidelines regarding monitoring 
of patients receiving long-term MTX therapy, see Table 31.2.

In recent years less invasive tests have been assessed as a 
way of monitoring for hepatotoxicity and fibrosis when on 
long term MTX. The amino terminal of type III procollagen 
peptide (PIIINP) is produced during the synthesis of type III 
collagen and is released into the blood. PIIINP can function 
as a serum marker of hepatic fibrosis in patients on MTX for 
long periods. Using serum PIIINP as an indicator of hepatic 
fibrosis may reduce the need for liver biopsy if PIIINP levels 
are persistently normal. One such study found that up to 45 % 
fewer biopsies would be necessary using this practice [72].

Transient elastography (TE) is a noninvasive way of mea-
suring liver stiffness to assess for fibrosis and a number of 
small studies have been undertaken to evaluate its usefulness in 
IBD patients on long term MTX. One such trial included 46 
IBD patients with an accumulative dose of 1242 ± 1349 mg and 
average treatment period of 21 ± 24 months had liver stiffness 
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assessed by FibroScan®. The average liver stiffness finding was 
4.7 ± 6.9 kPa. (The threshold for significant liver fibrosis was a 
value of F ≥ 2: 7.1 kPa.) Development of advanced liver fibro-
sis in IBD patients treated with methotrexate is uncommon. 
They concluded there was no variation in liver stiffness accord-
ing to type of IBD or cumulative dose of MTX [73].

Another study involving 53 patients comparing liver stiff-
ness in IBD patients on MTX (n = 30) to a control group 
(MTX naïve n = 23) did not show increased liver stiffness  
in the group treated with MTX [74]. Shah et al. looked at 
PIIINP and TE to assess for fibrosis in 34 patients on long 
term MTX for psoriasis and rheumatoid arthritis. Average 
accumulated dose of MTX was 5320 mg (SD 3682 mg) and 
average treatment duration of 427 weeks. The cut off for 
fibrosis was 7.1 kPa. Twenty-eight patients were included 
and they had an average hepatic stiffness was 7.4 kPa (SD 
4.46), which correlated considerably with serum PIIINP. 
Thirty-three percent of treated patients developed liver fibro-
sis in this group [75]. These methods of monitoring need fur-
ther evaluation in larger studies.

 Recommendations for Clinical Practice

MTX has been proven to be effective for the induction of 
remission in patients with chronic active, steroid-dependent 
Crohn’s disease. It should be started at a dose of 15 or 25 mg 
once weekly by subcutaneous injection for 12–16 weeks.  
An initial response after this period is unlikely. If there is 
failure to enter remission after this period on 15 mg once 

weekly, dose escalation to 25 mg once weekly for another 
12–16 weeks may be considered if MTX is being well toler-
ated. There is no benefit in adding MTX to IFX to maintain 
remission; however studies looking at antibody formation in 
this group may show benefit of combination therapy [32].

Baseline investigations such as complete blood count, 
serum creatinine concentration and liver biochemistry tests 
should be performed as listed in Table 31.2.

Patients at risk for steatohepatitis, such as those with a 
prior history of high alcohol intake, increased weight, type 2 
diabetes mellitus, or who have any chronic liver disease are 
at increased risk of developing hepatic fibrosis [62, 63]. We 
caution against starting MTX in such patients.

Contraindications to MTX therapy include known liver 
and renal disease, active infection, alcohol excess and obe-
sity. Also, MTX is contraindicated in patients who are preg-
nant or lactating, and in women of childbearing age unless 
effective contraception is employed. Concomitant use of cer-
tain medications such as nonsteroidal anti-inflammatory 
drugs [76, 77] and trimethoprim-sulfamethoxazole is contra-
indicated and patients should avoid alcohol entirely.

Maintenance of remission with MTX in Crohn’s disease 
patients is indicated for those who enter remission with this 
drug. Subcutaneous MTX therapy is continued at a dose of 
15 mg once weekly. Regular monitoring of complete blood 
count as well as serum creatinine and liver function tests is 
indicated to detect cytopenias and patients developing 
hepatotoxicity.

Mild degrees of leukopenia or thrombocytopenia can be 
reversed by temporarily stopping MTX therapy and recom-

Table 31.2 Guidelines for monitoring of patients receiving long-term MTX therapya

Baseline investigations

CBC, creatinine concentration, serum AST, ALTb, alkaline phosphatase, albumin, bilirubin levels, Hepatitis B and C and HIV serologies, 
pregnancy test, chest X-ray

Consider liver biopsy if

  Heavy alcohol consumption

  Elevated serum liver enzyme activity

  Type 2 diabetes mellitus

Toxicity monitoring during treatment

CBC and creatinine concentration weekly initially, with interval gradually increased to 2–3 monthly after therapy is stabilized

Serum ALT, AST, and albumin levels every 4–6 weeks

Liver Biopsy if:

  More than half of regularly checked AST values are more than twice the upper limit of normal

  Progressive increase in serum liver enzyme activity

Indications to discontinue use of MTX

  Clinically evident liver disease

  Fibrosis or cirrhosis on liver histology at biopsy
aAdapted from guidelines developed for rheumatoid arthritis and psoriasis [70, 71]
bCBC complete blood count, ALT alanine transaminase, AST aspartate transaminase
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mencing at a lower dose. Intravenous leucovorin is indicated 
in more serious or life threatening pancytopenia [49]. The 
administration of concomitant oral folic acid with MTX in 
patients with rheumatoid arthritis or psoriasis has been found 
to reduce hematological complications and gastrointestinal 
side effects such as stomatitis and gastrointestinal upset [78] 
without an apparent reduction in clinical efficacy [79]. 
Although this strategy has not been tested in patients with 
IBD, it is a common practice.

In a study of the tolerability of MTX, 50 % of IBD patients 
were considered intolerant, and 42 % of parents deemed their 
child to be intolerant of MTX. Intolerance was classified as 
behavioral symptoms (anticipatory/associative) pre MTX, 
gastrointestinal symptoms, or symptoms post MTX [80]. 
Empiric use of antiemetics such as metoclopramide or 
ondan setron may lessen post dose nausea or GI upset. Non-
compliance should be considered in cases of treatment fail-
ure as one study found 53 % of patients had delayed and/or 
missed at least one dose or MTX when compliance was 
assessed. Age less than 44 was found to be the predominant 
risk factor related with non-compliance [81].

A phase 4 trial will shortly commence recruitment to 
evaluate if addition of MTX combined with full dose 
Infliximab can restore remission in pediatric patients [82] .

In summary, MTX has been proven to be effective for the 
induction of remission in patients with chronic active, 
steroid- dependent Crohn’s disease and for the maintenance 
of remission in patients who enter remission with this drug.
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 Introduction

Crohn’s disease (CD) is a chronic relapsing inflammatory 
disorder characterized by transmural inflammation, which 
can affect the gastrointestinal tract from mouth to anus. 
Common symptoms include abdominal pain, intestinal 
cramping, diarrhea, weight loss, and fatigue. The develop-
ment of fibrostenosis of the intestinal lumen, fistulization, 
and the presence of significant extraintestinal manifestations 
may complicate the disease [1]. Many of the complications 
lead to the need for hospitalization and surgery. The ideal 
therapy for CD should be safe and effective. This therapy 
would effectively induce and maintain clinical remission 
without need for corticosteroids, halt the development of 
complications, and reduce hospitalizations and surgeries. 
This would lead to positive effects on quality of life (QoL) 
while enjoying a favorable safety profile [2]. Furthermore, 
demonstrating the ability to heal the mucosa is increasingly 
being appreciated as an important therapeutic endpoint with 
hopes that this may lead to a disease-modifying effect [3].

Advances in the understanding of the pathogenesis of 
IBD have led to the development of several agents specifi-
cally aimed at key elements of the inflammatory cascade. 
The development of antagonists to tumor necrosis factor- 
alpha (TNF-α) have played a major role in the advancement 
of therapy in CD. Infliximab (REMICADE®, Centocor Ortho 
Biotec Inc., Malvern, PA, USA) [4] and adalimumab 
(HUMIRA®, Abbott Laboratories, Abbott Park, IL, USA) 
[5] have been shown in pivotal clinical trials to induce and 
maintain clinical remission in patients with moderate-to- 
severe Crohn’s disease (CD) [6–11], and certolizumab pegol 
(CIMZIA®, UCB Inc., Smyrna, GA, USA) [12] has been 
shown to reduce signs and symptoms of CD and maintain 

clinical response [13, 14]. In this chapter, the efficacy data 
from the major randomized controlled trials, open label stud-
ies, and safety data supporting the use of adalimumab in the 
treatment of CD are reviewed. The use of adalimumab in 
clinical practice will be put into context.

 Background

Adalimumab (ADA) (Humira™, Abbott, USA) is a recom-
binant fully human IgG1 monoclonal antibody that binds  
to TNF-α which can be self-administered subcutaneously 
(such). It consists of human-derived heavy and light chain 
variable regions and human IgG1:k constant regions. TNF-α 
is a 51-kDa pro-inflammatory cytokine formed by three sol-
uble 17-kDa monomer proteins. It is secreted by monocytes, 
macrophages, and T-cells [15–17]. The binding of TNF-α to 
its receptors leads to a number of intracellular events culmi-
nating in the activation of nuclear factor kB and the produc-
tion of pro-inflammatory cytokines such as interleukin (IL)-1 
and IL-6, activation of neutrophils, and promotion of leuko-
cyte migration, all of which are key elements of the inflam-
matory cascade in Crohn’s disease [18–20].

 Pharmacodynamics

ADA binds with high affinity to TNF-α, thus blocking its 
interactions with its receptors. In binding both soluble  
and transmembrane TNF-α, ADA fixes complement, causes 
antibody- dependent cell-mediated cytotoxicity and induces 
T-cell apoptosis which is thought to be a key mechanism by 
which both infliximab and ADA exert their effect [21–23].

 Pharmacokinetics

In a randomized, double-blind, placebo controlled trial of 
ADA for the induction of remission for Crohn’s disease, 
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Clinical Assessment of Adalimumab Safety and Efficacy as 
Studied for the Induction of Crohn’s Disease (CLASSIC-I), 
mean serum concentrations (microgram per milliliter) at week 
4 were 2.79 ± 1.48 (n = 66), 5.65 ± 3.06 (n = 65), and 12.61 ± 5.25 
(n = 67) for the 40/20, 80/40, and 160/80 mg groups, respec-
tively [9]. Concomitant use of 6-mercapto purine or azathio-
prine was not associated with differences in mean serum 
concentrations [9]. In a randomized, double-blind, placebo-
controlled trial of ADA for the induction of remission in 
patients who have had loss of response or intolerance to inflix-
imab, Gauging Adalimumab Efficacy in Infliximab Non-
Responders (GAIN), the median ADA concentration was 12.2 
micrograms/ml following administration of 160 mg at week 0 
and 80 mg at week 2 [11]. The bioavailability of ADA is 64 % 
with a T1/2 of approximately 2 weeks in healthy volunteers.

 Immunogenicity

The immunogenicity of infliximab is a well-described phe-
nomenon owing, in part, to its chimeric nature. In a study of 
ADA for the treatment of rheumatoid arthritis the develop-
ment of anti-adalimumab antibodies (AAA) occurred in 5 % 
of patients overall (1 % for patients on concomitant metho-
trexate and 12 % for patients on ADA monotherapy) [24].  
No data was collected, in this study, on the influence of anti-
bodies on ADA levels and clinical response. A later study in 
rheumatoid arthritis, however, demonstrated that 17 % of 
patients developed AAA [25]. Moreover, the presence of 
AAA was associated with lack of clinical response and lower 
serum ADA levels. Patients with AAA had a median serum 
ADA concentration of 1.2 mg/l (range: 0.0–5.6) versus 
11.0 mg/l (range: 2.0–33.0) for those with no antibodies. The 
presence of AAA and measurement of ADA levels in this 
study were assayed using a technique developed by the 
authors and is not performed in the context of an industry 
sponsored clinical trial so the assays may not be directly 
comparable. In the CLASSIC-II trial, a maintenance trial of 
adalimumab for CD, 2.6 % of patients (7/269) for which data 
was available developed AAA. All AAAs occurred in 
patients on monotherapy as none of the 84 patients on con-
comitant antimetabolites developed antibodies [26].

 Clinical Efficacy of Adalimumab in Crohn’s 
Disease

 Randomized Controlled Trials for the Induction 
of Remission and Response

In CLASSIC I [9], 299 patients with moderate-to-severe CD 
defined by a Crohn’s Disease Activity Index (CDAI) score of 
220–450 were randomized to one of three induction regimens 

of subcutaneous (such) ADA (ADA 160 mg week 0, 80 mg 
week 2; ADA 80 mg week 0, 40 mg week 2; ADA 40 mg 
week 0, 20 mg week 2) or placebo such at weeks 0 and 2. 
Primary endpoint was the proportion of patients who achieved 
clinical remission as defined by CDAI of less the 150 points 
at week 4 in the two highest dosing regimens compared to 
placebo. Secondary endpoints included responses as defined 
by both 70 and 100 point drops in the CDAI. Statistical differ-
ences were observed in the primary endpoint of remission 
between 160/80 mg ADA and combined (160/80 mg ADA 
and 80/40 mg ADA) groups compared to placebo. At the 
highest dosing group (160/80 mg ADA) 36 % of patients 
achieved remission compared to 12 % in the placebo group 
(p = 0.001). Fifty percent of patients in the 160/80 mg group 
had a response defined by a 100 point decrease in CDAI and 
59 % had a response defined by a 70-point drop in the CDAI 
both superior and statistically significant to placebo.

In GAIN [11], 325 patients with moderate-to-severe CD 
who had previously been exposed to infliximab and lost 
response or became intolerant to infliximab were random-
ized to receive either ADA such 160 mg at week 0, followed 
by 80 mg at week 2 or placebo. The primary endpoint was 
remission as defined by the CDAI at week 4. Twenty-one 
percent of ADA treated at patients entered into remission, 
52 % had a decrease of 70 points in the CDAI, and 38 % had 
a decrease of 100 points in the CDAI at week 4 (7 %, 34 %, 
25 % for placebo respectively; p < 0.05). Based on the results 
of these studies ADA was granted expedited review by 
 regulatory agencies in the USA, Canada, and the European 
Union.

 Randomized Controlled Trials 
for the Maintenance of Remission 
and Response

Two hundred seventy-five patients from CLASSIC I enrolled 
in CLASSIC II and received open-label ADA 40 mg at 
Weeks 0 and 2 (Weeks 4 and 6 of CLASSIC I) [26]. Patients 
who were in remission at both Week 0 (end CLASSIC I/
beginning CLASSIC II) and Week 4 were re-randomized to 
40 mg every other week (e.o.w.), weekly, or placebo through 
56 weeks. In the re-randomized cohort, 79 % who received 
ADA 40 mg e.o.w. and 83 % who received 40 mg weekly 
maintained remission through Week 56, vs. 44 % for placebo 
(p < 0.05 for both ADA groups vs. placebo).

In CHARM (Crohn’s Trial of the fully Human Antibody 
Adalimumab for Remission Maintenance), 854 patients with 
moderate-to-severe CD received open label ADA SC at 
doses of 80 mg at week 0 and 40 mg at week 2 [10]. Patients 
who had been exposed to IFX in the past and either lost 
response or had become intolerant to infliximab were eligi-
ble for this trial. Patients who responded, as defined by a 
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drop in CDAI of 70 points, were then randomized to one of 
three treatment arms; ADA 40 mg e.o.w., ADA 40 mg 
weekly, or placebo. Approximately 60 % of patients respon-
ded to the initial 80/40 mg induction dose at week 4 and were 
randomized. At week 26, 40 % of the ADA 40 mg e.o.w., 
47 % of the ADA 40 mg weekly and 17 % of the placebo 
group were in remission (p = 0.001 for both groups compared 
to placebo, no difference between active groups). The benefit 
was maintained out to week 56 with 36 % ADA 40 mg e.o.w., 
41 % ADA 40 mg weekly, and 12 % placebo group remaining 
in remission (p = 0.001). A difference was not appreciated in 
the proportion of patients who were able to maintain remis-
sion or response according to their previous infliximab 
exposure.

Within the CHARM study population 117 patients had 
active perianal fistulizing disease. Although, the study was 
not specifically designed or powered to evaluate patients 
with fistula, one-third of patients treated with ADA had com-
plete healing of fistula. Several open label cohorts from vari-
ous parts of the world have substantiated this data with 
reported fistula closure rates between 30 and 50 % over the 
first year of therapy [27, 28].

 Effect of Adalimumab on Quality of Life 
and Hospitalization

Quality of life in patients with CD is often assessed using the 
inflammatory bowel disease questionnaire (IBDQ); a vali-
dated measure of quality of life in patients with IBD assess-
ing systemic features, bowel system, emotional and social 
function. Scores can range between 32 and 224 with a score 
of >170 on the IBDQ correlating with clinical remission as 
defined by a CDAI <150 [29]. In patients continued on ADA 
40 mg SC every other week or weekly in CLASSIC-II, 
IBDQ >170 were maintained, whereas placebo-treated pati-
ents had IBDQ scores that rapidly declined demonstrating 
that sustained response to ADA was associated with 
improved QOL [30]. In patients in the GAIN study, scores in 
the ADA- treated patients were significantly higher in all four 
domains of the IBDQ than in placebo-treated patients again 
demonstrating improved quality of life associated with treat-
ment with ADA [31].

An important measure of success with respect to manag-
ing patients with CD is an ability to reduce the rate of hospi-
talization for management of the disease. In a study 
evaluating patients enrolled in the CHARM study a second-
ary analysis evaluated rates of hospitalization in patients 
treated with placebo versus those treated with ADA [32]. At 
56-weeks, the actuarial hospitalization rate in placebo- and 
ADA-treated patients was 13.9 % and 5.9 %, respectively 
(p < 0.01) with treatment with ADA being the only indepen-
dent factor associated with reduced risk [32].

 Effect of Adalimumab on Mucosal Healing

In the 52-week EXTEND (EXTend the Safety and Efficacy 
of Adalimumab by ENDoscopic Healing) trial, mucosal 
healing (defined as absence of mucosal ulceration observed 
by endoscopy) at Weeks 12 and 52 was 27 % and 24 % 
(p = 0.056), respectively, for the adalimumab maintenance 
group compared with 13 % and 0 % (p < 0.001), respectively, 
for patients who received adalimumab 160-/80-mg for induc-
tion only followed by placebo [33]. A post-hoc analysis of 
mucosal healing rates by baseline disease duration showed a 
greater treatment effect (adalimumab vs. placebo) at Week 
12 for patients with a disease duration <5 years versus 
≥5 years (p = 0.029) [34].

 Safety and Tolerability

 Safety of Anti-TNF Agents as a Class

With a few exceptions, the safety data with respect to anti- 
TNF agents falls into two broad categories: class specific and 
agent specific effects. For the most part, safety concerns are 
a class effect. The safety issues related to the use of anti-TNF 
agents includes infusion/injection reactions, infections, 
 autoimmunity, malignancies (both hematological and solid 
organ) and other events such as demyelinating disease, con-
gestive heart failure, hematologic and hepatic abnormalities 
including reactivation of hepatitis B.

Infusion reactions in infliximab-treated patients in clini-
cal trials occurred in 2–16 % of cases [6–8] Premedication 
with corticosteroids and an antihistamine may prevent subse-
quent reactions [35]. Injection site reactions can occur with 
the subcutaneously administered anti-TNF agents at a rate of 
up to 6 % as reported in clinical trials [9–11, 24]. Delayed 
hypersensitivity reactions are well described in the setting of 
the administration of infliximab and can occur at any time 
point and are characterized by arthralgia, myalgias, fever, 
urticaria, and rash and generally occur several days after an 
infusion.

Infectious complications that occur with the use of anti- 
TNF agents can be thought of as minor infections and seri-
ous infections. Most minor infectious comprise of nonspecific 
upper respiratory tract infections or urinary tract infections 
and occur in approximately one third of patients and are 
comparable across all three agents in the class [36]. Generally, 
minor infections may delay a scheduled treatment, but do not 
lead to discontinuation of therapy. Serious infections have 
been reported with the use of anti-TNF agents and include 
pneumonia, cellulitis, and sepsis and abscess formation. In 
clinical trials of infliximab, serious infections occurred in 
4–5 % of patients. Opportunistic infections, such as pneu-
mocystis carinii pneumonia, listeriosis, histoplasmosis, and 
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mucormycosis have been reported but are rare [37–40].  
A recent meta-analysis did demonstrate that anti-TNF 
 therapy doubled the risk of opportunistic infections [41]. 
However, it is important to recognize that patients using anti-
TNF agents are often taking concomitant therapy with other 
potentially immune-suppressive medications including cor-
ticosteroids. Data from the TREAT registry (Crohn’s disease 
Therapy, Evaluation and Assessment Tool), a large voluntary 
registry of patients with Crohn’s disease treated with a vari-
ety of therapies, revealed that serious infections were linked 
more to the use of corticosteroids and narcotics than to the 
use of infliximab or immunosuppressive therapy when evalu-
ated by multivariate logistic regression analysis [42]. The 
use of anti-TNF agents is known to be associated with reac-
tivation of latent tuberculosis and appropriate screening in 
advance of administration is mandatory [43].

The development of antinuclear antibodies (ANAs) is 
known to be associated with the use of anti-TNF agents [44] 
in a cohort of 125 patients exposed to infliximab, the inci-
dence of ANA at 24 months was 57 % [44]. Drug induced 
lupus with positive ANA and Anti-dsDNA has been described 
but is rare [45].

The potential for the development of a malignancy in 
association with anti-TNF therapy has always been a theo-
retical concern owing to their immunosuppressive nature. 
The majority of reported malignancies temporally associated 
with anti-TNF therapy have been non-Hodgkin’s lympho-
mas. In the TREAT registry, 0.42 patients per 100 patient 
years in the infliximab-treated group developed malignan-
cies compare to 0.51 patients per 100 patient years in those 
not treated with infliximab. With respect to lymphomas spe-
cifically, the incidence per 100 patient years was 0.062 in the 
infliximab-treated group compared to 0.057 in those not 
treated with infliximab [42]. The difference was not statisti-
cally significant between groups with either comparison.  
A meta-analysis of randomized trials examined the risk of 
serious infection and malignancy in patients with rheuma-
toid arthritis treated with infliximab and adalimumab [46]. 
This study concluded that the odds ratio for malignancy with 
anti- TNF therapy was 3.3 (95 % confidence interval, 1.2–
9.1) compared to placebo. However, the study has been criti-
cized with respect to how trials were selected for inclusion, 
the statistical methods employed, the lack of control for 
potential confounders and the inclusion of non-melanotic 
skin cancers into malignancy estimates. How this controver-
sial data translates into the IBD population is unknown. 
There has been concern related to the reporting of a number 
of cases of a rare form of δγ T cell lymphoma (hepatosplenic 
T cell lymphoma) in CD patients treated with anti-TNF 
agents [47]. These cases all occurred in younger patients 
between the ages of 12 and 31 with the majority being on or 
having recently received thiopurine therapy (6-MP/AZA). 
Given the rarity of the event, the true relevance of this as it 
pertains to the use of anti-TNF therapy in CD is unknown but 

remains an issue worthy of ongoing vigilance. There is how-
ever a recognition that anti-TNF therapy is associated with 
and increased risk of non-melanotic skin cancer (NMSC) 
and possibly even melanotic skin cancer (MSC) [48]. It is 
therefore recommended that patients receiving anti-TNF 
therapy have at least annual skin exams and employ proper 
skin protection [49].

Patients with preexisting New York Heart Congestive 
Heart Failure (CHF) Class III or IV, or those with a history of 
multiple sclerosis or optic neuritis should not receive anti- 
TNF therapy as worsening of CHF and demyelinating syn-
dromes have been described [50–53].

Overall, however, the large experience from clinical trials in 
a variety of disease states over time with adalimumab has not 
shown an increase in adverse events which is reassuring [54].

 Safety of Adalimumab in Open-Label 
and Controlled Studies

A recent study pooled all data from controlled trials of 
adalimumab in CD and assessed the rates of adverse events 
(AE) [45]. Data was available for 1459 patients with a total 
of 1506 patient years of ADA exposure. For those patients 
in induction studies, there was no difference in infectious 
AE at any dose of ADA versus placebo. For patients in 
maintenance studies, there was a significantly greater num-
ber of AE leading to discontinuation of therapy in the pla-
cebo-treated patients than in ADA exposed patients. In the 
total cohort of exposed patients, there were two cases of 
demyelinating disease, three cases of tuberculosis, one case 
of CHF, three cases of lupus like reaction and two deaths. 
The two deaths were due to pulmonary embolism in an 
elderly patient and acute myeloid leukemia in a patient  
on AZA.

With respect to autoimmunity, increases in titers of ANAs 
and Anti-dsDNA antibodies have been reported to occur in 
5.3 % and 12.9 % of ADA-treated RA patients [55].

 The Use of Adalimumab in Clinical Practice

For those patients who require biologic therapy, adalimumab 
is a very good option in both patients who are bio-naïve and 
those patients who have lost response to or become intoler-
ant to infliximab. The efficacy of adalimumab with respect to 
both induction and maintenance of CD is comparable to that 
of infliximab. This is supported by data from the pivotal ran-
domized controlled trials CLASSIC I, CHARM, and GAIN. 
Moreover, the safety concerns of the two agents are gener-
ally equivalent with the exception of agent-specific issues 
such as infusion vs. injection site reactions. For these reasons 
either agent is an acceptable choice as a first-line biologic 

agent for patients with luminal disease.
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The induction dosing in the North American labels and 
Europe are slightly different. The approved induction dos-
ing in North America is 160 mg/80 mg at weeks 0 and 2 as 
opposed to Europe where the 80 mg/40 mg dosing regimen 
is cited as the preferred induction except for patients with 
severe disease where the 160 mg/80 mg dosing is suggested. 
Of interest recent studies demonstrate that in large cohorts 
that the 160 mg/80 mg dosing is likely superior both short 
and long-term. A single-center analysis of adalimumab use 
for CD in 168 infliximab-exposed patients showed that the 
160/80-mg induction dose was associated with more frequent 
CRP normalization (p = 0.04), more frequent (p = 0.004) 
and longer sustained clinical benefit (p = 0.04), and less 
frequent primary nonresponse (p < 0.0001) compared with 
the 80/40-mg regimen [56]. In addition, two real- world 
observational analyses found that patients who received the 
160-/80-mg induction regimen were approximately half as 
likely to receive dosage intensification (i.e., weekly dosing) 
compared with other induction regimens (p < 0.0001) [57, 
58]. Based on the clinical trial data as well as these recent 
reports the author always uses the 160 mg/80 mg induction 
regimen.

In addition, it appears that a subgroup of patients may 
require longer than the “4 week induction period” to achieve 
full efficacy. Although many patients respond to ADA by 
Week 4, some may require a longer duration of therapy to 
achieve initial clinical response and remission. For nonre-
sponders in CHARM and GAIN, defined as failure to achieve 
a ≥70-point decrease in CDAI at Week 4, more than 50 % 
achieved a response by Week 8 and at least 60 % achieved it 
by Week 12 [59]. Rates of clinical remission for the CHARM 
initial nonresponders were 26 % by Week 8 and 28 % by 
Week 12; the corresponding rates for the GAIN nonre-
sponders were 19 % and 25 %, respectively [59]. Clinicians 
should consider continuing ADA 40-mg e.o.w. therapy for 
up to an additional 8 weeks after induction, before deeming 
the patient a treatment failure. Options for potential nonre-
sponders include increasing the dosage to 40 mg weekly or 
switching to an alternative agent if symptoms persist after 
dosage adjustment.

The durability of response beyond 1 year may be a dif-
ferentiating feature between the anti-TNF agents where it 
appears that ADA may have an advantage. ADA clinical  
trial data have demonstrated sustained clinical remission, 
improvements in quality of life, reductions in hospitaliza-
tion, steroid-sparing effects, and fistula healing during long- 
term treatment for CD for up to 4 years [60–62].

Patient preference may play a large role in which anti- 
TNF agent is preferred by the patients [63]. In a young 
patient population such as CD, the every other week, subcu-
taneous administration of ADA may represent a significant 
potential advantage over the intravenous administration of 

infliximab. It allows for more flexibility regarding travel, 
work, and education [63].

ADA is the only biologic available for patients who have 
become intolerant to, or lost response to infliximab. This rep-
resents a significant proportion of patients after 1 year of 
therapy. Data from the GAIN study indicates that ADA has 
efficacy in this population. However, the expected response 
rate is approximately 8–15 % lower than in infliximab naïve 
patients.

An obvious temptation of both patients and physicians 
will be to consider switching from intravenously adminis-
tered infliximab to subcutaneously administered adalim-
umab in those patients who have demonstrated and 
maintained a response to the former agent. It is worth noting 
that in the only study which systematically looked at this, 
elective switching from infliximab to adalimumab was asso-
ciated with loss of tolerance and loss of efficacy within 1 
year [64]. Therefore, adherence to the first anti-TNF agent is 
always recommended including proper dose optimization 
before switching.

 Towards Earlier Use

Anti-TN therapy has been a significant advance in the treat-
ment of Crohn’s disease with the benefits that are outlined in 
this chapter. However, there has been a push towards earlier 
and earlier use. Most recently, the use of early combined 
adalimumab therapy (adalimumab plus an immunosuppres-
sant) has been evaluated versus conventional management in 
a cluster randomization trial—REACT (Randomized Eval-
uation of an Algorithm for Crohn’s Treatment) [65]. 
Although early combined therapy was not superior to con-
ventional management with respect to controlling Crohn’s 
disease symptoms, it did show significant differences in the 
reduction of complications, hospitalization, and surgery. The 
interpretation is that earlier use is associated with better 
long-term outcomes irrespective of symptoms.

In summary, adalimumab represents an important step in 
the evolution of anti-TNF therapy and is a welcome addition 
to our therapeutic armamentarium for CD. Its convenient 
subcutaneous administration coupled with its proven effi-
cacy and safety will likely position it as the dominant bio-
logic agent for luminal CD, especially if it delivers on other 
evolving areas of biologic therapy such as mucosal healing. 
Although the impact of anti-TNF therapy in the treatment of 
CD has been substantial, one-third of patients do not respond 
to these agents. This underscores the need for better defining 
not only which patients will best respond to these agents, but 
also which patients would benefit from earlier use of a bio-
logic agent as well as the need to continue to develop novel 
biologic agents with alternate mechanisms of action.
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Abbreviations

CD   Crohn’s disease
CRP   C-reactive protein
CDAI   Crohn’s disease activity index
HBI   Harvey–Bradshaw Index
CDEIS   Crohn’s disease endoscopic index of severity
SD   Standard deviation
SCR   Steroid-free complete response
CI    Confidence interval

 Introduction

Crohn’s disease (CD) is a chronic inflammatory disorder 
characterized by a remitting–relapsing course, causing heavy 
morbidity and impairment of quality of life. The manage-
ment of CD is mainly influenced by disease features that are 
mainly the extension and the behavior (inflammatory, pene-
trating, and stricturing), but also the presence of concomitant 
extraintestinal manifestations and/or poor prognostic factors 
at diagnosis [1, 2]. In the last years, the therapeutic aims of 
CD have moved from symptomatic control to the achieve-
ment of deep remission, with the ultimate goal of radically 
changing disease’s natural history [3, 4]. This has been pos-
sible with the advent of “disease-modifying drugs,” such as 
biological therapies, that work by curbing the underlying 
inflammatory cascade. Tumor necrosis factor (TNF)-alpha is 
a pro-inflammatory cytokine, responsible of the increased 
recruitment and adhesion of leukocytes into intestinal tis-
sues, involved in the pathogenesis of CD [5]. Accordingly, 

monoclonal antibodies blocking TNF-alpha have shown to 
be effective therapies for patients with active CD, by induc-
ing sustained steroid-free clinical and endoscopic remission 
[3, 6]. The present chapter focuses on certolizumab, the only 
PEGylated anti-TNF-alpha agent, developed for the treat-
ment of CD patients.

 Molecular and Pharmacological 
Characteristics

Certolizumab (CDP878) is an humanized PEGylated antigen- 
binding fragment (Fab) of anti-TNF-alpha monoclonal anti-
body. Certolizumab has been manufactured through 
recombinant DNA technology and protein engineering, with 
a two stages procedure: grafting of short, hypervariable 
complementarity- determining regions (CDRs) derived from 
the murine monoclonal antibody HTNF40 onto human anti-
body acceptor and then transfection in bacterial cells for a 
three days fermentation. Later on, Fab fragments are conju-
gated to two PEG chains (total molecular weight of 40 kDa) 
at a different site from TNF-alpha binding one. Figure 33.1 
[7–9] PEGylation confer multiple pharmacological advan-
tages, such as higher solubility, increased bioavailability and 
plasma half-life, but also lower toxicity and immunogenicity 
[10]. Certolizumab binds and neutralizes soluble and 
membrane- bound TNF-alpha, but lacking of Fc region, does 
not induce complement-dependent either antibody- dependent 
cell-mediated cytotoxicity. Furthermore, in vitro, certoli-
zumab does not increase the proportion of apoptotic cells and 
the levels of polymorphonuclear cells degranulation [11]. For 
CD patients, the scheduled treatment includes an induction 
phase with three doses of subcutaneous certolizumab 400 mg 
at week 0, 2, and 4 and then a maintenance phase with one 
400 mg dose every 4 weeks. After a subcutaneous administra-
tion, certolizumab is progressively absorbed and reach 
plasma peak concentrations (which is proportional to the 
dose administered) within maximum 7 days. The elimination 
half-life is about 14 days and no dose adjustment are neces-
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sary for people with renal impairment [12]. Certolizumab is 
currently approved for the treatment of CD patients in the 
USA and Switzerland for patients with moderate- to-severe 
CD, failure to conventional treatments.

 Effectiveness and Safety in Crohn’s Disease: 
Randomized Controlled Trials

 PRECISE Studies

Two randomized placebo-controlled double-blind Phase III 
studies, PRECISE 1 and 2 (Pegylated antibody fragment 
evaluation in Crohn’s disease: safety and efficacy), evaluat-
ing the effectiveness of certolizumab against placebo, were 
the pivotal trials that led to regulatory approval for CD 
patients [13, 14]. Both these studies recruited in the same 
period (December 2003–May 2005), at different sites, 
patients with moderate-to-severe active disease (defined as a 

CDAI between 220 and 450) [15], despite the use of conven-

tional drugs. Patients were eligible regardless disease’s loca-
tion or behavior, albeit those ones who presented symptomatic 
strictures or active abscess were excluded. In the first study, 
662 patients were randomized to receive subcutaneous doses 
of certolizumab 400 mg or placebo at week 0, 2, and 4 and 
then every 4 weeks trough week 26. In both arms, patients 
were centrally stratified according to their basal C-reactive 
protein (CRP) serum level (< or >10 mg/l). This design was 
arranged taking in account to the certolizumab phase II dose- 
finding study, reporting higher rates of clinical response at 
week 12 in patients with baseline elevated CRP level treated 
with 400 mg of certolizumab every 4 weeks [16]. Thus, the 
primary endpoint was clinical response (defined as a reduc-
tion of at least 100 points in CDAI score) at week 6 and at 
both week 6 and 26 in the subgroups of patients with a base-
line CRP level >10 mg/l. This endpoint was met by 37 % 
(54/145) of certolizumab treated patients versus 26 % 
(40/154) of control group (p-value = 0.04) and correspond-
ingly, by 22 % (31/144) versus 12 % (19/154) (p-value = 0.05), 
respectively. Concerning to secondary aims, certolizumab 
was not more effective than placebo in inducing clinical 
remission (defined as a CDAI score of 150 points or less) at 
week 6 and at both week 6 and 26, in patients with baseline 
high level of CRP. Conversely, certolizumab was equally 
superior to placebo in inducing and maintaining clinical 
response in the overall population (regardless of the CRP 
level stratification) [13]. PRECISE 2 trial was specifically 
aimed to evaluate the efficacy of certolizumab as mainte-
nance therapy. Therefore, 6-week responder patients to an 
open label induction with certolizumab (400 mg at week 0, 
2, and 4), stratified according to their baseline CRP (< or 
>10 mg/l), were randomized to receive 400 mg of certoli-
zumab or placebo every 4 weeks through week 26. After 
induction, 428 patients (64 %) achieved clinical benefit, of 
whom about 50 % had a baseline CRP >10 mg/l. The primary 
endpoint was clinical response (alike defined as in PRECISE 
1) trough week 26 in 213 patients who responded to induc-
tion with a baseline CRP level >10 mg/l. This aim was 
reached by 62 % of patients (69/112) receiving certolizumab 
compared to 34 % on placebo treatment (34/101) (p < 0.001). 
Furthermore, in this specific population, patients on mainte-
nance treatment with certolizumab were more likely to 
achieve clinical remission at week 26 (42 % in the certoli-
zumab group versus 29 % of placebo one, p < 0.001). The dif-
ferences between certolizumab and placebo were statistically 
significant, also considering clinical response and remission 
in all patients in the intention-to-treat population, regardless 
basal CRP level stratification (63 % versus 34 %, p < 0.001 
and 48 % versus 29 %, p < 0.001, respectively). Moreover, the 
efficacy of certolizumab over placebo was confirmed in all 
subjects across subcategories, such as patients taking or not 
immunosuppressants or steroids and patients with or without 
previous experience with infliximab [14]. However, post hoc 

analysis showed that the likelihood of successful certoli-
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zumab treatment was increased when administered as first 
line biological therapy [17]. In PRECISE 2, continuous 
certolizumab treatment was associated with significant 
improvements in fistula closure. In particular, of 58 induc-
tion-responders (14 %) with an open draining fistula, 36 % of 
patients (10/28) treated with certolizumab achieved 100 % of 
fistula closure compared to 17 % (5/30) of the placebo ones 
[18]. After completing the PRECISE 1 and 2 studies, patients 
were eligible to enter into PRECISE 3, an open-label exten-
sion trials, in which a maintenance treatment with 400 mg of 
certolizumab every 4 weeks has been warranted for 7 years 
(362 weeks), aimed to evaluate long- term safety ([19], 
Fig. 33.2). Disease clinical activity was assessed at each 
available visit (every 4 weeks) with Harvey–Bradshaw Index 
(HBI) [20], defining clinical remission as an HBI score of 4 
points or less. Patients, who experienced an exacerbation of 
disease and needed a dose-escalation or a rescue therapy, 
were considered to have treatment failure and were excluded 
from the efficacy analyses. Five hundred ninety-five patients 
entered the study, of whom 354 patients from PRECISE 1 
and 241 from PRECISE 2. Patients were subdivided in three 
different categories, according to the drugs regimen received: 

(a) “First exposure” (n = 166): who were randomized to pla-
cebo in PRECISE 1; (b) “Re-exposure” (n = 100): who, after 
an open-label induction with certolizumab, were randomized 
to placebo in PRECISE 2; (c) “Continuous exposure group” 
(329): who were continuously treated with certolizumab in 
PRECISE 1 and 2. About 71 % of patients were treated with 
certolizumab for more than one year and the mean number of 
certolizumab doses was 41. During the years, 117 patients 
completed the follow-up, receiving certolizumab 400 mg 
every 4 weeks, while 478 patients discontinued from the 
study, mainly for adverse events (44.6 %) in the first year. 
Over 7 years, 88.2 % of patients experienced an adverse 
events and 40.3 % experienced a severe adverse event, with-
out no significant differences among the three exposure 
groups. Opportunistic infections were reported in 114 
patients (all of them concomitantly treated with steroids) and 
the malignant neoplasm incidence rate was 0.84 cases/100 
patient-years. No new safety signals, no demyelinating dis-
orders, congestive heart failure or lupus-like syndrome were 
reported. Clinical remission rates (secondary aim), assessed 
by observed cases analyses, and were 55 % (325/591) at 
week 0 of PRECISE 3 and 75.5 % (78/103) at year 7. 
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Remission rates for the first exposure group were generally 
lower than the re-exposure group or the continuous group 
throughout all the study. All patients enrolled in PRECISE 2, 
who relapsed before week 26 and withdrew from the study, 
could enter PRECISE 4 [21, 22]. In this open-label exten-
sion, patients were again subdivided in two groups according 
to different treatment received in PRECISE 2: Group A, 
“drug interruption” patients randomized to placebo after 
open-label induction, who were reinduced with three doses 
of certolizumab 400 mg at week 0, 2, and 4; Group B, “con-
tinuous group” patients, randomized to certolizumab 400 mg 
every 4 weeks, who were “recaptured” with an additional 
dose after two weeks (week 0, 2, and 4). As in PRECISE 3, 
HBI has been preferred for treatment efficacy assessments 
for its greater convenience, adopting the same definitions for 
clinical response and remission. Of 428 patients enrolled in 
PRECISE 2, 168 patients (39 %) withdrew prematurely 
from the study. One-hundred twenty-four patients entered 
PRECISE 4, 75 from “drug interruption” and 49 from “con-
tinuous group”. The PRECISE 4 drop-out rate was 44 % (55 
patients) within the first 52 weeks, (44 %). After week 4, 
63 % of group A and 65 % of group B achieved clinical 
response that was maintained in 55 % and 59 % of them, 
respectively, through 52 weeks. No data are available beyond 
52 weeks.

 WELCOME Trial

The Welcome trial, a multicenter 26-week phase III-b, was 
the first study specifically aimed to evaluate the effectiveness 
and the tolerability of certolizumab in patients with moderate- 
to- severe CD with history of exposure to infliximab. Patients 
needed to have a well-documented history of loss of response 
(lack of improving or worsening after at least two infusions 
at standard dose) or intolerance (only mild-moderate infu-
sion reactions) to infliximab. After an open-label induction 
with certolizumab 400 mg at week 0, 2, and 4, patients in 
clinical response (CDAI score lower of at least 100 points 
from baseline) were randomized to a maintenance treatment 
with certolizumab 400 mg either every 4 weeks or every 2 
weeks. The primary outcome was clinical response at week 
6 that was met in 62 % of patients (334/539). Moreover at 
week 6, 69.2 % of patients experienced a 70-point or greater 
CDAI reduction and 39.3 % clinical remission (CDAI <150 
points). At week 6, 168 and 161 responders were random-
ized to certolizumab every 4 and 2 weeks, respectively. Of 
these, only 47 % (79 patients) and 44.1 % (71 patients) com-
pleted the 26-week study. Overall, 38 % (126/ 329) achieved 
clinical response at week 26, without any significant differ-
ences between two groups (39.9 % versus 36.6 %, p = 0.55). 
Corresponding remission rates were 29.2 % and 30.4 %, 
respectively. After randomization, 38 % of patients relapsed 

and switched to open-label certolizumab every 2 weeks, with 
benefit in 71 % of them, who regained a 100-point CDAI 
reduction. Post hoc analysis showed relevant improvements 
in health-related quality of life and work productivity in both 
treatment groups as early as week 6, maintained through 
week 26 [23]. Certolizumab was well tolerated and serious 
drug-related adverse events were reported in 15 patients 
(2.8 %) during induction and 12 (3.2 %) during maintenance. 
A single case of malignant neoplasm occurred during the 
study [23].

 Effectiveness and Safety in Crohn’s Disease: 
Open Label Studies

 MUSIC

This open-label multicenter single-arm study was the first 
aimed to evaluate the effectiveness of certolizumab in induc-
ing and sustaining mucosal healing in patients with moderate- 
to- severe ileo-colonic CD. Eighty-nine patients with baseline 
active endoscopic disease (ulcers in at least two segments and 
a CDEIS score of 8 or greater) [24] were treated with certoli-
zumab 400 mg at week 0, 2, and 4 and then every 4 weeks up 
to week 52. Endoscopic evaluations were performed at week 
0, 10, and 54. Overall, 80 patients completed the 10-week 
period and 53 patients the 54-week one. The mean ± SD 
CDEIS score at baseline was 14.5 ± 5.3. At week 10, the mean 
change in CDEIS score (primary outcome) was 5.7 (95 % CI 
4.6–6.8, p < 0.0001). With regard to secondary aims: endo-
scopic response (decrease of CDEIS score > 5 points), endo-
scopic remission (CDEIS score < 6), complete endoscopic 
remission (CDEIS < 3), and mucosal healing (absence of 
ulcerations) at week 10 were 54 %, 37 %, 10 %, and 4 %, 
respectively. At week 54 the corresponding rates were 49 %, 
27 %, 14 %, and 8 %, respectively. The safety profile was con-
sistent with that of previous CZP trials [25]. At week 8 and 
54, certolizumab plasma concentrations were measured and 
related to endoscopic activity. Higher plasma concentrations 
at week 8 were associated with endoscopic response 
(p-value = 0.0016) and remission (p-value = 0.0302) at week 
10. At week 54, the rates of endoscopic remission correlated 
with plasma concentrations (p-value = 0.0206) [26].

 Retrospective Cohort Studies

Stein et al. from Chicago retrospectively collected data of 87 
certolizumab treated patients during a 3-year period (April 
2008–May 2011). The majority of patients (75 %) had been 
previously exposed to another anti-TNF-alpha, discontinued 
in half of them for loss of response. Overall, 31 % (27/87) of 
patients achieved a sustained clinical response, including 13 
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ones who achieved remission (14.9 %). At last follow-up 
visit, 35.6 % (31 patients) were still on certolizumab treat-
ment. A single reinduction dose of certolizumab 400 mg was 
administered to 31 patients (35.6 %) after a median of 29 
weeks on therapy, but only five of them (16.1 %) maintained 
a sustained clinical response [27]. The largest retrospective 
cohort from clinical practice included 358 patients treated 
with certolizumab at Mayo Clinic during a 6-year period. 
The majority of patients (n = 311, 86.9 %) had previously 
received one or more different anti-TNF-alpha, with a median 
of two agents per patient (112 one anti-TNF-alpha and 189 
two) and most of them experienced one prior complication of 
CD and at least one bowel surgery. Certolizumab was adminis-
tered to all patients with a standard induction regimen (400 mg 
at week 0, 2, and 4), but different maintenance regimens were 
adopted: 400 mg every 4 weeks (226 patients, 91.1 %), 400 mg 
every 2 weeks (8 patients, 2.2 %), 400 mg every 3 weeks (1 
patient, 0.3 %) and 200 mg every 2 weeks (22 patients, 6.1 %), 
and 600 mg every 4 weeks (1 patient, 0.3 %). The median dura-
tion of certolizumab treatment was 13.2 months (range 0.5–
75.1) and the median follow- up (after certolizumab starting) 
was 26.2 months (range 0.9–76.9). At last follow-up, 43 % of 
patients (154) remained on certolizumab treatment. The pri-
mary outcome assessment was steroid-free complete response 
(SCR), defined as cessation of diarrhea and abdominal pain and 
in patients with fistulae, cessation of fistula drainage and clo-
sure of all draining fistula without steroids. The cumulative 
probability of SCR at week 26 was 19.9 % (95 % CI, 15.9–
24.5), lower for those one who received certolizumab as third 
line biological therapy. At a median of 8.7 weeks (range 2.4–
25.3) 59 patients (16.8) achieved SCR, of whom 38 experi-
enced a clinical relapse. The cumulative probability of survival 
free of loss of response was 65.3 % at 1 year and 45.7 % at 2 
year. Younger patients, with perianal complicated CD and prior 
primary nonresponder to adalimumab were at higher to fail 
certolizumab therapy. Serious adverse events were reported in 
23 patients (6.4 %) and 19 of these withdrew from certolizumab 
for this reason [28].

 Conclusions

Certolizumab is both effective and well tolerated for the 
treatments of CD patients. Data from controlled trials 
revealed the effectiveness of certolizumab in inducing a 
durable clinical benefit, also in patients who had already 
experienced anti-TNF-alpha. Certolizumab showed also effi-
cacy in inducing endoscopic improvements. The efficacy 
and safety of certolizumab outside clinical trials are not well- 
established, albeit a large cohort from real life confirmed the 
utility also in tough-to-treat patients.
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 Infliximab Pharmacology in Crohn’s Disease

Infliximab (initially called cA2) is a 149 kDa human–murine 
chimeric monoclonal IgG1 antibody, consisting to 25 % 
murine variable region and 75 % human constant region, 
linked by a disulfide bond [9]. In comparison to murine cA2, 
this chimeric antibody binds with higher specificity and 
affinity to soluble and membrane-bound TNF-α [10], the 
 latter immunological interaction leading to complement 
 activation and subsequent CD4+ macrophages and T cell 
cytotoxicity [11]. In addition, infliximab has been shown to 
increases the number of peripheral blood CD4+ and CD8+  
T cells, preventing homing of Th1 lymphocytes into inflamed 
tissue [12]. This finding is reflected in clear histological evi-
dence that infliximab successfully controls microscopic 
pathological findings [13]. This study compared histology 
specimen of patients exposed to infliximab and control 
 subjects and revealed significant reduction of mucosal, sub-
mucosal inflammation, reduced formation of transmural 
lymphoid aggregates and increased prevalence of muscularis 
mucosae reduplication in the treatment group.

Standard induction therapy for the treatment of CD has 
been established at 5 mg/kg IV at week 0, 2, and 6, achieving 
stable median peak concentrations ranging from 158 to 
195 μg/ml, with a terminal half-life of 9.5 days [14]. Interes-
tingly, determination of serial infliximab serum concentra-
tions post-infusion, and again at 2 and 4 weeks, did not differ 
in clinical responders vs. nonresponders. Following infusion 
of infliximab, the medication is exclusively found in the 
intravascular space with steady-state 4.5–6.0 L volume of 
distribution, primarily attributed to the low clearance, rang-
ing from 9.8 to 15 ml/h. In all subjects, infliximab remains 

detectable up to week 8, but is cleared completely by  
week 12.

Early work suggested that a clinical response to a dosage 
of 5 mg/kg infliximab was linked to threshold serum con-
centrations above the limit of detection at 1.4 μg/ml [15], 
particularly in patients with an elevated C-reactive protein 
[7]. Independent of inflammatory or fistulizing CD, serum 
concentrations of C-reactive protein prior to therapy with 
infliximab were significantly higher in patients responding 
to infliximab (16.8 mg/L), versus nonresponders (9.6 mg/L;  
p 0.02). When using a cutoff concentration of 5 mg/L, 
C-reactive protein concentrations greater 5 mg/L and less 
than 5 mg/L resulted in clinical response in 76 % vs. 46 % of 
patients, respectively (p 0.004; OR: 0.26 (0.11–0.63)). 
Elevated concentrations off CRP indicate the presence of 
active inflammation. Those individuals with normal or low 
CRP may be unable to elevate serum response in response to 
inflammation or they may have non-inflammatory Crohn’s 
(i.e., fibrotic disease), and thus they do not respond as well as 
those with active inflammation.

 General Considerations, Indications, 
and Patient Selection

Criteria for the appropriate use of infliximab in patients with 
Crohn’s disease have recently been reviewed by the European 
Panel on the Appropriateness of CD Therapy [16], the 
American College of Gastroenterology [17], The American 
Gastroenterological Association [18], The European Crohn’s 
and Colitis Organization, and other societies. The general con-
sensus agreement among experts is present for three specific 
clinical situations: (a) failure of azathioprine/6- mercaptoprine 
to control complex fistulizing disease, (b) steroid-dependent 
CD, and (c) for the maintenance of biologic- induced 
remission.

The need of biological therapy was further defined in the 
London Position Statement [19]. It was deemed appropriate 
in patients that have a virulent disease course. Specifically in 
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patients requiring two courses of steroids within a year, 
 hospitalization, immunomodulators, or surgery within 5 years 
were associated with a disabling course of CD [20]. 
Additional factors associated with disabling disease include 
age <40 years, initial requirement for steroids and perianal 
disease, indications that have been confirmed independently 
[21]. Therapeutic intervention with a biologic agent has also 
been advocated for severe disease, defined by the require-
ment for colonic and more than two small bowel resections, 
definite stoma within 5 years of diagnosis and complex fistu-
lizing disease [22]. Finally, stepwise logistic regression of 
240 CD patients treated with infliximab identified young 
age, colonic inflammation and the use of immunosuppres-
sive medications as factors for successful short term response 
to infliximab [23]. Whereas infliximab has been shown to 
play a significant role in the management of fistulizing and 
inflammatory CD, fibrostenotic disease is not controlled with 
this medication. The successful use of any therapeutic treat-
ment in patients with Crohn’s disease mandates the presence 
of inflammation. Hence the treatment of fibrostenotic disease 
mandates surgical intervention to manage the disease suc-
cessfully. Results from an open pilot study showed that only 
a small number of patients were able to avoid surgery for 
fibrostenotic CD in response to infliximab [24].

 Induction of Remission

The first randomized, placebo-controlled trial establishing 
infliximab as an agent for induction of remission was pub-
lished in 1997 [2]. For this 12 week study, 108 patients with 
a Crohn’s Disease Activity Index ranging from 220 to 450 
were recruited to receive placebo, 5, 10, or 20 mg/kg as a 
single infusion. Primary endpoint was a reduction in CDAI 
of 70 points by week 4. A measurable effect was apparent 
after only 2 weeks in patients receiving infliximab vs. pla-
cebo, with a response rate of 61 % vs. 17 % and remission 
27 % vs. 4 %, respectively. The primary endpoint at week 4 
was met by 65 % of patients in the treatment groups, but only 
17 % in the placebo group (p < 0.001). This difference in 
clinical response rates remained statistically significant 
through week 12, with 41 % for infliximab treated patients 
vs. 12 % in the placebo group (p 0.008). Rates for remission 
rates were not different for all patients at week 12. These 
findings established infliximab as an agent for induction of 
remission for moderate to severe disease.

Subsequently, in 1995 an open label clinical trial with  
ten steroid-dependent patients with endoscopic evidence of 
active disease was published. Of these ten subjects, eight 
received 10 mg/kg and two were treated with 20 mg/kg as a 
single infusion [25]. With the exception of one, all subjects 
reported improvement as reflected in CDAI decrease from a 
mean score of 257 at baseline to 114 by week 4 and 69 by 

week 8. C-reactive protein returned to normal within 2 weeks 
in all patients and the anti-inflammatory effect of infliximab 
persisted for the duration of 4 months.

In a follow-up open label, multicenter, dose-escalating 
study, 20 steroid-refractory patients were subjected to a sin-
gle infusion of 5, 10, or 20 mg/kg [26]. Clinical response and 
remission were defined as reduction of CDAI by 70 points 
from baseline and CDAI less than 150 at week 12, respec-
tively. Even though not statistically significant, the highest 
response and remission rates of 80 % and 60 % were achieved 
for the 10 mg/kg subjects, respectively. These studies helped 
demonstrate the efficacy of infliximab for the induction of 
remission.

 Maintenance of Remission and Mucosal 
Healing

 Maintenance of Remission

Establishing the role for infliximab as an agent for the induc-
tion of remission left the question whether it would play a 
role in the maintenance of remission.

In a landmark trial, the efficacy of infliximab for the 
maintenance of remission was assessed. A total of 573 
patients with a CDAI score of at least 220, consistent with 
mild to moderately active CD, received a single dose at week 
0 [3] (ACCENT I). Subsequently, 335 responders at week 2 
were then randomly assigned to one of three groups: I; pla-
cebo at week 2 and 6, followed by an infusion every 8 weeks: 
II, infliximab 5 mg/kg at week 2 and 6, continued at the same 
dosage every 8 weeks, and III, infliximab 5 mg/k at week 2 
and 6, continued at 10 mg/kg every 8 weeks. The primary 
endpoint of the ACCENT I trial was the number of patients 
in remission at week 30 and time to loss of response by week 
54. By week 30, the percentage of patients in remission was 
as follows: group I—21 %, group II—39 % (p = 0.003), and 
group III—45 % (p = 0.0002). The median time to loss of 
response was 19 weeks for group I, 38 weeks for group II 
and greater 54 weeks for group III. These findings highlight 
that patients responding to a single dose of infliximab are 
more likely to maintain remission at 1 year when treated 
with infliximab every 8 weeks.

Another study evaluated the efficacy of infliximab for the 
maintenance of remission in patients with Crohn’s disease. 
Rutgeerts et al. [27] defined the primary endpoint as a reduc-
tion in CDAI by 70 points and response as CDAI less than 
150, now determined at week 44. For this randomized, pla-
cebo controlled study, 73 patients were recruited and infused 
with 10 mg/kg infliximab, or albumin, the placebo arm of the 
study, every 8 weeks until week 36. Rates for remission 
increased from 37.8 % at week 12 to 52.9 % by week 44 in 
the treatment group, whereas rates went from 44.4 % at week 
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12 to 20 % in the placebo group (week 44: p 0.013). 
Interestingly, response rates were not statistically different 
comparing both groups.

At this point it is worth noting that a recent meta-analysis 
identified that there is a gap in knowledge regarding head-to- 
head trials comparing immunomodulator and biologic agents 
alone, and in combination [28]. There have been no large 
controlled trials yet performed to address these knowledge 
gaps. Analysis by the authors revealed that infliximab in 
combination azathioprine was superior to each medication 
alone for the maintenance of remission. The combination of 
infliximab and azathioprine, among other analyzed combina-
tions, was estimated to have a 99 % probability of being 
superior in comparison to placebo.

 Mucosal Healing

A follow-up subtrial investigated the rate of mucosal healing 
of the small and large bowel in a subset of 99 eligible partici-
pants of the ACCENT I trial with a total of 573 patients. The 
analysis was performed at baseline, week 10 and finally 
week 54 [27]. At week 10, mucosal healing was achieved in 
31 % of participants that received three dosages of infliximab 
as opposed to 0 % of those treated with a single dose. At 
week 54, complete mucosal healing was observed in 50 % of 
subjects that received 5 or 10 mg/kg maintenance therapy, as 
opposed to 7 % of participants treated with episodic inflix-
imab infusions. These results support the conclusion that 
scheduled maintenance therapy with infliximab is superior to 
episodic treatment to achieve mucosal healing. This study 
also identified a trend towards lower rates of hospitalization 
for patient with healed mucosa.

In lieu of repeat endoscopies to assess disease activity, 
C-reactive protein functions as a sensitive surrogate marker 
for intestinal inflammation. To evaluate for a maintained 
response or remission, a post hoc analysis of serum CRP con-
centrations in ACCENT I participants was performed [29]. 
This trial revealed a significant association of an elevated 
C-reactive protein at baseline ≥0.7 mg/dl with maintained 
remission in 45 % of participants at week 14, as opposed  
to 22 % in patients with C-reactive protein ≤0.7 mg/dl. 
Interestingly, normalization of C-reactive protein to <0.5 mg/
dl in response to infliximab by week 14 was more likely to 
result in higher sustained response and remission (56 %) vs. 
concentrations >0.5 mg/dl (37.2 %, p = 0.005).

 Primary and Secondary Loss of Response

• Failure to control intestinal inflammation with infliximab 
can be immediate or delayed, after showing an effect ini-
tially, defined as primary and secondary loss of response, 

respectively. The clinical definition of primary 
 nonresponse is lack of improvement of clinical signs and 
symptoms during induction therapy. Most clinicians 
assess treatment failure at 4 weeks. Recent data suggest 
that patients who initially respond may more gradually 
accrue remission over time Recognition that attainment 
of criteria for remission may require a longer period of 
time on therapy up to 6–12 weeks depending on agent.

• In contrast to primary response failure, some patients who 
meet the criteria for an initial clinical response eventually 
lose response to anti-TNF-α biopharmaceuticals. A major 
contributor to secondary response failure appears to be 
immunogenicity leading to production of antidrug anti-
bodies with drug removal and/or neutralization of TNF-α 
antagonistic activity as a consequence.

Primary loss of response to anti-TNF-α induction therapy 
has been observed in 40 % of clinical trials and up to 20 % in 

clinical series [30]. Interestingly, choosing another antibody 
in the same class results in a clinical response in 50 % of 
patients, supporting the argument that the lack of response is 
dependent on a specific medication, not the immunological 
mechanism targeted.

Secondary loss of response has been managed by dose 
escalation, change to a different biologic agent in the same or 
different class, addition of an immunomodulator, or surgery 
[19, 31, 32]. These interventions take time and at a signifi-
cant expense to patient and insurance companies [33].

Over time, patients on maintenance infliximab demon-
strate a loss of response when infused every 8 weeks [34].  
A prospective multicenter study assessed the efficacy of 
shortened infliximab infusion intervals in a cohort of patients 
with Crohn’s Disease Activity Index, ranging from 220–400, 
that lost response by week 14, following induction and main-
tenance therapy at 8 weeks [35]. Increasing the frequency of 
infliximab 5 mg/kg infusions to every 4 weeks resulted in 
retrieval of clinical response and remission rates of 83.3 % 
and 55.6 % at week 54, respectively. Improvement regarding 
response and remission was paralleled by increased trough 
levels, ranging from 4.9 to 8.9 μg/ml.

In another, randomized, controlled, single-blinded 12 
week study optimal management of secondary loss of 
response to infliximab was addressed [36]. Inclusion criteria 
were recurrent inflammation with a minimum CDAI score 
≥220 while on standardized treatment with infliximab. 
Patients were equally divided in two groups, 36 patients 
receiving a fixed treatment at 5 mg/kg every 4 weeks and 33 
patients receiving an individualized infliximab regimen 
based on (a) serum concentration (< or >3 μg/ml) and (b) the 
presence of antibodies (detectable or undetectable). The pri-
mary endpoint was defined as significant cost reduction for 
the individualized treatment group, without compromising 
control of CD.
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Clinical response rates at week 12, defined as a ≥70 points 
CDAI reduction, were not different in the algorithm vs. 
intensification group, determined at 58 % and 53 %, respec-
tively (RR 1.091, 0.731–1.673, 95 % CI, p 0.81). Quality of 
life assessment was similar for both groups. However, costs 
for the intensification group were 34 % lower in comparison 
to the algorithm treated group of patients (p < 0.001). 
Therefore, the conclusion of this study, not without compro-
mising treatment success, individualized dosing of inflix-
imab based on therapeutic drug monitoring of trough levels 
affords a significant cost reduction.

Alternatively, a clinical trial directly compared whether 
doubling the dose of infliximab to 10 mg/kg or increasing the 
frequency of infusion was more effective [37]. Doubling the 
dose of infliximab was superior to increasing the infusion 
 frequency, 77 % vs. 66 % (OR 1.7; 95 % CI 0.8–3.4). This 
increased therapeutic effect was sustained at 12 months, with 
50 % of patients receiving 10 mg/kg showing a clinical 
response in comparison to 39 % (OR 1.5; 95 % CI 0.8–2.9) in 
group of patients that received infliximab at an increased fre-
quency. It is worth mentioning that while on maintenance ther-
apy, an observational, retrospective study identified  specific 
single nucleotide polymorphisms in the TNF receptor super-
family were either associated with a loss of response and severe 
infusion reactions, or the maintenance of remission [38].

Given the concern of adverse outcomes, further increase 
in frequency and/or dosage of infliximab has not been  studied 
systematically and it is worthwhile to consider alternative 
medications. In a multicenter, placebo-controlled, double-
blinded study 325 patients, CDAI ranging from 220–450, 
becoming intolerant or lost their response to infliximab (sec-
ondary loss of response), were enrolled to receive adalim-
umab or placebo ([39], GAIN). Endpoints in this study were 
response and number of patients in remission at the end of 
adalimumab induction therapy at week 4. Remission was 
achieved in 21 % in the treatment group, as opposed to 7 % in 
the placebo group (p < 0.001), a difference that became appar-
ent by week 2. Even though not statistically significant, a 100 
point reduction in the CDAI was higher in the treatment 
group at the end of the study, 38 % vs. 25 % placebo (p > 0.05). 
Even though adalimumab presents a viable option treating 
infliximab loss of response, data regarding long- term out-
come are not available. Thus, if a patient is intolerant to an 
anti-TNF-α agent or has a secondary loss of response there 
are two treatment strategies that can be used; treatment with 
another anti-TNF-α agent or treatment with a biologic agent 
from another class, such as an anti-integrin antibody.

 Infliximab Serum Trough Concentrations 
and Antibodies

There is evidence that maintenance of infliximab trough lev-
els is associated with clinical response, remission, and muco-
sal healing [15, 40, 41]. Even though initially successful, 

approximately 60 % of treated CD patients eventually lose 
response to infliximab [42]. Loss of response has been attrib-
uted to an increased clearance with a significantly shortened 
half-life and trough level or the development of antidrug 
antibodies.

Clearance of infliximab in patients with IBD is indepen-
dent of disease type, CD or UC. However, antibody forma-
tion is associated with a 259 % increased clearance of 
infliximab from the circulation [43]. In addition, serum albu-
min concentrations <3 mg/dl and body mass index >30 lead 
to a decrease in half-life for this medication [8, 44].

In a recent prospective single center study (TAXIT study) 
it was demonstrated that screening patients with IBD on 
maintenance infliximab by measuring their trough infliximab 
serum concentrations, only 115 out of 263 (43 %) were found 
to be at target trough levels of 3 μg/ml to 7 μg/ml, with con-
centrations found to be <3 μg/ml in 76 (29 %) subjects [45]. 
At 1 year, dose escalation was successful in 69 CD patients 
out of 76 subjects, increasing the rate of remission from 66 % 
before dose adjustment to 85 % after correction, paralleled by 
a decrease in C-reactive protein from 4.3 to 3.2 mg/dl. 
Interestingly, 72 patients with infliximab trough level >7 mg/
dl were treated with dose reduction, resulting in a 28 % reduc-
tion in drug costs. Whether adjustment of dosage was based 
on clinical features or trough level did not make a difference 
achieving remission (66 % vs. 69 %), but lead to a higher rate 
of relapse in the clinically adjusted group vs. subjects treated 
with concentration based dosing (17 % vs. 7 %; p = 0.018).

Measurement of trough infliximab levels at week 14 fol-
lowing induction therapy with infliximab 5 mg/kg identified 
significantly lower serum concentrations in patients without 
sustained responses, as opposed to subjects with sustained 
response (1.9 μg/ml vs. 4.0 μg/ml) [41]. The authors con-
cluded that trough level ≥3.5 μg/ml at week 14 of mainte-
nance therapy with infliximab 5 mg/kg predict a durable 
sustained response in conjunction with a ≥60 % reduction in 
C-reactive protein in patient with a baseline C-reactive pro-
tein elevation ≥8 mg/L.

 Infliximab for Perianal and Fistulizing 
Disease

Management of fistulizing CD continues to be a challenge, 
requiring a multidisciplinary approach, in particular perianal 
fistulae. Defining a primary endpoint of 50 % and greater 
decrease in drainage from enterocutaneous fistulas with gen-
tle physical manipulation, infliximab at 5 mg/kg has been 
shown to be significantly more effective compared to pla-
cebo or 10 mg/kg (68 % p = 0.002; 26 %; 56 %, p = 0.02) [46]. 
Closure of all fistulas at 4 weeks duration when manipulated 
with gentle applied pressure of the fistulas, was observed in 
55 % and 38 % of patients receiving 5 mg/kg and 10 mg/kg 
of infliximab, respectively, but only 13 % of the placebo 
group achieved this secondary endpoint.
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In a multicenter, double blinded, placebo controlled trial 
the efficacy of infliximab to maintain fistula closure was 
assessed in 306 patients with CD (ACCENT II) and at least 
one active perianal or abdominal fistula [47]. All subjects 
received 5 mg/kg of infliximab intravenously at 0, 2, and  
6 weeks. A total of 195 responders and 87 nonresponder to 
induction therapy, assessed at week 10 and 14, were ran-
domly divided into groups receiving infliximab at 5 mg/kg or 
placebo every 8 weeks. Loss of response was defined as 
recurrence of draining fistulae and requirement for new or 
additional medications. For responders to induction therapy, 
at 54 weeks the median time to loss of response was 40 
weeks in the treatment group, vs 14 weeks for placebo 
(p < 0.001). Expressed differently, about 42 % in the treat-
ment group experienced a loss of response, whereas 62 % of 
patients in the placebo group did. Response at week 54 was 
maintained in only 23 % of placebo treated patients, com-
pared to 42 % in the infliximab group (p = 0.001), without the 
identification of independent predictors for a sustained 
response. This study also revealed that cross over to 10 mg/
kg in patients who lost response to 5 mg/kg might lead to 
recovery of a response. In summary, for patients responding 
to initiation therapy with infliximab at week 0, 2, and 6 for 
fistulizing CD, ongoing therapy maintained fistula closure.

 Infliximab and Pregnancy

Data from a historical registry-based study revealed that the 
average birth weight of newborns to primaparas and multip-
aras mothers with CD was significantly reduced by 185 g 
and 134 g, respectively [48]. Managing induction and main-
tenance remission of CD during pregnancy is challenging, 
given the limited number of choices for medical therapy. 
Direct exposure to infliximab (category B) during pregnancy 
within 3 months of conception did not result in an increased 
adverse outcome when compared to a control population 
recruited from the National Center for Health Statistics [5]. 
Adverse outcomes for control vs. infliximab treatment dur-
ing pregnancy was not significantly different when compar-
ing live births (67 % vs. 67 % (95 % CI: 56.3, 76.0)), 
miscarriages (17 % vs. 15 % (95 % CI: 8.2, 23.2)), and thera-
peutic termination (16 % vs. 19 % (95 % CI: 11.5, 28.0)). 
These findings were confirmed in follow-up studies, finding 
no difference in the rate of preterm delivery, intensive care 
unit admission, low birth weight, congenital malformations, 
elective abortions, and intrauterine growth restriction [49, 
50]. These results appear to hold true for the group of anti- 
TNF- α medications, regardless whether being started prior 
to or after conception [51, 52]. It is worth noting that spo-
radic case reports have described disseminated infection 
with Bacille Calmette-Guérin following vaccination of 
infants born to mothers treated with infliximab [53, 54]. 

However, immunization of infants born to mothers exposed 
to anti-TNF-α-α medications with non-live vaccines is con-
sidered safe without evidence of increased risk for infection 
of exposed children at 12 months [55] (PIANO).

 Infliximab for the Treatment 
of Extraintestinal Manifestations in Crohn’s 
Disease

A retrospective study of 10 years identified more than 5 % of 
patients with CD to be affected by at least one extraintestinal 
manifestation, with less than 1 % of patients having more 
than one disease [56]. In CD, prevalence rates of musculo-
skeletal, ocular, and dermatological diseases vary, depending 
on diagnosis and gender. Peripheral arthritis is a self-limited 
condition that parallels activity of intestinal inflammation, 
affecting large joints, like knee and ankle, being present in up 
to 15–20 % in CD patients [57]. With the exception of pyo-
derma gangrenosum, which occurred equally in women and 
men, 12.8 % vs. 12.6 %, ankylosing spondylitis was more 
common in men than women, 5.7 % vs. 4.3 %, and  iritis/ uveitis 
more common in women than men, 5.6 % vs. 3.4 %.

A large open label trial including 153 therapy refractory 
CD patients with peripheral arthritis showed that infliximab 
5 mg/kg induction therapy at 0, 2 and 6 weeks lead to signi-
ficant improvement in 61 % of cases at 12 weeks [58]. 
Interestingly, complete resolution of joint symptoms graded 
as none, mild, moderate and severe, and was observed in 
46 % of patients. Similarly, another, smaller open label trial 
identified improvement in 7 out of 11 patients with IBD and 
arthralgia treated with a single infusion of infliximab, as 
assessed by questionnaire [59].

In a multicenter, retrospective study involving 13 therapy 
refractory patients with CD and pyoderma gangrenosum 
were tested for safety and efficacy of infliximab [60]. With a 
mean time to response of 111 days (range 7–210 days), all 13 
patients experienced complete healing in response to treat-
ments with 1–24 infusions and cessation of steroid use. In a 
related, randomized, placebo-controlled, double-blind pla-
cebo controlled study, 13 patients received infliximab and 
were compared to 17 control subjects with a diagnosis of 
pyoderma gangrenosum alone, but not CD [61]. At week 2, 
46 % of subjects in the treatment group were considered 
improved, as opposed to 6 % in the placebo group (p = 0.025).

Regarding ankylosing spondylitis and CD, only one con-
trolled study has been published, so far [62]. In this study, 
infliximab induction therapy was followed by maintenance 
therapy every 5–8 weeks. Clinical response was measured 
by Bath Ankylosing Spondylitis Disease Activity Index at  
12 months. In comparison to the control group, scores for  
the treatment group decreased rapidly and were maintained 
at 12 months (40.05 vs. 18.1, p < 0.05), respectively. 
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Investigations of infliximab induction and maintenance 
 therapy for treatment for ankylosing spondylitis without 
concomitant CD, showed significant differences in symp-
toms and global assessment of ankylosing spondylitis. At 12 
weeks, 53 % of patients in the treatment group vs 9 % 
(p < 0.0001) in the placebo group showed improvement of 
validated clinical criteria [63].

Finally, infliximab has proven successful in patients with 
refractory posterior uveitis [64]. A total of five patients were 
enrolled and at 6 months follow-up, all patients were weaned 
off immunosuppressive therapy. In a related study, 13 
patients with uveitis were treated with infliximab 3 mg/kg, 
receiving between 1 and 24 infusions for up to 2 years [65]. 
Reduction of ocular inflammation and effect on visual acuity 
was observed in the majority of cases.

 Postoperative Treatment with Infliximab

Up to 75 % of patients with CD will require surgical inter-
vention at some point during the course of their disease with 
a cumulative rate for resection of 44 % at 1 year, 61 % at 5 
years, and 71 % at 10 years [66]. Postoperative recurrence 
has been estimated at 33 % and 44 % at 5 and 10 years, 
respectively.

Infliximab has been shown to prevent endoscopic post-
operative recurrence after ileo-colonic resection at 1 year 
when given within 4 weeks of surgery [6]. In comparison to 
placebo, recurrence was identified in 9.1 % of patient treated 
with infliximab vs. 84.6 % in the placebo group at 1 year 
(p = 0.0006). Macroscopic findings were supported by 
microscopic examination of biopsy material with histologi-
cal recurrence in the treatment group at 27.3 % and 84.6 % 
in the placebo group (p = 0.01). A long-term follow-up study 
5 years later showed that patients treated postoperatively 
with infliximab vs. placebo had a longer mean time to first 
endoscopic recurrence at 1231 ± 747 days, vs. 460 ± 121 
days (p = 0.003) and significantly longer mean time to sur-
gery at 1798 ± 359 days vs. 1058 ± 529 days (p = 0.047) [67]. 
The most recent study from the same group compared 
patients with a CDAI < 200 treated postoperatively with inf-
liximab vs. placebo at week 76 and 104. Clinically, recur-
rence at week 76 was reported in 12.9 % of treated patients 
vs. 20.0 % in the placebo group, which did not reach statisti-
cal significance (p = 0.097). However, endoscopic recur-
rence at week 76 and 104 was reported at 30.6 % vs 60 % 
(p < 0.001) and 17.7 % vs. 25.3 % (p = 0.098) for infliximab 
vs. placebo. This supports the consideration of infliximab 
for short and long term prevention of postoperative recur-
rence of CD.

 Biosimilars of Infliximab

Over the past 60 years, the incidence of inflammatory bowel 
disease has increased worldwide, making this group of dis-
eases a global problem, paralleled by an increase in patient 
eligibility for biologic therapy [68]. With the intention of 
lowering health care costs and improved affordability of 
medications, biosimilars were developed [69]. This includes 
CT-P13 (Remsima), which was approved by the European 
Medicines Agency and the Food and Drug Administration in 
2013 for the treatment of CD [70]. CT-P13 is biochemically 
similar to infliximab, with identical binding affinities for 
monomeric and trimeric forms of TNF-α and Fcγ receptors. 
Immunogenicity of infliximab and CT-P13 is equally strong 
as all tested sera with antibodies against infliximab cross- 
react with CT-P13, too [71]. In vivo experiments have shown 
that pharmacokinetics at a dosing range of 10–50 mg/kg 
were similar to infliximab [72].

In a retrospective multicenter trial, CT-P13 was tested in 
anti-TNF-α naïve patient with CD [73]. Response and remis-
sion rates were 90.6 % and 68.8 % at week 2 and 87.5 % and 
75 % at week 54. Remission was maintained in 25 out of 27 
patients (92.6 %). These findings indicate that the effect of 
CT-P13 is comparable to infliximab regarding efficacy and 
interchangeability.

The safety profile for CT-P13 and infliximab are compa-
rable, with adverse events reported at 63.9 % and 64.8 %, 
respectively [70]. The most significant adverse event was the 
reactivation of latent tuberculosis in patients that were 
treated with CT-P13 for rheumatoid arthritis.

 Safety of and Contraindications 
for infliximab

As with other anti-TNF-α inhibitors, infliximab belongs 
to a class of medications for which the FDA has issued a 
black box warning, as its use can result in serious and 
 life- threatening adverse events [74]. The three major 
components of this warning are increased risks for (a) 
serious infections  (tuberculosis, histoplasmosis, listerio-
sis, Pneumocystis pneumonia), (b) the development of 
lymphoma and other malignancies, and even (c) fatal hep-
ato-splenic T-cell lymphoma. While on treatment with 
infliximab, the estimated incidence for development of 
tuberculosis has been calculated at 52.5 cases per 100,000 
patient years [75]. In addition, when prescribed for the 
control of draining fistulae, treatment with infliximab 
lead to infections requiring antibiotics in nearly one-third 
of patients, with 5 % of patients experiencing serious 
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infections. In two patients the  opportunistic infections 
were identified as cytomegalovirus and cutaneous 
Nocardia [47].

Common side effects during infusion with infliximab are 
hypersensitivity reactions as manifested by urticaria, dys-
pnea and hypotension, reactions usually encountered during 
the first 2 h of infusion (infliximab package insert). Type III 
hypersensitivity reaction in form of serum sickness usually 
occurs 1–3 weeks after infusion. It has been observed after 
reintroduction of infliximab and even as soon as with the 
second dose of induction therapy. Pathophysiologically,  
this type of hypersensitivity is characterized by antibodies 

towards infliximab with fixation and activation of comple-
ment and precipitation of immune complexes in joint tissue, 
blood vessels, and skin [76]. Symptoms consistent with this 
type of hypersensitivity include polyarthralgias, myalgias, 
sore throat, fever, edema, and dysphagia. In anticipation of 
these side effects, it is mandatory for the infusion center  
to have acetaminophen, antihistamines, corticosteroids, and 
epinephrine available for immediate use. Primary preventa-
tive measures for infusion reactions include the gradual 
increase of infusion rate, use of an immunomodulator, and 
possibly premedication. However, premedication with corti-
costeroids, antihistamines, and antipyretics has been shown 
to be of limited and inconclusive efficacy [76]. Recommended 
secondary preventative measures include the use of an 
immunomodulator, graded dose challenge, and desensitiza-
tion (Table 34.1).
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 Background

The introduction of IL-12/IL-23 anti-p40 antibodies as a 
novel therapy for Crohn’s disease is a case study in basic 
immunologic observations derived from animal models of 
human disease translated to highly targeted treatment into 
the clinic. Based on the work of Mosmann and Coffman [1], 
effector T cell responses could be separated into two major 
types, the so-called Th1 T cells that produce interferon- 
gamma (IFNγ) and Th2 cells that produce IL-4, IL-5, and 
IL-13. The Th1 cells were implicated in Crohn’s disease, 
with IFNγ produced in excess by lamina propria T cells in 
animal models of Crohn’s disease as well as in Crohn’s 
patients [2, 3]. Th1 cells are directly induced from naïve T 
cells after exposure to interleukin-12. IL-12 is secreted by 
antigen-presenting cells activated by particular microbial 
components. Naïve T cells encountering a cognate ligand 
presented by a monocyte in the presence of IL-12 develop 
into a Th1 cells. These Th1 cells secrete IFNγ as part of the 
inflammatory response after encountering the same ligand 
thereafter. Interleukin-12 is a heterodimeric protein com-
posed of two covalently bound subunits, a p35 and p40 pro-
tein named for their relative molecular sizes (Fig. 35.1). 
Interleukin-12 binds to a specific cell surface receptor on  
T cells, the IL-12 receptor, another heterodimeric protein 
composed of the IL-12 receptor beta 1 (IL12Rβ1) and 2 
(IL12Rβ2) subunits.

In the late 1990s, data from several studies using animal 
models of colitis confirmed an important role for IL-12 
effects on Th1 T cells in the induction and maintenance of 
intestinal inflammation [4–6]. In a murine model of Crohn’s 
disease, trinitrobenzene sulfonic acid (TNBS) colitis, admin-
istration of anti-IL-12 antibodies at Day 0 (before inflamma-

tion began) or Day 21 (after colitis is established) prevented 
or reversed the inflammation [4]. Another model of Crohn’s 
disease, cell transfer colitis, also responded to anti-IL-12 
antibodies when administered early or late in the induction 
of colitis [7]. Other studies showed that anti-IL-12 induced 
apoptosis in large numbers of lamina propria CD4 T cells, 
suggesting a mechanism of action for anti-IL-12 therapeutic 
effects. So the facts that patients with Crohn’s disease have 
increased lamina propria IL-12 production coupled with the 
success of targeting IL-12 activity in animal models of dis-
ease (especially in treating established colitis) provided 
compelling evidence for trials of such an agent in Crohn’s 
disease.

The discovery of IL-23 along with its role in IL-17 pro-
duction, another cytokine appreciated for its emerging role 
in autoimmune inflammatory disease, forced a revision of 
the view that IL-12 and Th1 cells were solely responsible for 
Crohn’s disease. In fact, these discoveries helped to explain 
some inconsistencies in the Th1-Th2 dichotomy of T cell 
inflammation (such as why some Th1 animal models of auto-
immune disease get worse with blockade of interferon γ [8, 
9]), and spurred interest in investigating the roles of IL-23 
and IL-17 in IBD. IL-23 is related to IL-12 in that IL-23 is 
largely produced by cells of the innate immune system and, 
like IL-12, is a heterodimeric protein composed of a p19 
subunit covalently bound to a p40 subunit, the subunit com-
mon to the IL-12 molecule (Fig. 35.1). While IL-12 induces 
Th1 T cells, IL-23 is more important for the maintenance and 
function of IL-17-secreting cells (Th17 cells) [10, 11]; Th17 
T cells are induced by IL-6 and TGFβ, whereupon differen-
tiation into Th17 cells is accompanied by expression of cell 
surface IL-23 receptor making them responsive to IL-23 
stimulation. However, given the shared p40 subunit, an anti-
 p40 antibody would target both IL-12 and IL-23. Therefore 
it is easy to postulate that both IL-12- and IL-23-driven 
inflammation could be interrupted by administration of an 
anti-p40 antibody.

In fact, a role for IL-23 and IL-17 in human IBD, particu-
larly Crohn’s disease, was suggested by certain animal models. 
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In the IL-10 deficient mouse model of spontaneous colitis, 
specifically eliminating IL-23 or IL-17 effects could suc-
cessfully treat the colitis whereas eliminating IL-12 did not 
prevent inflammation [12]. In the cell transfer model of coli-
tis, where colitogenic naïve CD4CD45RBhigh T cells from 
wild type mice are infused into T cell-deficient mice (recom-
bination activating gene (RAG) knockout or severe com-
bined immunodeficiency (SCID) mice), the resulting gut 
inflammation displays a more pronounced dependency on 
IL-23. For instance in this transfer model, T cell-deficient 
recipient mice that also lacked IL-23 (RAG/p19 double 
knockout) were protected against developing severe colitis 
(which did not happen with IL-12-deficient RAG/p35 double 
knockout recipients) [13]. Similarly, mice that received 
CD4CD45RBhigh T cells that also lacked the IL-23 receptor 
and therefore were defective in developing robust Th17 cells 
[14] were also protected from developing colitis. However, 

despite the important role of the IL-23/IL-17 axis in the 
transfer model of colitis, blockade of IFNγ activity (either by 
treating mice with an anti-IFNγ antibody [15] or transferring 
T cells defective in IFNγ production [16]) also prevented 
development of gut inflammation. Furthermore, there are 
data that show that an intact IL-23/IL-17 cytokine axis may 
limit inflammation in animal models since IL-17-deficient T 
cells used in the transfer model of colitis have earlier onset 
weight loss and higher expression of inflammatory cytokines 
in the gut while IL-23-deficient (p19 knockout) mice have 
more severe TNBS-induced colitis [17, 18].

In addition to the preclinical data, the IL-23/IL-17 axis is 
associated with human Crohn’s disease since, like IL-12 and 
IFNγ, production of both IL-23 and IL-17 are significantly 
elevated [19, 20]. Moreover a low-prevalence polymorphism 
in the coding region of the IL-23 receptor gene confers pro-
tection from Crohn’s disease, and although the mechanism 

of this effect is not clear it has been proposed that the poly-
morphism results in the production of a soluble receptor 
splice variant that acts to antagonize IL-23. These data have 
lead to clinical trials testing whether anti-IL-17 strategies 
can treat active Crohn’s disease. Surprisingly, secukinumab 
(anti-IL-17A) treatment in Crohn’s patients was no different 
than placebo and was associated with a 43 % infection rate 
compared to 0 % in placebo (and four patients had severe 
mucocutaneous Candidiasis) [21, 22]. Moreover, a trial of an 
antibody to an IL-17 receptor A subunit (Brodalumab, AMG 
827) that could block activity of IL-17A, -E, and -F for the 
treatment of active Crohn’s disease was stopped early when 
Crohn’s disease symptoms worsened in the study drug treat-
ment arm [23]. In summary, while animal models have pro-
vided guidance to inflammatory pathway aberrancies in 
Crohn’s disease, namely the IL-12/INFγ and IL-23/IL-17 
cascades, it is currently unclear whether there is a clear ben-
efit to targeting one pathway over the other, but it is clear that 

an anti-p40 strategy has the potential to block important ini-
tiating and supporting cytokines that drive these pathways.

 Clinical Trials with Briakinumab in Crohn’s 
Disease

Briakinumab (ABT-874/J695) is a fully human IgG1λ anti-
body raised against the p40 subunit of IL-12/IL-23. This 
agent has been used in two completed Phase II trials in 
human Crohn’s disease that tested efficacy and measured 
safety. The first trial enrolled 79 patients with active Crohn’s 
disease and treated them with subcutaneous injections of 
placebo, 1 mg/kg, and 3 mg/kg [24]. Two cohorts received 
study drug as seven injections; the first treatment group was 
administered a single injection followed by six weekly injec-
tions and the other group was administered seven consecu-
tive weekly injections. Patients were followed for 18 weeks 
after the final injection. The primary objective of this study 
was observation of safety endpoints. Overall the patients tol-
erated the anti-p40 well where 84 % of patients completed all 
seven injections and 87 % completed at least six injections. 
While there were a number of adverse events that occurred 
in more than 10 % of both briakinumab and placebo patients 
(nausea, vomiting, abdominal pain, arthralgia, urinary tract 
infection, bronchitis, cough, headache, fever, and fatigue), 
these were not significantly different between placebo and 
briakinumab, and there were no serious infections. However, 
77–88 % of patients receiving 1 or 3 mg/kg and 25 % of pla-
cebo recipients reported local injection site reactions, the 
majority (88 %) of which was considered mild. Though nine 
severe adverse events occurred (seven briakinumab group, 
two placebo) none were adjudged related to the study drug.

For this study the secondary endpoints included rates of 
response (drop in the baseline Crohn’s Disease Activity 

Fig. 35.1 Interleukin-12 is a heterodimeric protein composed of two 
covalently bound subunits, a p35 and p40 protein named for their rela-
tive molecular sizes
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Index (CDAI) ≥ 100 points) and remission (CDAI ≤ 150 
points) at the end of treatment and at the end of follow-up 
(18 weeks after the final injection). The first treatment group 
showed response rates of 38 %, 63 %, and 56 % and remis-
sion rates at the end of treatment of 38 %, 31 % and 44 % for 
the placebo, 1 mg/kg, and 3 mg/kg groups respectively, with-
out any significant differences among them. The first treat-
ment group showed response rates of 25 %, 19 % and 50 % 
and remission rates at the end of follow-up of 13 %, 19 %, 
and 50 % for placebo, 1 mg/kg, and 3 mg/kg respectively, 
without any significant differences among them. In the sec-
ond dose cohort, at the end of treatment the response rates 
were 25 %, 27 %, 75 % and the remission rates were 0 %, 8 % 
and 38 % for placebo, 1 mg/kg, and 3 mg/kg respectively, 
with significant differences seen between placebo and 3 mg/
kg response rates (p = 0.03). Furthermore, at the end of the 18 
week follow-up period the response rates were 25 %, 19 %, 
69 % and remission rates were 0 %, 13 % and 38 % for pla-
cebo, 1 mg/kg, and 3 mg/kg respectively, with differences 
seen between placebo and 3 mg/kg response rates that tended 
toward but did not reach significance (p = 0.08). These data 
showed that clinical responses and remissions could be rap-
idly achieved (2–4 weeks) and could be durable after therapy 
was stopped.

Antidrug antibodies (ADAs) were identified in three 
patients from the 1 mg/kg dose (two in the first treatment 
group, and one who had them detected before receiving 
drug). These ADAs were associated with low serum levels of 
briakinumab and quick clearance but due to certain technical 
difficulties with this assay of measuring antidrug antibodies 
in the presence of anti-p40 drug, the actual rate of ADA for-
mation may be underestimated, as they were not detected in 
three other subjects who also had unusually low briakinumab 
levels.

Changes in lamina propria mononuclear cell cytokine 
secretion and improvement in mucosal histology at the end 
of treatment were measured in a subset of nine patients. Of 
the eight patients who received briakinumab, seven reported 
a clinical response and all of these patients showed signifi-
cantly decreased production of IL-12, IFNγ, and TNFα at the 
end of treatment; the sole primary nonresponder in this group 
had low pretreatment levels of IL-12, an increase in IFNγ 
production at the end of treatment and no change in TNFα. 
Similarly, primary responders to briakinumab had signifi-
cantly decreased production of IL-23 and IL-17 at the end  
of treatment [20]. So these data show that anti-p40 was well 
tolerated by Crohn’s patients. Additionally, there was effi-
cacy at a higher dose and using a dosing strategy of uninter-
rupted administration.

With this data in hand, a second briakinumab Phase IIb, 
randomized, double-blind, parallel group, placebo- controlled 
dose ranging study was conducted. Using a 12 week induc-
tion phase and a 12 week maintenance phase, the objective 

was to test the efficacy and safety of inducing and maintain-
ing remission in Crohn’s disease [25]. Patients with active 
Crohn’s disease (CDAI 220–450) received intravenous 
 infusions of briakinumab (400, 700 mg) or placebo every  
4 weeks for 12 weeks; at the end of treatment, responders 
(drop in CDAI of ≥70 points) were eligible for a mainte-
nance extension phase at the same dose (only patients receiv-
ing 700 mg IV every 4 weeks in the induction phase were 
re-randomized to placebo, 200 mg, or 700 mg IV every 4 
weeks) and treated for 12 weeks when clinical assessments 
were made at Week 24. Patients who were not in clinical 
response at week 12 were eligible for enrollment in open 
label treatment using 700 mg IV every 4 weeks (for up to 2 
years from week 0) in addition to patients who were not in 
clinical remission at Week 24 (CDAI <150), and patients 
who relapsed during the maintenance treatment or follow-
 up. The primary endpoint was rate of remission at Week 6; 
secondary endpoints included remission rates at Week 12, 
Week 24 (among those responding at Week 12), and response 
rates (drop in CDAI of ≥100 points) at Weeks 6, 12, and 24. 
There were 48 patients receiving placebo, 45 receiving 
400 mg, and 139 receiving 700 mg at the start of the study. 
The primary endpoint of remission at week 6 was not met, 
with no differences among rates for placebo (9 %), 400 mg 
(13 %), or 700 mg (17 %); however, at Week 12 there  
were significant differences among remission rates for bria-
kinumab comparing placebo (11 %) to 400 mg (29 %, 
p = 0.03) (but not versus 700 mg (22 %), p = 0.087). At nei-
ther Weeks 6 nor 12 were there any significant differences 
among clinical response rates for placebo, 400 or 700 mg: 
17 %, 36 %, 37 % and 20 %, 31 %, and 40 % respectively. At 
the end of the 12 week maintenance treatment, there were no 
significant differences between placebo and the 400 or 
700 mg doses either for response (36 %, 62 %, and 71 %, 
respectively) or remission (29 %, 48 %, and 57 %). When 
looking at the subset of patients with elevated C reactive pro-
tein serum levels (CRP ≥ 1 mg/dL), a group repeatedly seen 
to have lower placebo response rates across many trials, the 
six week remission rates showed a trend toward improved 
results without reaching significance: six week remission 
rates for placebo, 400 and 700 mg doses in the high CRP 
group were 5 %, 21 %, and 18 % compared to 11 %, 5 %, and 
17 % respectively. Stratifying patients according to anti- 
TNFα experience (naïve, responder, nonresponder) did not 
show significant differences in remission rates at Week 6 
either, although by this point the diminishing numbers in cer-
tain categories precluded adequate powering of the analysis. 
In terms of adverse events, there were no significant differ-
ences between rates in placebo or study drug groups; the 
infectious adverse events in both groups during induction 
and maintenance dosing were rather high (25–34 %), but the 
rate of serious infectious adverse events and opportunistic 
infections, specifically oroesophageal Candidiasis, were 
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lower at less than 5 %. Injection site reactions were  infrequent 
(0–6.5 %) consistent with the intravenous  administration, 
and eight serious infusion reactions occurred in the open 
label extension phase.

In summary, the first of these two studies gave an indica-
tion that targeting the IL-12/IL-23 pathways could induce 
clinical improvement in Crohn’s symptoms in patients with 
long-standing disease. Furthermore, this outcome was sup-
ported by significant decreases in the effector cytokines (IL- 
12, IFNγ, IL-23, and IL-17) thought to be specifically driving 
the gut inflammation in Crohn’s disease. In contrast, the fol-
low- up study using larger doses and long-interval intrave-
nous infusion failed to show significant differences in early 
clinical benefit, however there were trends showing benefit 
at 12 weeks and beyond, even reaching rates of clinical 
response seen in the first trial. Briakinumab has subsequently 
been shown to be highly effective in psoriasis [26] but have 
more limited efficacy in multiple sclerosis [27].

It should be noted that briakinumab was primarily being 
developed as a treatment for psoriasis but was terminated 
during the approval process due to the need for further time- 
sensitive data required of the manufacturer and potential 
safety issues in the form of major cardiac events reported (in 
abstract) in one psoriasis trial may have contributed to this 
decision [28–30]. The issue of cardiovascular risk associated 
with psoriasis and biologic treatments has been subsequently 
reviewed [31].

 Ustekinumab

Ustekinumab is a fully human monoclonal IgGκ antibody 
that can bind to IL-12, IL-23, and the p40 monomer [32]. 
Binding of ustekinumab to IL-12 or IL-23 interrupts cou-
pling of the cytokines to the cell surface IL12 receptor (via 
the IL-12Rβ1 subunit) and prevents intracellular signaling 
and T cell activation. While this agent is currently approved 
for use in psoriasis, it has also been investigated for multiple 
sclerosis, psoriatic arthritis, and Crohn’s disease [33]. The 
first published trial of ustekinumab in Crohn’s disease ran-
domized 104 patients to a double-blinded, cross-over, 
placebo- controlled Phase IIa induction study [34]. Patients 
were randomized to one of four dose regimens: (1) four 
weekly SC doses of placebo, then after a four week washout, 
four weekly doses of 90 mg ustekinumab SC (n = 25), (2) 
four weekly SC doses of 90 mg ustekinumab SC, then after 
a four week washout, four weekly SC doses of placebo 
(n = 25), (3) IV placebo followed by 4.5 mg/kg IV 
ustekinumab 8 weeks later (n = 27), or (4) 4.5 mg/kg IV 
ustekinumab followed by IV placebo 8 weeks later (n = 26). 
The primary endpoint was the rate of clinical response at 
Week 8 (overall decrease in CDAI by ≥70 representing a 
≥25 % drop from the pretreatment score). Secondary end-

points included rates of clinical response at Weeks 4 and 6, 
and remission rates (CDAI ≤150 points) and “100-point 
response” rates at Weeks 4, 6, and 8 (there was also an 
 endpoint assessment at Week 16 for those randomized to the 
third arm, so that response to the single dose of ustekinumab 
at Week 8 could be measured).

The Week 8 clinical response primary endpoint was not 
met in this study, but patients receiving the single intrave-
nous dose of ustekinumab had a significantly higher response 
rate at Week 6 compared to placebo (54 % vs 22 %, p = 0.024). 
Using the data combined from both routes of administration, 
rates of response were significantly higher at Weeks 4 and 6 
(53 % versus 30 %, p ≤ 0.02), and a 100-point response was 
seen at Week 6 (49 % versus 25 %, p = 0.01). There were no 
differences in rates of remission. Interestingly, when analyz-
ing the subset of patients (n = 49) who had previously been 
exposed to infliximab (regardless of response to infliximab), 
the clinical response rates for ustekinumab were significantly 
higher at every time point compared to placebo, 55–59 % 
versus 15–26 %, respectively. In an open label extension 
study of ustekinumab in patients who reported primary or 
secondary nonresponse to infliximab, the clinical response to 
either a single intravenous 4.5 mg/kg dose (n = 14) or four 
weekly SC injections of 90 mg (n = 13) was similar at Week 
8 (54 % versus 43 %), but there were higher response rates 
for the IV administration at all the earlier time points perhaps 
reflecting a quicker onset of action related to the route of 
administration. Additional analyses based on changes in C 
reactive protein after treatment, show that ustekinumab 
administration is associated with decreased CRP serum lev-
els, higher baseline CRP is associated with higher 
ustekinumab response rates, and prior infliximab experience 
may amplify these effects [35].

Safety results showed that while there were no significant 
differences in adverse event rates through week 8 between 
the blinded placebo and treatment groups, the total adverse 
event rates were rather high (68–85 %). However, of those 
adverse events reported more than 10 % of the time, the pla-
cebo patients reported more nausea, worsening of Crohn’s 
symptoms, fatigue and pharyngolaryngeal pain. Placebo 
patients also reported higher rates of infection but no one had 
a serious or opportunistic infection or malignancy. Serious 
adverse events were mostly related to complications or wors-
ening of Crohn’s disease. During the follow-up phase, dis-
seminated histoplasmosis was seen in an ustekinumab 
recipient who was taking azathioprine and prednisone con-
comitantly, and viral gastroenteritis occurred in another 
ustekinumab subject. A 54 year old male subject with an 
elevated prostate-specific antigen serum level at baseline 
was diagnosed with prostate cancer 2 months after intrave-
nous ustekinumab. A female patient was diagnosed with 
basal cell carcinomas 6 months after her final ustekinumab 
injection.
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A second trial tested the efficacy of ustekinumab in 
moderate- to-severe Crohn’s disease patients who were resis-
tant to anti-TNF drugs [36]. Eligible patients had active 
Crohn’s disease (CDAI 220–450) and met specified criteria 
for anti-TNF primary nonresponse, secondary nonresponse, 
or side effect intolerance. For the 8 week induction phase, 
526 patients randomly received 1, 3, or 6 mg/kg or placebo 
IV at week 0 and then 145 patients who had response to 
study drug (≥100 point drop in the CDAI) measured at week 
6 were randomized to maintenance dose of 90 mg or placebo 
SC at weeks 8 and 16. Clinical response at week 6 was the 
primary end point and each dose level had a significantly 
higher rate (1 mg/kg 36.6 %, p = 0.02; 3 mg/kg 34.1 % 
p = 0.06; 6 mg/kf 39.7 % p = 0.005) compared to placebo 
(23.5 %). However there were no differences in the remis-
sion rates (placebo 10.6 %, 1 mg/kg 16.0 %, 3 mg/kg 15.9 %, 
and 6 mg/kg 12.2 %). For those in the maintenance phase 
clinical response at week 22 occurred significantly more fre-
quently in the treatment group (69.4 % vs 42.5 % p < 0.001) 
including a significant achievement of remission (41.7 % vs 
27.4 % p = 0.03) and sustained clinical response (55.6 % vs 
32.9 % p = 0.005) compared to placebo. Patients who were 
primary nonresponders to the induction dose were unlikely 
to be responders to the maintenance dosing (20.2 % study 
drug vs 18.2 % placebo). Serious infections occurred in five 
patients in the 6 mg/kg induction group (C. difficile, viral 
gastroenteritis, urinary tract infection, anal abscess and 
 vaginal abscess), in one 1 mg/kg patient (central line staphy-
lococcal infection) and one placebo patient (anal abscess). 
There were no safety signals from the maintenance phase 
data. A survey of the supplemental data showed that baseline 
characteristics significantly associated with the primary out-
come measures were above-median age, male gender, 
Caucasian race, the two lowest quartiles of weight, 
CDAI > 300 and CRP > 0.3 mg/dL. In addition secondary 
nonresponse and failure with at least two anti-TNF agents 
were significantly associated with the primary outcome. 
These data suggest additional biological effects that could 
affect outcome as endophenotypes of inflammatory bowel 
diseases and their susceptibility to more highly targeted ther-
apies emerges.

In the interim, additional case reports have documented 
the utility of ustekinumab for similarly anti-TNF-refractory 
disease [37–40] as well as for treatment of pyoderma gan-
grenosum [41, 42] and even anti-TNF-induced alopecia and 
psoriasis [43, 44]. The long-term safety data show no charac-
teristic predisposition to specific malignancies or infections 
and isolated reports document inexplicable central nervous 
system demyelinating inflammation coincident with 
ustekinumab use or appearance of melanoma (in a patient 
with dysplastic nevus syndrome) [45–48].

These ustekinumab trial data show that this agent can 
induce a clinical response in patients with active, established 
Crohn’s disease, but this seems to be limited to patients who 

have a history of anti-TNF treatment either as primary or 
secondary nonresponders. This is counter to the experience 
with briakinumab where anti-TNF naïve Crohn’s patients 
had significant response to treatment. The ustekinumab data 
also suggest that that there are subsets of disease that do 
respond better including the presence of an elevated CRP 
and anti-TNF exposure history.

 Conclusions

The discovery of IL-12 and IL-23 and the key roles they play 
in inflammation in animal models of human disease have 
positioned them among the top targets for developing novel 
drugs for Crohn’s disease. However, there is a notable gap 
between the success of blocking IL-12/IL-23 p40 in animal 
models of Crohn’s disease and the reports of successful treat-
ment of human disease. Obviously, an advantage of the ani-
mal model is that a more uniform inflammation is induced by 
the use of timed colitogenic exposures in genetically identi-
cal subjects to test the effects of a specific therapy. In human 
disease and therapeutic trials, subjects have various pheno-
types of disease, with different durations of disease and have 
genetically disparate backgrounds. These factors can make 
blocking IL-12/IL-23 p40 of differential importance to early 
versus late disease, to recurrent versus persistent disease, or 
to one individual versus another independent of duration or 
course of disease. Unfortunately there are no biomarkers yet 
known that would predict which patient would derive the 
better outcome from IL-12/IL-23 p40 targeting.

Many other influences on the therapeutic effect of target-
ing IL-12/IL-23 p40 in Crohn’s disease also have not been 
worked out. These include the differential pharmacologic 
effects of early, constant, prolonged high concentrations of 
IL-12/IL-23 p40 immunoneutralization on cytokine cell sur-
face receptor and intracellular signaling as compared to peak 
and trough dosing. The results of the first briakinumab study 
in Crohn’s disease would suggest this is important. In addi-
tion IL-12/IL-23 p40 is secreted in large amounts as a mono-
mer and homodimer that can be recognized by antibodies, 
and ustekinumab recognizes the p40 monomer [32]. Binding 
to these molecules could act as a sink for the drug and leave 
the unbound IL-12 and IL-23 heterodimers still active; alter-
natively since p40 homodimers can act as an antagonist to 
IL-12, the differential binding of a therapeutic antibody to 
the p40 homodimer could alter what might have been a ben-
eficial balance of homodimers and heterodimers even in an 
established inflammation [49]. Finally, it is not at all clear 
whether there is a hierarchy of cytokine targeting, e.g., 
IL-12/INFγ versus IL-23/IL-17, at various stages of Crohn’s 
disease or among individuals; this is important in that INFγ, 
IL-17, and the regulatory cytokine IL-10 seem to exist in a 
balance, one that might be unpredictably disturbed with the 
use of anti-p40 antibody.
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The data from animal models and human trials using 
 anti- IL- 12/IL-23 p40 antibodies in Crohn’s disease suggest 
that there is a future for this targeted approach in establishing 
new therapies. Furthermore, because there are a large num-
ber of legitimate questions about how best to administer 
these drugs and monitor its activity, these trial results are 
only a first attempt at estimating efficacy. Additional knowl-
edge about immunotypes and associated biomarkers that 
identify patients at highest probability for response as well as 
strategies that can position patients for improved response 
will ultimately fulfill the promise of targeting IL-12/IL-23 
p40 in Crohn’s disease.
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Biological Therapy of Crohn’s Disease: 
Natalizumab, Vedolizumab, 
and Anti-MadCAM

Pieter Hindryckx and Geert D’Haens

Intestinal inflammation is highly dependent on the recruitment 
of white blood cells out from the circulation to the mucosal 
immune system of the gut. Diapedesis and transmigration of 
activated lymphocytes to the site of inflammation is tightly 
regulated by a complex interaction between integrins on the 
leukocyte surface and cell adhesion molecules on microvas-
cular endothelial cells of post-capillary venules (Fig. 36.1). 
Already in the early nineties, increased expression of vascu-
lar cell adhesion molecules was demonstrated in inflamma-
tory bowel disease (IBD) [1–3]. This prompted investigation 
of anti-adhesion therapy as a therapeutic strategy in IBD. In 
1993, Podolsky and coworkers showed that a monoclonal 
antibody targeting the leukocyte α4 integrin was effective in 
the treatment of colitis in the cotton-top tamarin [4]. Some 
years later, Hesterberg et al. found similarly beneficial effects 
in this model with an antibody against the gut- specific integ-
rin dimer α4β7 [5]. These preclinical studies opened the gate 
for clinical pilot trials with anti-adhesion agents in 
IBD. Following a long developmental process, anti-adhesion 
molecules have now entered the therapeutic armamentarium 
of IBD. In this chapter, we summarize and discuss the evi-
dence for the use of natalizumab, vedolizumab, and anti-
MadCAM in CD.

 Natalizumab

Natalizumab (Perrigo Company plc, Dublin, Ireland) is a 
recombinant humanized antibody (containing 5 % mouse- 
derived protein) against the human a4 integrin. In 2001, a 
first small-scale randomized, double-blind clinical trial was 

performed comparing a single dose of 3 mg/kg intravenous 
natalizumab with placebo in active CD patients [6]. Although 
the primary endpoint (change in the Crohn’s disease activity 
index at week 2) was not met in this study, the results were 
promising enough to warrant a large-scale multicenter phase 
2 trial with natalizumab in moderate-to-severe CD, pub-
lished in 2003 [7]. Anti-TNF naïve CD patients were ran-
domly assigned to four different treatment regimens (two IV 
infusions of placebo or one infusion natalizumab at 3 mg/kg 
and one infusion of placebo or two infusions of 3 mg/kg 
natalizumab or two infusions of 6 mg/kg natalizumab). The 
primary endpoint was clinical remission (CDAI < 150) at 
week 6. Patients receiving two infusions of 3 mg/kg natali-
zumab had a significantly higher rate of clinical remission at 
weeks 4, 6, 8, and 12 compared to the placebo group (27 % 
versus 44 % respectively at week 6) [7]. A few years later, 
these results were confirmed in the phase 3 “Efficacy of 
Natalizumab as Active Crohn’s Therapy” (ENACT-1) [8]. In 
contrast to the previous studies, previous use of anti-TNF 
agents was allowed and natalizumab was given at a fixed 
dose of 300 mg at week 0, 4, and 8. The primary endpoint 
was clinical response (drop in CDAI of at least 70 points) at 
week 10 and was not reached in this study [8]. Patients who 
had a response both a week 10 and week 12 were eligible for 
the maintenance trial (ENACT-2) in which patients were re- 
randomized 1:1 to placebo or 300 mg of natalizumab every 4 
weeks [8]. The primary endpoint in ENACT-2 was sustained 
response (with loss of response being defined by an increase 
in the CDAI score of at least 70 points after week 12 and by 
an absolute score of at least 220 or the need for intervention 
after week 12) at week 36 which was observed in 61 % of 
patients on natalizumab and 28 % on placebo (P = 0.003) [8]. 
However, ENACT-2 was prematurely halted by the manu-
facturer because of three cases of JC virus-related progres-
sive multifocal leukoencephalopathy (PML), which was 
considered to be associated with the study drug All published 
as case reports. PML was caused by reactivation of the ubiq-
uitous JC virus in combination with impaired immune sur-
veillance in the central nervous system due to blockade of α4 
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[9–11]. Retrospective analysis showed that an additional 
patient had died from JC virus-related PML during an open- 
label extension study of ENACT-2 [8]. As a result of this rare 
but life-threatening adverse event the European Medicine 
Agency (EMA) concluded that the benefits of natalizumab in 
the treatment of CD did not outweigh the risk [12] and 
refused marketing authorization in Europe for CD although 
the agent was approved for multiple sclerosis under the name 
TysabriR. A later second induction trial, “Efficacy of 
Natalizumab in Crohn’s Disease Response and Remission” 
(ENCORE), showed that natalizumab was also effective as 
an induction agent in patients with moderately to severely 
active CD with an elevated serum CRP as an objective 
marker of inflammation at baseline with the primary end-
point being induction of response (>70-point decrease from 

baseline in the Crohn’s Disease Activity Index score at 
week 8), sustained through week 12 [13]. In 2008 the FDA 
approved natalizumab (TysabriR) for the treatment of 
moderate- to-severe Crohn’s disease not responding to, or not 
tolerating, conventional therapies for CD including inhibi-
tors of TNF-α, albeit under a strict patient safety monitoring 
program [14, 15]. In the meantime, risk factors for PML have 
been identified: JCV seropositivity (in approximately 70 % 
of patients), previous exposure to immunosuppressive drugs, 
and exposure duration >2 years [16] leading to the recom-
mendation to use the drug without concomitant immuno-
suppression However, the future of anti-integrin therapy 
was considered to lie in the development of more selective 
blockade of the integrin β7 or the combination α4β7 which 
would ensure higher gut-selectivity.

IEC

Goblet
cell

High endothelial venule

α4β7

CCR9

MAdCAM-1

IL-17R

CXCR1

Lamina propria

VCAM-1

α4β1

Fig. 36.1 Integrin heterodimers α4β1 and α4β7 on CCR9-expressing 
gut-homing T-lymphocytes form a stable binding complex with cell 
adhesion molecules (respectively VCAM-1 and MAdCAM-1) on the 
endothelium of postcapillary venules in the gut, allowing them to dia-
pedesize into the lamina propria and feed the inflammatory process in 

IBD. Natalizumab is an anti-α4 antibody blocking both the α4β1- 
VCAM- 1 interaction and the α4β7-MAdCAM-1 interaction. 
Vedolizumab and anti-MAdCAM-1 only inhibit the gut-specific α4β7- 
MAdCAM- 1 interaction by respectively blocking the α4β7 dimer and 
MAdCAM-1
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 Vedolizumab

Vedolizumab is a recombinant humanized IgG1 monoclonal 
antibody targeting the alpha4beta7 integrin on leukocytes. In 
contrast to natalizumab, vedolizumab only inhibits adhesion 
of leukocytes to the relatively gut-selective MAdCAM-1 and 
not to VCAM-1, which is also expressed in the brain endo-
thelium [17].

In 2008, a dose-finding trial with the anti-α4β7 antibody 
MLN0002 (Millennium, Boston, MA) in 185 moderately 
active anti-TNF-naïve CD patients [18] did not meet the pri-
mary endpoint (clinical response CDAI70 at 8 weeks 
although the results suggested a dose-dependent clinical 
benefit of MLN0002 therapy for the induction of remission, 
necessitating a larger clinical trial [18]. After humanizing the 
monoclonal antibody to “vedolizumab,” a large phase 3 pro-
gram was launched. In the GEMINI-2 study, 368 patients 
with moderately to severely active CD and at least one objec-
tive sign of active inflammation (significant endoscopic 
lesions, elevated CRP or elevated fecal calprotectin + posi-
tive findings on imaging) were randomly assigned to treat-
ment with vedolizumab (300 mg IV at week 0 and week 2) 
or placebo at a 3:2 ratio [19]. The primary endpoints were 
clinical remission (CDAI < 150) and clinical response (CDAI 
drop of at least 100 points) as early as at week 6. In contrast 
to the previous trial, most of the patients were anti-TNF- 
experienced and concomitant use of corticosteroids and/or 
immunomodulators (in non-US patients) were allowed at 
stable dose. In addition, a significant proportion of patients 
had fistulizing disease and/or previous surgery for their 
CD. Patients receiving vedolizumab were twice as likely to 
be in clinical remission at week 6 as compared to patients 
who had received placebo, although the absolute numbers 
remained somewhat disappointing (14.5 % versus 6.8 % 
respectively) [19]. There was no statistically significant dif-
ference between vedolizumab- and placebo-treated CD 
patients with regard to the CDAI-100 response (one of the 
two primary endpoints) and there was surprisingly little 
effect of the treatment on serum CRP concentrations [19]. A 
later study (GEMINI 3) specifically investigated the efficacy 
of vedolizumab as an induction agent in CD patients with 
previous anti-TNF failure [20]. The primary efficacy out-
come was clinical remission at week 6 (!). Again, vedoli-
zumab treatment was not superior to placebo. However, 
these relatively poor “early” results may be explained by the 
slow mode of action, given the observation that vedolizumab 
significantly increased clinical response and remission rates 
beyond [20].

Also in GEMINI 2, 747 additional CD patients were 
treated with open label vedolizumab to in a feeder study for 

the maintenance study, in which patients with a clinical 
response (CDAI70) were re-randomized to placebo, vedoli-
zumab 300 mg every 4 weeks or vedolizumab 300 mg every 
8 weeks [19]. The primary endpoint was clinical remission at 
week 52. The effects of vedolizumab in this maintenance 
trial were quite robust, with 39 % of the patients in clinical 
remission on vedolizumab compared to 21.6 % on placebo 
and glucocorticoid-free remission in approximately one third 
of the vedolizumab-treated patients, irrespective of the dose 
interval (4 weeks or 8 weeks) [19]. The safety profile of 
vedolizumab was comparable to placebo and no single case 
of PML has been observed [19]. As a result, in 2014 both the 
FDA and the EMA approved vedolizumab (EntyvioR) for the 
treatment of Crohn’s disease (and ulcerative colitis) that is 
insufficiently controlled by conventional treatment and/or 
anti-TNF agents [20, 21]. Further data on mucosal healing, 
effects on fistula, postoperative recurrence, and pouchitis 
warrant further dedicated trials.

 Anti-MAdCAM-1 Antibodies

The anti-MAdCAM monoclonal antibody PF-0547659 was 
investigated in a phase-2 dose-finding induction study 
(OPERA-1) in moderate—severe CD patients intolerant or 
refractory to anti-TNF and/or immunosuppressant therapy 
[22]. All patients had objective evidence of active disease 
(elevated (hs) CRP and mucosal ulcerations on endoscopy) 
and the primary efficacy parameter was a CDAI-70 response 
either by week 8 or week 12. Although the active treatment 
arms, in contrast to the placebo arm, were associated with 
increased circulating α4β7+ central memory T cells as a 
clear biological signal of the inhibitory effect of the active 
agent on MAdCAM-1, the primary endpoint was not met, 
most likely due to an unusually high placebo-response rate 
(41 % and 44 % at week 8 and 12, respectively) [22]. 
However, sub analysis revealed that a higher treatment 
effect was seen in CD patients with high hsCRP (>7.5 mg/
dl) at baseline, with significantly more patients in the treat-
ment arms being in remission at week 8 [22]. In addition, 
the safety profile was very reassuring. In a open-label induc-
tion study (Tosca) immune surveillance in the CNS was 
studied with repeated lumbar punctures. An induction 
course of anti- MAdCAM MAb did not affect the cellular 
determinants of immune surveillance in the central nervous 
system [22, 23]. In summary, the results with anti-MAd-
CAM for Crohn’s disease are encouraging. The decision 
towards further development will depend on the results of 
the maintenance phase Opera-2 and the outcome of the UC 
study Turandot (Table 36.1).

36 Biological Therapy of Crohn’s Disease: Natalizumab, Vedolizumab, and Anti-MadCAM
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 The Place Of Anti-adhesion Therapy 
in the Treatment Algorithm of Crohn’s 
Disease

Currently, anti-adhesion molecules are being positioned as 
second line biologics (after anti-TNF) in the therapeutic 
armamentarium for CD (and IBD in general) in most juris-
dictions. The phase 3 trials, however, suggest superior out-
comes when the agent is given to patients who are naïve to 
anti-TNF agents and the mode of action suggests potentially 
better effects in earlier disease stages. This warrants further 
investigation and perhaps a head-to-head comparison with 
anti-TNF agents.

The question is indeed how we could implement this new 
class of drugs in the most effective way. Based on the results 
of the completed trials, some general conclusions can be 
drawn. Firstly, unlike most anti-TNF agents, the drugs seem 
to have a rather slow onset mode of action in CD [6–8, 13, 
18, 19, 22], possibly because of the more pronounced trans-
mural inflammatory infiltrate as compared to UC [24–26], 
where the inflammation is limited to the mucosa. For daily 
clinical practice, this means that anti-adhesion monotherapy 
may not be the ideal monotherapy in CD patients with severe 
disease that needs rapid remission. Combination with stron-
ger “induction agents” such as corticosteroids and perhaps 
anti-TNF agents appears attractive. On the other hand, the 
integrin-inhibitors were shown to very effective maintenance 
drugs, with response and remission rates at least as high as 
with anti-TNF agents [8, 19, 27–30]. Future studies includ-
ing real “strategy studies” will have to address where this 
novel class of biological should be positioned in the treat-
ment algorithm of CD. Thus far, only one head-to-head trial 
is running, comparing vedolizumab IV with adalimumab SC 
in biological-naïve UC patients [31].

Is there still a place for natalizumab with the advent of the 
gut-selective integrin-inhibitor vedolizumab? In a recent edi-
torial by Scott and Osterman in Clinical Gastroenterology 
and Hepatology, the authors state that natalizumab may 
remain a good option for patients that are JCV antibody neg-
ative (roughly one third of the patients) as there has never 
been a PML case described in this patient subgroup and sero-
conversion rates also seem to be low [32]. Nonetheless, 
natalizumab remains only registered without concomitant 
use of immunosuppressants.

Future studies will also have to address the immunogenicity 
of the anti-adhesion antibodies and whether combination 
therapy with immunosuppressant therapy is superior to 
monotherapy, as it is the case for infliximab [33].

The potential registration/indication of anti-Madcam anti-
bodies in CD will depend on the maintenance phase 2 results 
and the phase 3 data if such studies will be set up in the future.

In summary, anti-adhesion antibodies are the second 
group of biologicals for the treatment of IBD. For CD, they 

seem to be slow-acting for induction but very effective for 
maintenance treatment. The advent of this new therapeutic 
option opens a completely new era of clinical trials in which 
therapeutic strategies will be compared in order to develop 
the best care for the patients.
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Abbreviations

CD Crohn’s disease
EUA Examination under anesthesia
MRI Magnetic resonance imaging
EUS Endoscopic ultrasound
anti-TNF α Anti-tumor necrosis factor α
pFCD Perianal fistulizing Crohn’s disease
CT Computed tomography
PDAI Perianal disease activity index
IFX Infliximab
ADA Adalimumab
6-MP 6-mercaptopurine
AZA Azathioprine
CZP Certolizumab pegol
LIFT Ligation of the intersphincteric fistula tract
AF Advancement flap
MTX Methotrexate
AB Antibiotics
D Drainage
I Incision
IS Immunosuppressants

 Optimal Management of Fistulizing Crohn’s 
Disease

Transmural inflammation and stricturing predispose Crohn’s 
disease (CD) patients to a fistulizing phenotype, which is 
associated with significant morbidity and predicts a more 
aggressive disease course [1]. In a population-based CD 
cohort from Olmsted County in the pre-biologic era, the 
cumulative risk of any fistula and more specifically perianal 
fistulas reached 50 % and 26 % respectively after 20 years [2]. 
Fistulas can be external or internal and are classified accord-
ing to their location and their connection with adjacent organs. 
While the majority of Crohn’s fistulas are perianal, other 
forms exist including enteroenteric, enterocutaneous, entero-
vesical, enterointra-abdominal, rectovaginal, and parastomal. 
Advances in imaging, medical treatment, and surgical tech-
niques have improved our management of fistulizing disease; 
however, the majority of evidence- based recommendations 
are derived from small case series, secondary outcome analy-
ses, or subgroup analyses from larger prospective studies. 
This chapter predominantly focuses on the management of 
perianal fistulizing Crohn’s disease (pFCD), for which the 
evidence is most robust (Table 37.1).

 Perianal Fistula Classification: Anatomical 
and Clinical

Fistulas may be classified based on whether they originate 
above (high) or below (low) the dentate line. The Parks clas-
sification describes fistulas anatomically as they relate to the 
external sphincter and includes five categories: superficial 
(low), intersphincteric (low or high), transsphincteric (low or 
high), suprasphincteric (high), and extrasphincteric (high) 
(Fig. 37.1) [3]. Unfortunately, Crohn’s fistulas do not often 
follow the Parks classification nor does the Parks classifica-
tion account for fistula association with adjacent organs, 
which can alter management.
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In a 2003 review on perianal CD published by the 
American Gastroenterological Association, perianal fistu-
las were classified clinically as “simple” or “complex” [4]. 
A simple fistula is low, has a single external opening and 
lacks findings consistent with a perianal abscess, rectovagi-

nal fistula, anorectal stricture, or proctitis. Conversely, a 
complex fistula is high, may have multiple external open-
ings and may have findings consistent with a perianal 
abscess, rectovaginal fistula, anorectal stricture or proctitis. 
While symptomatic simple perianal fistulas can be treated 
with either non-cutting seton placement or fistulotomy 
when used in conjunction with medical therapy, complex 
perianal fistulas usually require a combination of medical 
and surgical management in addition to non-cutting seton 
placement.

 Investigation of Suspected Fistulizing 
Disease: Clinical Evaluation, Radiological 
Imaging, and Endoscopic Assessment

In the past, clinical evaluation and examination under anesthe-
sia (EUA) were the primary methods of fistula evaluation. 
Antiquated imaging modalities including fistulography and 
computed tomography (CT) have been replaced by magnetic 
resonance imaging (MRI) and endoscopic ultrasound (EUS), 
which provide better resolution of perianal anatomy and avoid 
the risks of radiation. MRI and EUS are increasingly being used 
as tools that aid in diagnosis, monitor therapeutic efficacy, rule 
out complications (i.e., perianal abscess), and assist in surgical 
planning. Not only can MRI better delineate perianal anatomy 
preoperatively, but it is also a better predictor of surgical out-
comes when compared to EUA, having a positive predictive 
value of 73 % and negative predictive value of 87 % [5].

A prospective triple-blinded study by Schwartz et al. 
demonstrated that EUS, EUA, and MRI have similar accu-
racy (87–91 %) in determining perianal fistula anatomy [6]. 
It is recommended that any two of the tests be combined to 
evaluate pFCD as the accuracy approaches 100 %. When 
comparing EUS to pelvic MRI, EUS is an operator depen-
dent technique and is more likely to miss ischioanal fossa or 
supralevator abscesses whereas pelvic MRI may have a ten-
dency to miss superficial fistula tracts. Ultimately, the exact 

Table 37.1 Medical treatments available for perianal fistulizing Crohn’s disease

Induction Maintenance Minimal evidence Investigational No role

IFX or ADA IFX or ADA CZP Spherical carbon adsorbent Steroids
aAntibiotics b6-MP Tacrolimus Stem cells Aminosalicylates

– bAZA Cyclosporine – –

– – Topical metronidazole or 
tacrolimus

– –

– – MTX – –

– – Sargramostim – –

– – Local IFX or ADA injection – –

– – Thalidomide – –

– – Hyperbaric oxygen therapy – –

IFX infliximab, ADA adalimumab, 6-MP 6-mercaptopurine, AZA azathioprine, CZP certolizumab pegol, MTX methotrexate
aWhen used in conjunction with IFX or ADA
bWhen used in conjunction with IFX or ADA

Fig. 37.1 The Parks classification. (a) A superficial fistula tracks 
below both the internal anal sphincter and external anal sphincter com-
plexes. (b) An intersphincteric fistula tracks between the internal anal 
sphincter and the external anal sphincter in the intersphincteric space. 
(c) A transsphincteric fistula tracks from the intersphincteric space 
through the external anal sphincter. (d) A suprasphincteric fistula leaves 
the intersphincteric space over the top of the puborectalis and pene-
trates the levator muscle before tracking down to the skin. (e) An 
extrasphincteric fistula tracks outside of the external anal sphincter and 
penetrates the levator muscle into the rectum. Reprinted with permis-
sion from Parks et al., A classification of fistula-in-ano, The British 
Journal of Surgery, 1976, page 5 and Sandborn et al., AGA Technical 
Review on Perianal Crohn’s Disease, Gastroenterology, 2003, page 
1510. [3, 4] © British Journal of Surgery Society Ltd. Reproduced with 
permission granted by John Wiley & Sons Ltd on behalf of the BJSS 
Ltd and Elsevier on behalf of Gastroenterology
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imaging modality used in combination with EUA depends 
on local expertise and availability.

In addition to EUA and imaging, endoscopy should 
always be performed prior to the surgical treatment of pFCD 
as the presence of proctitis precludes definitive surgical man-
agement prior to medical therapy. Furthermore, if an anal 
stricture is present and malignancy has been excluded, endo-
scopic dilation should be attempted.

 Definitions of Perianal Fistula Healing

Various symptom indices and imaging criteria have been 
used to define fistula healing and therefore the definition of 
“response to therapy” varies among studies. The perianal 
disease activity index (PDAI) was first described in 1995 and 
consists of five domains: discharge, pain/restriction of activi-
ties, restriction of sexual activity, type of perianal disease, 
and degree of induration [7]. The difficulty with using the 
PDAI is that there is no validated cutoff for fistula healing. 
The finger-compression technique has also been used to 
assess fistula drainage and was first used in a randomized 
controlled trial with infliximab (IFX) [8]. It is becoming 
increasingly apparent that radiological healing of fistulous 
tracts lags behind clinical remission by a median of 1 year 
[9]. Therefore, repeated imaging in the form of either MRI or 
EUS should be strongly considered within 6–12 months after 
initiating therapy.

 Medical Treatments for Perianal Fistulizing 
Crohn’s Disease

 Antibiotics

Antibiotics such as ciprofloxacin and metronidazole are the 
most commonly prescribed treatment for pFCD in spite of the 
lack of evidence from placebo-controlled trials. They are pre-
scribed as both a primary treatment and as a secondary treat-
ment for complications such as abscesses that arise from 
fistulas. In one of the earliest published case series by 
Bernstein et al., 10 of 18 Crohn’s patients (56 %) with peri-
neal disease demonstrated complete healing with a 10-week 
course of metronidazole [10]. Topical 10 % metronidazole 
ointment has also been studied in 74 patients in a randomized 
placebo-controlled study, suggesting a beneficial effect on 
perianal discharge and pain [11]. Nevertheless, the majority 
of patients experience a recurrence of perineal disease months 
after metronidazole cessation. In the only randomized, dou-
ble-blind, placebo-controlled trial involving antibiotics, there 
was a trend towards clinical remission and response occur-
ring more frequently in the group treated with ciprofloxacin 
compared to patients treated with either metronidazole or pla-

cebo [12]. However, this trial was underpowered (n = 25) and 

the majority of patients assigned to the metronidazole arm did 
not complete the prescribed 10-week course.

Evidence suggests that combination antibiotic therapy 
with anti-tumor necrosis factor α (anti-TNF α) therapy pro-
vides additional symptomatic benefit. In a double-blind, 
placebo-controlled trial, 76 CD patients with active perianal 
fistulizing disease were randomized to either adalimumab 
(ADA) monotherapy or ADA and ciprofloxacin for 12 weeks 
after ADA induction [13]. A significantly higher number of 
patients demonstrated both a partial (71 % vs. 47 %, p = 0.047) 
and complete (65 % vs. 33 %, p = 0.009) clinical response of 
fistula closure at 12 weeks in the combination therapy group. 
While the difference in fistula closure rates was not main-
tained at 24 weeks, the trend in favor of combination therapy 
remained. In a similarly designed study with IFX and cipro-
floxacin, patients treated with combination therapy tended to 
have a better clinical response at week 18 (OR = 2.37 [0.94–
5.98], p = 0.07) [14]. Accordingly, antibiotics should be used 
as a co-induction agent in pFCD with ciprofloxacin being 
better-tolerated than metronidazole.

 6-Mercaptopurine/Azathioprine

Although historically the daily recommended doses for 
6-mercaptopurine (6-MP) and azathioprine (AZA) have been 
1.5 and 2.5 mg/kg respectively, the ideal dosing regimen or 
optimal thiopurine metabolite levels are unknown in the set-
ting of pFCD. In one of the first randomized, double-blinded 
studies of thiopurines, there was a trend towards fistula clo-
sure in the 6-MP group (31 % vs. 6 %) [15]. Subsequently, a 
meta-analysis of 6-MP and AZA use in CD demonstrated 
that fistulae improved with therapy (OR 4.44 [1.50–13.20]) 
[16]. While data exists for the use of thiopurines as mainte-
nance treatment for pFCD, they are second-line therapies 
when compared to anti-TNF α drugs and are best used as 
concomitant therapy.

 Tacrolimus/Cyclosporine

Calcineurin inhibitors have been used with modest benefit in 
cases of medically refractory pFCD. In both a randomized 
placebo-controlled trial and small pilot study of oral tacroli-
mus, tacrolimus-treated patients were significantly more 
likely to experience fistula closure that was documented 
clinically in the former study and radiologically by MRI in 
the latter [17, 18]. Topical tacrolimus was also explored in a 
small randomized, placebo-controlled study of 12 patients 
with pFCD [19]. Only one of six patients in the active treat-
ment group had a complete response defined as cessation of 
drainage of all fistulas after 12 weeks. Evidence for the use 
of cyclosporine is equally sparse. In a case series of nine 

patients with fistulizing CD, the majority initially responded 
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to IV cyclosporine, but after transitioning to oral cyclospo-
rine and subsequent discontinuation, only two patients 
remained in prolonged remission [20]. The authors postu-
lated that this outcome related to the inadequate overlap of 
concomitant therapy with either 6-MP or AZA prior to the 
withdrawal of cyclosporine.

 Infliximab

Two large randomized placebo-controlled trials have demon-
strated the efficacy of IFX for inducing and maintaining fistula 
closure in CD. The first trial in fistulizing CD was carried out 
by Present et al. and included 94 Crohn’s patients randomized 
to placebo, IFX 5 mg/kg or IFX 10 mg/kg [8]. A reduction in 
50 % or more from baseline in the number of draining fistula 
openings was noted in 62 % of the IFX group compared to 
26 % of the placebo group (p = 0.002). Moreover, complete fis-
tula closure was demonstrated in 46 % of the IFX group com-
pared to 13 % of the placebo group (p = 0.001). The beneficial 
effect of IFX in this study was not dose-related.

In the ACCENT II trial, time to loss of response was sig-
nificantly longer in patients receiving IFX 5 mg/kg mainte-
nance every 8 weeks compared to placebo (>40 weeks vs. 14 
weeks, p < 0.001) [21]. Furthermore, at week 54, a greater 
number of patients in the IFX arm had a complete absence of 
draining fistulas (36 % vs. 19 %, p = 0.009). Lichtenstein et al. 
have also shown that IFX 5 mg/kg maintenance therapy every 
8 weeks significantly reduces hospitalizations, surgeries and 
procedures in CD patients with fistulizing disease [22].

 Adalimumab

Although ADA has been used in the setting of IFX failures 
for the treatment of pFCD, recent evidence supports using 
ADA in anti-TNF naïve patients. The initial CLASSIC-1 and 
GAIN trials did not show any benefit of ADA compared to 
placebo with respect to clinically documented fistula clo-
sure; however, this could have occurred as the comparison 
was made too early at week 4 [23, 24]. In an open-label 
extension of the CHARM trial, not only was ADA more 
effective than placebo for inducing fistula healing, but also 
28/31 patients (90 %) with healed fistulas at week 56 main-
tained healing after 1 year of open label ADA [25]. Moreover, 
in a retrospective multicenter Spanish study, 39 anti-TNF 
naïve CD patients were followed for 1 year after the initia-
tion of ADA for pFCD [26]. The majority of patients received 
induction doses of 160 and 80 mg of ADA at week 0 and 2 
respectively followed by 40 mg every other week. While 
41 % of patients were maintained in clinical remission, 8 % 
exhibited partial clinical response. A smaller subset of 14 
patients was also followed radiologically with MRI reveal-

ing fistula tract healing in 43 % at 1 year.

 Certolizumab

Among the anti-TNF α antagonists, the least evidence for 
pFCD exists for certolizumab pegol (CZP). The PRECISE-I 
and PRECISE-II trials were not powered to examine the effi-
cacy of CZP on fistula closure [27, 28]. Post hoc analyses 
were performed on a subgroup of patients (55/58 patients 
with fistulas had pFCD) from the PRECISE II placebo- 
controlled study, looking at the outcome of fistula closure at 
week 26 [29]. Although there was no statistical difference in 
the primary endpoint of prespecified definition of fistula clo-
sure (≥50 % closure at two consecutive post-baseline visits 
≥3 weeks apart) between the CZP and placebo groups, a sig-
nificantly greater number of patients randomized to CZP 
demonstrated complete clinical fistula closure at week 26 
compared to placebo (36 % vs. 17 %, p = 0.038).

 Surgery

EUA allows for complete clinical assessment, incision and 
drainage of an abscess, and seton placement prior to the ini-
tiation of biologics for pFCD. In a retrospective case series, 
Regueiro and Mardini determined that patients with pFCD 
treated with IFX are more likely to maintain fistula closure if 
treatment is preceded by EUA and seton placement, espe-
cially in the setting of complex fistulas [30]. Nevertheless, 
the optimal timing of seton removal is unknown.

Surgical management varies based on the type of fistula 
(“simple” vs. “complex”) as well as the presence or absence 
of anal stenosis or proctitis. One of the primary surgical 
concerns is postoperative anal incontinence secondary to 
sphincter injury. Several surgical techniques are available 
to treat pFCD including laying open a fistula tract (fistu-
lotomy), conducting a ligation of the intersphincteric fistula 
tract (LIFT procedure), injecting bioprosthetic plug or 
fibrin glue, creating an advancement flap (AF) or diverting 
stoma, and as a last resort, performing a proctectomy. 
Unfortunately, many patients develop issues with perineal 
wound healing and subsequent chronic perineal sinuses 
after proctectomy.

 Conclusion

While the optimal medical management of pFCD includes 
antibiotics with either IFX or ADA with or without a con-
comitant thiopurine for induction therapy, surgical therapy 
should be considered simultaneously to achieve the best out-
comes (Figs. 37.2 and 37.3). Even in the era of biologics and 
advanced surgical techniques, perianal disease can be refrac-
tory. Clinicians should be alert to the rare but devastating 
possibility that malignancy may contribute to the refractori-

ness of pFCD. Given that fistula response rates for IFX and 
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Infliximab 6-Mercaptopurine/Azathioprine

Antibiotics

Cyclosporine/Tacrolimus

2 weeks 4 weeks 6 weeks 8 weeks 12 weeks 16 weeks

Fig. 37.2 Expected time to clinical response for 
perianal fistulas

Fig. 37.3 Treatment algorithm for 
perianal fistulizing Crohn’s disease. 
AB antibiotics, ADA adalimumab, 
AF advancement flap, D drainage, I 
incision, IFX infliximab, IS 
immunosuppressants, LIFT ligation 
of the intersphincteric fistula tract. 
Reprinted and reproduced from [A 
global consensus on the 
classification, diagnosis and 
multidisciplinary treatment of 
perianal fistulising Crohn’s disease, 
Gecse et al., Volume 63, page 1389, 
© 2014] [31] with permission from 
BMJ Publishing Group Ltd
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ADA are approximately 50 %, CD patients and clinicians 
eagerly await the development of more efficacious therapies 
for this disabling Crohn’s phenotype.
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 Chemical Structure and Pharmacokinetics

Sulfasalazine consists of 5-ASA linked to a sulfa moiety by a 
di-azo bond. After oral administration, a portion of the dose is 
absorbed in the small bowel. Of this fraction, the majority 
enters enterohepatic circulation and returns to the small intes-
tine via bile, while a minute amount is excreted in the  
urine [2]. Most of the ingested sulfasalazine reaches the colon 
where bacterial diazoreductase cleaves 5-ASA from sulfa-
pyridine. Sulfapyridine is absorbed and undergoes hepatic 
acetylation and hydroxylation, with subsequent urinary 
excretion. Most 5-ASA is eliminated in the feces, but a small 
fraction is absorbed and inactivated by acetylation in intesti-
nal epithelial cells and in the liver [3]. Acetyl-5-ASA enters 
the systemic circulation and undergoes urinary excretion [4].

5-ASA is the major active therapeutic component of sul-
fasalazine [5]. Although sulfapyridine has been suggested to 
exert independent therapeutic effects through induction of  
T cell apoptosis [6], it also contributes to the poor oral 
 tolerability and adverse effect profile of sulfasalazine [3]. 
Alternate 5-ASA formulations were developed to improve 
tolerability while optimizing delivery to specific segments of 
the gastrointestinal tract. Despite such chemical modifica-
tions, newer formulations of 5-ASA appear to retain pharma-
cokinetic profiles similar to sulfasalazine.

Balsalazide consists of a 5-ASA molecule linked to  
an inert carrier, 4-aminobenzoyl-B-alanine, by a di-azo  
bond [3]. Similarly, olsalazine joins two 5-ASA molecules 

with a di-azo bond. Like sulfasalazine, olsalazine and 
 balsalazide have low bioavailability with almost complete 
delivery to the colon where the di-azo bond is cleaved by 
bacterial azoreductase. Per weight, olsalazine delivers more 
5-ASA to the colon than sulfasalazine [3].

Mesalamine refers to 5-ASA monomers that are delivered 
to various segments of the gastrointestinal tract using pH- 
mediated or time-based coatings and release mechanisms. 
One formulation uses ethylcellulose-coated granules to 
release 5-ASA throughout the small intestine and colon. 
Others use the acrylic resin Eudragit as a coating to release 
drug in the distal small bowel and colon as pH rises. A more 
recent formulation uses a multimatrix structure to encapsu-
late 5-ASA in an inner lipophilic matrix, a hydrophobic 
matrix, and an outer polymethacrylate coating. The result is 
a time- and pH-based release of 5-ASA in the terminal ileum 
and throughout the colon (Fig. 38.1) [2, 7].

 Mechanism of Action

Sulfasalazine has been suggested to exert its clinical effects 
through anti-inflammatory, immunosuppressive, and bacte-
riostatic mechanisms. Downregulation of the inflammatory 
response by sulfasalazine is mediated by inhibition of 
 granulocyte functions including degranulation, chemotaxis, 
migration [2, 8], and superoxide production [9]. It also acts 
on several arachidonic acid metabolism pathways resulting 
in a net increase in prostaglandins which possess both anti- 
inflammatory and immunosuppressive effects, and a decrease 
in pro-inflammatory lipoxygenase [9] titers. Immunologically, 
sulfasalazine inhibits the activity of natural killer cells and 
T-cells [6, 8]. The sulfapyridine moiety has in vitro bacteri-
cidal activity in human blood [1, 10].

5-ASA has been shown to decrease leukotriene produc-
tion, remove free radicals, and inhibit leukocyte chemotaxis 
in vitro and in vivo models. 5-ASA has also been postulated 
to inhibit the nuclear factor-kappa B pathway, decrease oxi-
dative stress induced cell injury and apoptosis, increase heat 
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shock protein response, decrease leukotriene production, and 
alter prostaglandin metabolism in colonic epithelial cells [3]. 
Patients with ulcerative colitis who are treated with 5-ASA 
have lower fecal concentrations of prostaglandin E2 [11].

The primary mechanism of action of 5-ASA may be acti-
vation of gamma-form peroxisome proliferator-activated 
receptors (PPAR-gamma) in colonic epithelial cells. These 
receptors play a role in inducing transcription in response to 
environmental cues, and are activated in vivo primarily by 
colonic bacteria. Evidence for PPAR-gamma involvement in 
ulcerative colitis is derived from the observation that 
 het erozygote knock-out mice develop colonic inflammation. 
Interestingly, PPAR-gamma is known to have antiprolifera-
tive effects, while influencing differentiation and apoptosis. 
Cumulatively, these may protect against the development of 
colonic dysplasia and neoplasia in ulcerative colitis [3].

 Formulations

5-ASA is believed to act topically, in that direct mucosal 
contact is required for its therapeutic effect. Accordingly, 
5-ASA is available in both oral and rectal preparations. 
Although oral therapy is more commonly used in clinical 
practice [12], rectal therapy is effective in treating left-sided 
disease [13]. As rectal administration cannot deliver drug 
reliably beyond the splenic flexure, this defines the proximal 
margin for primary rectal therapy [12]. However, rectal ther-
apy may still augment the efficacy of oral 5-ASA in patients 
with more extensive disease [14]. Rectal therapy also deliv-
ers medication to the site of maximal inflammation, while 
limiting systemic absorption and associated side effects. 
However, uptake of rectal therapy may be limited by poor 
patient acceptance [12].

The proximal distribution of 5-ASA differs among sup-
positories, foams, and liquid enemas [12]. Suppositories 
deliver drug only to the rectum, as evidenced by scinti-
graphic studies [15, 16].  Foam preparations reach the sig-
moid colon [16, 17], while enemas deliver medication up to 
the splenic flexure [12, 16, 18]. The proximal spread of an 
enema is dependent upon its volume [12] and viscosity [19]. 
All formulations of 5-ASA are equally effective in inducing 
remission [20], but foam based products offer more uniform 
colonic coating [21] and greater patient comfort [22] than 
liquid enema. Enema retention optimizes efficacy and is 
improved with greater viscosity [19] but reduced by disease 
severity (Fig. 38.2) [23].

 Efficacy

 Oral Formulations

Controlled trials report symptomatic remission in up to 61 % 
of patients taking oral 5-ASA [24–26], and a meta-analysis 
reported a significant relative risk of 0.86 (95 % CI 0.81–0.91) 

Fig. 38.1 Chemical structures of sulfasalazine and 5-ASA derivatives 
[2, 3]

Fig. 38.2 Proximal distribution of rectal 5-ASA therapy [12]
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versus placebo for failure of 5-ASA to induce remission [27]. 
For the induction of remission with 5-ASA the number need 
to treat has been estimated to be 10, while the number needed 
to treat to maintain remission is 6 [28].

Both sulfasalazine and 5-ASA are used to induce and 
maintain remission of ulcerative colitis and have roughly 
similar efficacy for both indications [29]. However, 5-ASA 
may induce clinical and endoscopic improvement more 
quickly and is better tolerated [26]. In a recent meta-analysis 
the relative risk of relapse was 0.69 (95 % CI 0.62–0.77) for 
oral 5-ASA versus placebo [30]. For maintenance of remis-
sion, sulfasalazine was superior to 5-ASA, but individual tri-
als have been criticized for enrolling patients known to be 
tolerant of this medication.

 Rectal Formulations

Rectal 5-ASA is a first line therapy for both induction and 
maintenance of remission in patients with mild to moder-
ately active distal ulcerative colitis [12]. A meta-analysis of 
five trials found topical 5-ASA to be superior to placebo, 
with pooled odds ratio 7.36 (95 % CI 4.72–11.47) for symp-
tomatic improvement and 10.37 (95 % CI 5.72–18.8) for 
symptomatic remission. Rectal 5-ASA also induced mucosal 
healing, with odds ratios for endoscopic and histologic 
remission of 8.23 (95 % CI 4.08–16.58) and 12.47 (95 %  
CI 3.75–41.43), respectively [13, 31].  No dose-response 
relationship has been defined for rectal 5-ASA, and efficacy 
does not appear to differ among suppository, foam and 
enema preparations.

Rectal 5-ASA is more effective than rectal corticoste-
roids, with pooled odds ratios for symptomatic, endoscopic 
and histologic remission of 2.42 (95 % CI 1.72–3.41), 1.89 
(95 % CI 1.29–2.76) and 2.03 (95 % CI 1.28–3.2), respec-
tively [31, 32]. When compared to oral 5-ASA therapy, rectal 
treatment is as least as effective in inducing remission, and 
may be superior as indicated by physician and patient global 
improvement scores [12, 31, 33].

Rectal 5-ASA is more effective than placebo for main-
taining remission of distal ulcerative colitis [33]. A meta- 
analysis pooling data from four placebo-controlled trials 
found that rectal 5-ASA had a pooled odds ratio of 5.6 (95 % 
CI 3.0–10.5) for maintaining symptomatic remission [12] 
and was superior to oral 5-ASA in three trials with a pooled 
a pooled odds ratio of 2.3 (95 % CI 3.0–10.5) [12].

 Combination Therapy

The combination of oral and rectal 5-ASA is superior to 
either monotherapy [14, 34, 35], even among patients with 
extensive or pan-colitis. This may reflect either increased 

local concentrations of active drug or improved distribution 
of drug through the affected segments. Combination therapy 
is superior in patients at high risk for relapse, as the addition 
of rectal 5-ASA to oral therapy results in significantly fewer 
recurrences [34, 35], clinic visits, hospitalizations, and endo-
scopic evaluations [35].  Combination 5-ASA therapy also 
decreases steroid usage [35], making dual therapy an effec-
tive alternative for patients judged to be at high risk of 
 disease exacerbation. The combination of rectal 5-ASA and 
topical steroids also achieves higher remission rates than 
either agent as monotherapy [36]. Combination strategies 
should be considered in patients who fail 5-ASA monother-
apy as an alternative to systemic corticosteroids to avoid 
steroid-related adverse effects.

 Dose Response

The optimal dosing of 5-ASA for both induction and mainte-
nance of remission remains controversial. Doses less than 
2.0 g daily are not recommended for induction therapy [37]. 
For mild to moderately active disease, lower daily doses 
(2.0–2.4 g) and higher daily doses (4.0–4.8 g) have demon-
strated similar efficacy in clinical trials [38, 39].  However, 
the 4.8 g dosage may be more effective in some subgroups, 
such as patients with moderately active versus mild disease 
[40]. The gain in efficacy achieved by adding rectal to  
oral 5-ASA therapy does provide corollary evidence that 
increased luminal drug levels improve efficacy, although this 
may also reflect an improved distribution of drug throughout 
the colon. Once daily dosing of oral 5-ASA for induction 
therapy appears to be no less effective than split dosing [27].

Following induction, 5-ASA is efficacious as mainte-
nance therapy [29, 41], when administered at daily doses of 
1.5–4.8 g [40]. A weak dose response was observed in a 
recent meta-analysis [30]. Although there appears to be a 
dose dependent effect for sulfasalazine, 2 g daily is often 
prescribed due to the limited tolerability of higher doses 
[42]. Once daily dosing of 5-ASA for maintenance of remis-
sion appears to be at least as effective as split dosing and 
may help long-term compliance [30, 43].

No dose response has been observed for the induction or 
maintenance of remission with rectal 5-ASA formulations [13].

 Duration

The optimal duration of induction therapy has not been 
defined, and may vary among formulations of 5-ASA [24]. 
Most efficacy trials have evaluated 8 weeks of therapy  
[24–26], but response is often observed sooner [24]. Imp-
rovement in stool frequency has been reported 4 weeks after 
initiating sulfasalazine, with resolution of bleeding after 8 
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weeks [26]. Improvements in bowel frequency [24, 26], 
 rectal bleeding [24, 25], endoscopic appearance, and physi-
cian global assessment [24] have been observed as early as  
2 weeks after starting oral 5-ASA.

Similarly, the optimal duration of maintenance therapy 
with 5-ASA remains unknown, as no controlled trials have 
addressed this question. Lifelong 5-ASA therapy has been 
advocated both to decrease the frequency of disease flares 
and to reduce the risk of colorectal cancer. However, nonad-
herence can be problematic. Noncompliance is highest among 
single males, patients with left-sided colitis, and those on 
more complicated dosing regimens [44]. Once- daily dosing 
of oral 5-ASA can enhance compliance [43]. Decisions to 
continue long-term maintenance therapy should consider 
patient preferences, and patient education [1].

 Safety

The frequency of adverse events attributed to sulfasalazine 
and 5-ASA is highly variable in the literature, in part 
because of variations in dose, formulation, and event defini-

tion [7]. Adverse events are less common with 5-ASA than 
with sulfasalazine [7], likely from loss of the sulfapyridine 
moiety [3]. One review found no significant difference in 
the rate of adverse events between 5-ASA and placebo.  
A study that followed patients for 8 years reported drug-
related adverse events in 20 % of patients treated with sul-
fasalazine versus 6.5 % of those treated with 5-ASA [45]. 
The most common adverse effects of sulfasalazine were 
dyspepsia, rash, and headache, in 62 %, 35 %, and 27 % of 
patients respectively [45]. Of note, 40 % of patients that 
were initially intolerant of sulfasalazine successfully under-
went desensitization through a protocol of gradual dose 
escalation [45]. The overall rate of adverse effects with 
5-ASA is 1.5 % in patients never exposed to sulfasalazine, 
4 % in patients with prior sulfasalazine exposure, and 22 % 
in patients with prior sulfasalazine intolerance [45]. This 
overlap suggests that some intolerance to sulfasalazine can 
be attributed to 5-ASA [46]. Common adverse effects of 
5-ASA include rash, diarrhea, headache, and fever, which 
occur in 37 %, 25 %, 17 % and 17 % of patients, respectively 
[45]. Other organ-specific adverse effects are summarized 
in Table 38.1.

Table 38.1 Summary of the adverse events reported with sulfasalazine and 5-ASA

Renal: Gastrointestinal:

– Asymptomatic elevation in creatinine – Dyspepsia

– Asymptomatic decline in creatinine clearance – Diarrhea

– Nephrotic syndrome – Pancreatitis

– Tubulointerstitial nephritis

– Sulfapyridine stones Respiratory:

– Pulmonary eosinophilia

Hematologic:

– Leucopenia Neurological:

– Anemia – Benign headaches

– Heinz body anemia – Intracranial hypertension

– Hemolysis – Sensorimotor neuropathy

– Immune complex hemolytic anemia

– Folate deficiency anemia Immune:

– Lupus-like syndrome

Cardiac: – Erythroderma

– Pericarditis – Toxic epidermal necrolysis

– Myocarditis – Hypersensitivity reactions

– Hepatoxicity

Reproduction: – Jaundice

– Spermatic abnormalities – Thrombocytopenia

– Motility – Peripheral eosinophilia

– Form

– Concentration Topical:

– Folate deficiency – Discomfort

– Diarrhea in the infant – Inconvenient drug administration
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 Renal

A variety of renal complications of 5-ASA therapy have been 
reported. However, it is important to note that renal disease 
may also be a primary complication of inflammatory bowel 
disease itself. Known renal manifestations of inflammatory 
bowel disease include nephrolithiasis, urinary obstruction, 
fistulization, glomerular disease, protein-losing nephropathy, 
secondary amyloidosis, and renal failure [47].

Long-term 5-ASA and sulfasalazine have been associated 
with a gradual increase in serum creatinine levels and a 
decline in creatinine clearance. These changes have been cor-
related with both the duration of therapy and the total daily 
dosage. One study reported a decline in creatinine clearance 
from 104.6 to 93.1 ml/min, and suggested that baseline renal 
dysfunction was predictive of subsequent renal decline [48]. 
However, the clinical significance of such small changes and 
their causal relationship to 5-ASA exposure have yet to be 
established. Still, patients on long-term 5-ASA therapy have 
been advised to have annual testing for renal function.

Sulfasalazine-induced nephrotic syndrome is an unusual 
complication of 5-ASA therapy that is believed to be mediated 
via podocyte toxicity and may be reversible with systemic cor-
ticosteroids [49]. Sulfapyridine stones have also been reported 
[50] following acetylation and renal excretion. Tubulointerstitial 
nephritis has been reported in patients receiving 5-ASA ther-
apy, but its pathogenesis is unclear and it may be an extra-intes-
tinal manifestation of inflammatory bowel disease [45, 48].

 Hematologic

Hematologic toxicities have been attributed more to sul-
fasalazine than to 5-ASA. A reversible leucopenia has  
been associated with serum sulfapyridine concentrations 
greater than 50 mcg/ml. Sulfapyridine is acetylated to form 
N-acetylsulfapyridine by N-acetyltransferase 2 (NAT2). Case 
reports suggest that a NAT2 variant results in slow acety-
lation which subsequently increases serum sulfapyridine 
 levels and predisposes to drug toxicity [51]. Sulfasalazine is 
known to induce Heinz body anemia in patients with hemo-
globinopathies, as well as hemolysis in patients with glucose- 
6- phosphate dehydrogenase deficiency. Rare idiosyncratic 
immune complex hemolytic anemia in patients without an 
underlying disease process has also been described [52]. 
Sulfasalazine can also induce folate deficiency (see below), 
although inadequate folate intake is uncommon in patients 
consuming unrestricted diets [53].

 Cardiac

Both sulfasalazine and 5-ASA have also been associated 
with isolated pericarditis as a hypersensitivity reaction 

within 2 weeks of medication initiation or following dose 
escalation. Sulfasalazine has also been associated with peri-
carditis in the context of a systemic lupus-like reaction. 
There is variable experience with recurrence of sulfasalazine-
induced pericarditis when patients are rechallenged with 
5-ASA. Sulfasalazine and 5-ASA-induced pericarditis appear 
to resolve with medication discontinuation [54].

Myocarditis is a rare but life-threatening extra-intestinal 
manifestation of inflammatory bowel disease, but has also 
been reported after 5-ASA therapy. A case report describes 
eosinophilic cardiac infiltrates consistent with a hypersensi-
tivity reaction, improvement of cardiac function with with-
drawal of 5-ASA, and recurrence of myocarditis with 5-ASA 
rechallenge. 5-ASA-induced myocarditis has been success-
fully treated with steroids and azathioprine [55].

 Reproductive

Fertility is affected in all male patients treated with sulfasalazine 
as determined by seminal fluid analysis. Abnormalities in sperm 
motility, form, and concentration occur in 92 %, 42 %, and 40 %, 
respectively. There is no known correlation with sulfasalazine 
dose [56], but form and concentration have been observed to 
improve when patients are switched to 5-ASA [45, 56]. Motility 
improves to a lesser degree. Men have been encouraged to 
discontinue sulfasalazine or switch to 5-ASA three months 
prior to conception as the life span of sperm is 120 days [57].

Sulfasalazine and most 5-ASA products carry an FDA class 
B designation for use in pregnancy, meaning that there is no 
evidence of fetal risk but randomized controlled data are 
lacking. Olsalazine, in contrast, is a class C medication. 
Although there is no evidence to suggest an increase in con-
genital abnormalities with sulfasalazine therapy, the potential 
for medication induced folate deficiency exists. This has 
prompted the recommendation for women on sulfasalazine to 
take oral folate supplements prior to conception and through-
out pregnancy [57]. Unlike other sulfa-based medications, sul-
fasalazine does not lead to the displacement of bilirubin or 
kernicterus in the infant. Thus breast-feeding is considered 
low-risk [57].

A meta-analysis of pregnancy outcomes in women with 
inflammatory bowel disease exposed to 5-ASA during gesta-
tion, showed nonsignificant trends towards higher rates of con-
genital abnormalities, stillbirths, spontaneous abortions, preterm 
deliveries, and low birth weight, when compared with those 
who had not received medications [58]. Although 5-ASA from 
breast-milk can lead to diarrhea in the infant, this is not a con-
traindication to continuing treatment during lactation, provided 
that attention is given to stool changes and infant hydration 
[57]. Overall, the evidence supports the safety of sulfasalazine 
and 5-ASA during pregnancy and lactation. The risks of these 
medications are thought to be less than the harm associated with 
severe disease exacerbations during pregnancy [57].
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 Gastrointestinal

Gastrointestinal symptoms are the most common adverse 
effect associated with sulfasalazine and 5-ASA. Up to 62 % 
of patients on sulfasalazine experience dyspepsia, while up 
to 25 % of those on 5-ASA develop paradoxical diarrhea [45]. 
5-ASA-induced diarrhea is idiosyncratic and can occur at 
any dosage, and even after a single administration [59–61].  
A possible risk factor for this is extensive or pan-colitis [59]. 
Several mechanisms for this effect have been invoked, 
including accelerated orocecal transit [59] and increased 
small intestinal fluid secretion [59, 62]. The observation that 
an individual may develop diarrhea with one 5-ASA formu-
lation, while remaining tolerant to another [59, 60] suggests 
intestinal sensitivity to an inert compound within the medi-
cation [60] as the causative mechanism in a subgroup of 
patients. It is challenging to distinguish disease activity from 
adverse effect, except that drug-induced diarrhea is generally 
mild and responds to medication withdrawal [45, 60, 61].

Case reports have associated acute pancreatitis with wide 
range of 5-ASA and sulfasalazine doses [63] (0.8–5 g daily) 
[64] and treatment durations [63, 65] (2 days to 2 years) [64], 
suggesting an idiosyncratic reaction [63, 64]. Although cases 
are generally mild, fatal necrotizing pancreatitis has  
also been described with sulfasalazine [64]. An analysis of 
population- based hospital discharges, however, found no 
attributable risk of acute pancreatitis for either sulfasalazine 
or 5-ASA. This study suggested that the underlying inflam-
matory bowel disease may be causative [66]. Disease related 
pancreatitis is thought to be mediated by cholesterol and pig-
ment stones due to ileal disease, structural abnormalities of 
the duodenum, and immunological derangements [64].

 Respiratory

Although sulfasalazine-induced pulmonary toxicity is rare, its 
most commonly described manifestation is pulmonary eosino-
philia attributed to the sulfapyridine moiety. This appears to 
resolve with discontinuation of sulfasalazine [67] and relapses 
on rechallenge with sulfasalazine but not 5-ASA [68]. However 
a similar clinical presentation, including biopsy proven inter-
stitial pulmonary fibrosis has been reported with 5-ASA [69].

 Neurological

Benign headaches are common with sulfasalazine therapy 
[45], but rare reports have associated intracranial hyperten-
sion with both sulfasalazine and 5-ASA [70]. A sensorimotor 
neuropathy mediated by sulfasalazine and, much less fre-
quently, 5-ASA has been reported. A case report temporally 
associated lower limb dysesthesia and gait abnormality with 

5-ASA [71]. The mechanisms for such neurological toxicities 
remain unknown, but there is reported improvement with 
drug withdrawal [70, 71].

 Immunological

Sulfasalazine and 5-ASA have been associated with  
the development of lupus-like syndromes, including lupus 
nephritis [72]. Both agents have also been associated with 
erythroderma and toxic epidermal necrolysis. Caution should 
be exercised in using 5-ASA products in patients with severe 
reactions to sulfasalazine, even when topical therapy has 
previously been tolerated [73]. Other hypersensitivity reac-
tions have manifested as hepatoxicity, thrombocytopenia, 
and peripheral eosinophilia, even after several years of drug 
exposure [74].

 Rectal Therapy

The extent of systemic absorption from rectally administered 
5-ASA is dependent upon the acidity of the topical prepara-
tion, and is lower in active disease states. Despite this vari-
ability, topical 5-ASA results in substantially lower systemic 
drug distribution than oral formulations as determined by 
urinary excretion and serum metabolite analysis. Thus, rectal 
formulations result in significantly fewer systemic adverse 
effects than oral therapy. In fact, the majority of adverse 
events attributed to topical 5-ASA is due to discomfort and 
inconvenience from drug administration [12].

 Cancer Prevention

The risk of colorectal cancer in patients with ulcerative 
 colitis increases with duration of disease and the extent  
of inflammation. Additional risk factors in this population 
include concomitant primary sclerosing cholangitis, folate 
deficiency, and a family history of colorectal cancer [75, 76]. 
Currently, management of this risk involves colonoscopic 
surveillance and colectomy for dysplasia [77, 78]. This has 
prompted the search for more cost effective, less invasive 
methods for primary prevention [77].

In ulcerative colitis, the development of dysplasia is 
believed to be secondary to the increased cellular turnover 
associated with chronic inflammation [79, 80] and altered 
prostaglandin metabolism [81]. Despite this, corticosteroids 
have not been shown to decrease cancer risk [75]. 5-ASA has 
been postulated to exert primary chemoprotective effects via 
mechanisms other than its control of disease activity [79]. 
Nonsteroidal anti-inflammatory drugs (NSAIDs) are associ-
ated with a decreased rate of colon cancer in the general 
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population, in patients with familial adenomatous polyposis 
[76], and in animal models [76, 79]. Mesalamine instilled as 
an enema in patients with sporadic colon cancer induces 
apoptosis in tumor cells [82], which may be mediated by 
inhibition of nuclear factor kappa B [79]. Additionally, 
NSAIDs and 5-ASA activate peroxisome proliferator- 
activator receptor gamma which leads to anti-inflammatory 
and antiproliferative effects in colonic epithelium [79, 80]. 
These agents also display antioxidant properties [79]. Cumu-
latively, this evidence has prompted investigation of 5-ASA 
as a means of chemoprevention in ulcerative colitis.

Of note, an increase in colorectal cancer among patients 
with ulcerative colitis is not seen in Denmark, which has 
been attributed to widespread and longstanding use of 5-ASA 
maintenance therapy [76]. Observational data have associ-
ated 5-ASA therapy with a 70 % reduction in colorectal car-
cinoma [75, 78, 83]. This protective effect is greatest when 
mesalamine is taken at doses greater than 1.2 g daily [75, 83]. 
One study suggested that the risk of colorectal carcinoma or 
dysplasia in these patients decreases by 16 % for each 1000 g 
increase in the cumulative dosage of 5-ASA and by 56 % for 
each 1 g incremental increase in daily dose [83]. Although 
protective effects are seen with daily sulfasalazine doses 
greater than 2 g, its protective effect seems less robust [75]. 
This may be secondary to alterations in folate metabolism, as 
folate deficiency is an independent risk for colon cancer [79].

Two recent cohort studies have questioned the role of 
5-ASA in primary chemoprevention. In a nested case– control 
analysis of patients enrolled in a rigorous surveillance pro-
gram at St. Mark’s Hospital in the UK, histological inflam-
mation was the only significant factor in the development of 
colorectal cancer [81]. A similar study of a cohort of patients 
followed in the USA reached a similar conclusion [84]. 
Neither analysis identified 5-ASA or sulfasalazine as an 
independent risk factor, suggesting that the chemopreventive 
benefit of these agents lies primarily in their ability to control 
disease activity.

 Cost-Effectiveness

The cost-effectiveness of 5-ASA therapy for ulcerative coli-
tis has been evaluated in several economic analyses. A cost- 
utility decision analysis concluded that a daily 5-ASA dose 
of 4.8 g was less costly and more effective than a daily 
5-ASA dose of 2.4 g over a limited time horizon of 12 weeks 
in patients with moderately active disease, with fewer hospi-
talizations and surgeries [85]. Maintenance 5-ASA therapy 
has also been estimated to cost approximately $8810 (US) 
for each flare that is prevented [86], although this estimate 
was highly sensitive to variations in 5-ASA cost, rates of 
flare, rates of colectomy and health state utility. In a Markov 

simulation model, 5-ASA therapy allowed cost-effective 
extension of colonoscopic surveillance intervals from 1 to 3 
years [87].

 Conclusions

Despite new developments in the management of inflamma-
tory bowel disease, sulfasalazine and 5-ASA have main-
tained a prominent role in the treatment of ulcerative colitis, 
and this role is emphasized in recent clinical practice guide-
lines [88]. Over time, both oral and topical formulations 
have proven their efficacy as induction and maintenance 
therapies [12, 27, 30] and possibly in chemoprevention of 
colorectal cancer [75, 83]. As these agents are well-tolerated 
[45] and cost-effective [34], sulfasalazine and 5-ASA are 
advocated as first line therapy for mild to moderate disease 
activity, and will likely maintain their key role in manage-
ment algorithms.
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Conventional Therapy of Ulcerative 
Colitis: Corticosteroids

Kirstin Taylor and Peter R. Gibson

Corticosteroids are long established as effective agents 
for the induction of remission of ulcerative colitis. This was 
initially proven by Truelove and Witts in 1955 [1], and had 
significant impact on a disease with a once high mortality 
(61 %) [2]. Concern regarding the safety profile of cortico-
steroids has made them less desirable, albeit sometimes nec-
essary, and has led to the development of formulations to 
reduce systemic bioavailability, along with steroid-sparing 
therapeutic strategies.

Corticosteroids exert their anti-inflammatory effects 
through influencing multiple signal transduction pathways 
via the glucocorticoid receptor. Most importantly, they 
downregulate inflammatory genes and upregulate anti- 
inflammatory genes through interaction with the transcrip-
tion factors, activator protein 1 (AP-1) and nuclear factor-kB 
(NFkB) [3]. Corticosteroids have additional posttranscrip-
tional effects on inflammatory protein synthesis through 
reduction in stability of mRNA [4]. Furthermore, they have 
direct effects on both sodium and water absorption from the 
left colon, improving diarrhea through reduction in stool 
 volume [5].

 Efficacy According to Route 
of Administration and Dosage

Corticosteroids for ulcerative colitis may be administered 
intravenously (methylprednisolone, hydrocortisone, dexa-
methasone), orally (prednisone, prednisolone, budesonide 
MMX, beclomethasone dipropionate), and rectally as 
 enemas or suppositories (prednisolone metasulfobenzoate, 

beclomethasone, hydrocortisone, budesonide). The results of 
randomized controlled trials of corticosteroids in ulcerative 
colitis are shown in Tables 39.1 and 39.2.

 Oral Therapy for Moderate to Severe Ulcerative 
Colitis

Oral corticosteroids are effective for the induction of remission 
in patients with moderate to severe ulcerative colitis [38], in 
milder disease that is refractory to sulfasalazine or mesala-
zine, and in patients who have responded to initial treatment 
with intravenous corticosteroids following hospitalization for 
acute severe disease. Prednisone and prednisolone are well 
absorbed after oral administration, with a high bioavailability 
(over 70 %). Absorption may be delayed, however, in patients 
with severe ulcerative colitis [39]. Although a daily dose of 
40 mg prednisolone is more effective than 20 mg, doses 
above this threshold have not demonstrated incremental ben-
efit, but are associated with increased adverse effects [40]. 
Single daily dosing is as effective as split-dosing and causes 
less adrenal suppression [41]. Both clinical and endoscopic 
response can be seen following 2 weeks of treatment with 
oral prednisolone [12, 20]. Those who have not responded by 
then are considered to have corticosteroid- refractory disease 
and should be treated with anti-tumor necrosis factor (anti-
TNF) therapy, tacrolimus or intravenous corticosteroid ther-
apy [42]. The optimal tapering regimen has not been 
determined but the dose is usually reduced over 8–12 weeks.

 Oral Therapy with Low Systemic Bioavailability

 Budesonide-MMX
Budesonide has an intrinsic potency, as measured by affinity 
to the glucocorticoid receptor, about 15 times higher than 
that of prednisolone [43]. It has been shown to be effective 
for ileocecal Crohn’s disease, with fewer side effects than 
prednisolone due to extensive first-pass metabolism in the 
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liver [44]. Budesonide-MMX is a novel formulation that uti-
lizes multimatrix technology to release the drug in the colon. 
It contains a gastro-resistant polymer coating that dissolves 
at a pH greater than 7, thereby delaying release during transit 
through the stomach and duodenum until the ileum is 
reached. A budesonide-containing lipophilic matrix then 
allows release of budesonide at a controlled rate throughout 
the colon [45]. In two trials, budesonide-MMX at a dose of 
9 mg a day was shown to be well-tolerated and more effec-
tive than placebo for inducing remission in patients with 
mild–moderate ulcerative colitis [15, 16]. A small study of 
budesonide-MMX 10 mg in active extensive and left-sided 
ulcerative colitis showed similar efficacy to 40 mg of pred-
nisolone with regard to endoscopic improvement. It may 
have a role in patients with disease that does not respond  
to mesalazine, before initiation of systemically acting 
corticosteroids.

 Beclomethasone Dipropionate
The oral, prolonged-release formulation of beclomethasone 
dipropionate (Clipper) has an acid-resistant methacrylate 
film coating (Eudragit L100/55) that prevents the tablets 
from dissolving in the stomach, and a modified release core 
of hydroxypropyl methylcellulose (Methocel K4M) that dis-
solves at pH values below 6, allowing for release of the drug 
in the mid-distal ileum and colon [46]. Beclomethasone 
dipropionate is a prodrug with weak glucocorticoid receptor 
binding affinity, but it is hydrolyzed to its active metabolite, 
beclomethasone 17-monopropionate following contact with 
the gut mucosa. Beclomethasone 17-monopropionate is 
highly potent, with glucocorticoid receptor binding affinity 
approximately 80 times that of prednisolone [47]. As with 
budesonide, there is extensive first-pass metabolism. Its effi-
cacy has been shown to be similar to that of mesalazine [48], 
and a recent trial has shown noninferiority with regard to 
clinical efficacy and safety of beclomethasone dipropionate 
5 mg daily for 4 weeks followed by 5 mg on alternate days 
for 4 weeks, compared to oral prednisolone at an initial  
dose of 40 mg daily for 2 weeks then tapered by 10 mg a 
fortnight [19].

 Prednisolone Metasulfobenzoate
Oral prednisolone metasulfobenzoate (Predocol) has an 
acid-resistant coating (Eudragit L) that dissolves at a pH of 
6 (corresponding to the mid-ileum) to release around 200 
pellets. These pellets contain active drug in a controlled-
release matrix, and spread throughout the colon [49]. 
Mucosal levels of prednisolone within the colon are similar 
to those achieved with conventional prednisolone, with min-
imal systemic absorption [50]. A randomized controlled trial 
of Predocol 40 mg daily for 6 months versus prednisolone at 
an initial dose of 40 mg daily for 2 weeks, tapering to stop at 

8 weeks, showed similar efficacy between the groups, with 
fewer perceived steroid-related side effects in the Predocol 
group [20].

 Topical Therapy

Topical corticosteroids are effective therapy for left-sided 
ulcerative colitis, with second-generation formulations 
(budesonide and beclomethasone dipropionate enemas) 
showing similar efficacies to topical mesalazine [51, 52]. 
Corticosteroids absorbed from the rectum (as opposed to the 
proximal gastrointestinal tract) do not undergo first-pass 
metabolism in the liver, and can result in adrenal suppression 
[53]. Studies of systemic bioavailability of topical cortico-
steroids in healthy subjects show high variability: from 2 % 
to 90 % of hydrocortisone administered as an enema was 
available systemically [54, 55]. The presence of rectal 
inflammation may reduce systemic absorption [56].

In active left-sided ulcerative colitis, budesonide enemas 
(2 mg, once a day) have shown similar endoscopic, histologi-
cal and clinical response rates compared to both hydrocorti-
sone foam (125 mg, once a day) and prednisolone (31.25 mg, 
once a day) enemas, but without the significant reduction in 
plasma cortisol levels seen with hydrocortisone [57] and 
prednisolone [58]. Beclomethasone dipropionate enemas 
(3 mg, once a day) also had a similar response compared 
with prednisolone enemas, again without the reduction in 
cortisol levels seen with prednisolone [28]. Budesonide foam 
enemas are better tolerated than budesonide liquid enemas 
and are just as effective [59].

 Intravenous Therapy for Acute Severe 
Ulcerative Colitis

The optimum dose of corticosteroid for acute severe ulcer-
ative colitis has not been established. However, hydrocorti-
sone 300–400 mg intravenously every 24 h (or equivalent) 
is recommended based on clinical trial data, with an overall 
response rate of 67 % [60]. Again, higher doses are no more 
effective and lower doses are less effective. Therapy extend-
ing beyond 7–10 days provides no additional benefit [60]. 
The response to intravenous corticosteroids should be 
assessed objectively at day 3 to determine those who might 
need salvage therapy with ciclosporin or infliximab [61]. 
Predictors of poor response to medical therapy, with the 
need for early colectomy, include clinical markers (stool 
frequency), biochemical markers (elevated CRP, low albu-
min), radiological signs (colonic dilatation or mucosal 
islands on plain X-ray), and endoscopic appearance (severe 
ulceration) [62].
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 How to Manage Corticosteroid Withdrawal

Although they are effective agents for induction of remission 
of active ulcerative colitis, corticosteroids are not beneficial 
in maintaining remission [63–65]. Short courses (<3 weeks) 
and low starting doses (<15 mg prednisolone) of oral 
 corticosteroids are associated with early relapse [40]. It is 
recommended that corticosteroids are tapered over several 
weeks, first to avoid rapid relapse, secondly, to allow the 
introduction or optimization of mesalazine, immunomodula-
tors (thiopurines or methotrexate), and biological therapy, 
and thirdly, to allow resumption of usual function of the 
hypothalamic–pituitary–adrenal axis. The most favorable 
regimen for corticosteroid tapering has not been determined, 
but a standardized taper can identify early those who are 
corticosteroid- dependent [66]. Arthralgia and myalgia can 
occur as corticosteroids are tapered. This usually responds to 
paracetamol and reassurance, but improvement can take sev-
eral months and some patients need reintroduction of corti-
costeroids with a slower taper [67].

 Corticosteroid Resistance

Up to one-third of patients with ulcerative colitis fail to 
respond to standard courses of corticosteroid therapy and 
have corticosteroid-resistant disease [61, 68]. This may be 
due to a superimposed pathogen, such as cytomegalovirus 
infection or Clostridium difficile toxin, which should be 
excluded. An association between glucocorticoid receptor 
polymorphisms and corticosteroid resistance in IBD has 
been postulated, but a meta-analysis of five studies involving 
942 cases was underpowered to detect this [69].

Corticosteroid resistance may occur downstream in the 
glucocorticoid receptor-signaling pathway via inflamma-
tory cytokines. Tumor necrosis factor α (TNF-α) decreases 
corticosteroid sensitivity in monocytes by downregulation 
of the glucocorticoid receptor [70], and in patients with 
ulcerative colitis, mucosal levels of this inflammatory cyto-
kine, along with IL-6 and IL-8, are higher in corticosteroid-
resistant patients [71]. Infliximab, a TNF-α blocker, is 
effective for corticosteroid-resistant disease [72], as too are 
the calcineurin inhibitors, ciclosporin and tacrolimus [73, 74]. 
Calcineurin participates in the synthesis of interleukin-2 
(IL-2), which has been implicated in the development of 
corticosteroid- resistant T lymphocytes. However, a trial of 
basiliximab, a monoclonal antibody that binds to and blocks 
CD25 on activated T lymphocytes, inhibiting IL-2 binding 
and IL-2 mediated proliferation, did not show an increased 

effectiveness of corticosteroids for induction of remission in 
outpatients with moderate to severe, steroid-resistant ulcer-
ative colitis [75].

 Corticosteroids in Pediatric Patients

Oral corticosteroids are effective treatment for induction of 
remission of ulcerative colitis in children, with a response 
rate of up to 90 % [76]. Dose-finding and optimal tapering 
studies have not been performed in pediatric disease but 
expert consensus recommends a dose of oral prednisolone 
1 mg/kg (up to 40 mg a day), taken as a single dose, and 
tapered over 11 weeks [77]. Compared with adult-onset dis-
ease, corticosteroid dependency following corticosteroid 
treatment at diagnosis is higher in children (45 % of children 
compared with 9 % of adults over 1 year follow-up) [78].

Growth failure and malnutrition are less common in chil-
dren with ulcerative colitis than those with Crohn’s disease 
[79]. However, corticosteroids can suppress growth through 
effects on insulin-like growth factor (IGF)-1 [80], and the 
chondrocytes of the growth plates of the long bones [81]. 
Additionally, other corticosteroid-induced complications, 
including glaucoma, cataracts, and osteoporosis, are seen at 
a higher rate of in children than in adults [82], making 
corticosteroid- sparing strategies of paramount importance.

 Side Effects of Corticosteroids

Corticosteroid side effects are manifold and involve multiple 
organ systems. This list is by no means exhaustive but consid-
ers those complications most pertinent to ulcerative colitis.

 Metabolic Derangement

Hyperglycemia is one of the commonest metabolic derange-
ments associated with corticosteroid use, and the development 
of diabetes mellitus is related to corticosteroid dose and dura-
tion [83]. Even short-term elevation of blood glucose is asso-
ciated with adverse outcomes, and, therefore, this complication 
should be proactively sought and managed [84]. Sodium 
retention (leading on to fluid retention and hypertension) and 
hypokalemia are seen with corticosteroids with strong miner-
alocorticoid effects (e.g., hydrocortisone) [85], and tends to be 
a lesser issue in those with minimal mineralocorticoid activity 
(e.g., dexamethasone) [86]. Hypercholesterolemia, hypertri-
glyceridemia, atherogenesis and hepatic steatosis can compli-
cate prolonged corticosteroid therapy [87, 88].

39 Conventional Therapy of Ulcerative Colitis: Corticosteroids



406

 Neuropsychiatric Effects

Mood disorders can occur in up to 60 % of patients treated 
with corticosteroids [89], with severe psychiatric reactions 
(psychotic and affective symptoms) in approximately 5 % 
[90]. Effects are usually seen within 2 weeks of commencing 
therapy, and are associated with doses of prednisolone 
greater than 40 mg a day (or equivalent), hypoalbuminaemia, 
and defects in the blood–brain barrier [91]. Patients who dis-
play symptoms of psychosis or mania should undergo urgent 
 psychiatric assessment. Symptoms usually resolve within  
6 weeks of stopping therapy, and prophylaxis with olanzap-
ine or lithium should be considered in those in whom further 
corticosteroid therapy cannot be avoided [91].

 Infection

The risk of common-or-garden [92], opportunistic [93], and 
postoperative [94] infection is increased in IBD patients tak-
ing corticosteroids. Pooled data from 71 controlled trials of 
corticosteroid therapy for all indications showed that patients 
taking more than 40 mg a day of prednisone were at greatest 
risk for infection, with no increased risk at doses of less than 
10 mg a day, or a cumulative dose of less than 700 mg of 
prednisone (with a specific relative risk for infection in 
patients receiving corticosteroids for intestinal disease of 1.4) 
[95]. Advanced age and diabetes both independently predis-
pose patients with IBD to infections [93], and this risk is aug-
mented further with corticosteroid use [96, 97].

Infections of specific relevance to patients with ulcerative 
colitis treated with corticosteroids include:

• Clostridium difficile: IBD, colitis in particular, is an inde-
pendent risk factor for C. difficile infection, and cortico-
steroid therapy, regardless of dose and duration, is 
associated with a threefold increase in risk compared with 
other immunomodulators or biological agents (perhaps in 
part due to their use in more severe or active disease, and 
their lower rates of mucosal healing) [98].

• Pneumocystis jirovecii: Pneumonia due to this organism 
is associated with corticosteroid use, both alone and in 
combination with other immunomodulators in IBD [99]. 
Current European Crohn’s and Colitis Organization guide-
lines recommend prophylaxis with cotrimoxazole for 
patients on three immunomodulators, where one is a bio-
logical agent or calcineurin inhibitor [100].

• Cytomegalovirus (CMV): CMV infection is frequently 
reactivated in patients with ulcerative colitis treated with 
corticosteroids, but in most circumstances this is not clin-
ically relevant and does not require cessation of immuno-
modulators [101]. CMV colitis, however, is associated 

with severity of the underlying disease, with a reported 
prevalence of 4.5–16.6 % of patients with severe colitis, 
and as high as 25 % in patients requiring colectomy for 
severe, corticosteroid-refractory disease [102]. To make 
the diagnosis, CMV must be found in colonic tissue: 
CMV inclusion bodies on hematoxylin and eosin stain-
ing, positive immunohistochemistry, and/or colonic tissue 
CMV polymerase chain resistance (PCR) positivity with 
>250 copies of CMV DNA/mg of tissue [103].

• Whether CMV contributes to the pathogenesis of severe 
colitis, or is simply a bystander in severe disease, has not 
been established. Evidence for causation includes the 
remission rates for colitis after antiviral therapy (usually 
intravenous ganciclovir 5 mg/kg for 2 weeks) in IBD 
patients with CMV infection, of 67–100 % [102], with res-
toration of efficacy of immunomodulators after treatment 
[103]. The use of infliximab in CMV infection in ulcer-
ative colitis has been investigated in small case series, 

with no worsening of the colitis or the infection [104], and 
in some instances it has shown improvement in both clini-
cal response of the ulcerative colitis, and loss of CMV 
PCR positivity from colonic tissue [105]. TNFα plays a 
major role in reactivation of CMV [106] and thus its 
blockade with anti-TNFα therapy might prevent its reacti-
vation, alongside the benefits in treating the underlying 
ulcerative colitis. Thus, infliximab could be con sidered 
alongside antiviral therapy in patients with corticosteroid-
refractory ulcerative colitis and superimposed CMV coli-
tis. Such an approach requires further study.

• Tuberculosis (TB): Biological agents have garnered much 
attention with respect to the risk of TB [107]. However, 
corticosteroids can also lead to reactivation of TB, and 
may cause false negative results when testing for latent 
disease [108]. It is well established that patients are 
screened for TB prior to initiation of immunomodulators 
such as thiopurines, methotrexate, or biological agents, 
but testing prior to commencement of corticosteroid ther-
apy is often overlooked.

• Hepatitis B virus: The hepatitis B virus (HBV) genome 
contains a corticosteroid-response receptor on the hepati-
tis B core protein which upregulates HBV replication 
[109]. Prolonged courses of corticosteroids (over 3 
months) are associated with deranged liver function tests 
in IBD patients with HBV infection (surface antigen pos-
itive, regardless of HBV DNA level) [110] and these 
patients should receive prophylactic antiviral therapy 
with tenofovir or entecavir (nucleotide/nucleoside ana-
logs), which should be continued for 12 months follow-
ing the cessation of immunosuppressant therapy [111]. 
Reactivation of prior HBV infection (surface antigen 
negative, core antibody positive) rarely occurs in IBD 
[112] and, therefore, routine prophylaxis is not required, 
unless the HBV DNA is detectable. If this is the case, 
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management is the same as for those with HBV surface 
antigen positivity. Those patients who are HBV surface 
antigen negative, core antibody positive, and HBV DNA 
negative should have HBV DNA levels and liver function 
tests monitored every 1–3 months, and should be treated 
with a nucleotide/nucleoside analog if the HBV DNA 
becomes detectable, before derangement in the liver 
function tests [111].

Live vaccinations should not be given within 4 weeks 
prior to initiation of therapy, during therapy, or within 3 
months of cessation of therapy with high-dose corticoste-
roids (equivalent to a daily dose of ≥20 mg prednisolone for 
≥14 days) [113]. Although the evidence for this recommen-
dation is weak specifically for corticosteroids in IBD, the 
evidence of harm of live vaccinations in other similarly 
immunosuppressed patient groups has led to numerous 
guidelines strongly advising against their use in patients with 
chronic inflammatory diseases on high level immunosup-
pression [100, 114, 115].

 Bone Disease

The prevalence of osteoporosis in patients with IBD is 
reported at 17–41 %, and osteopenia at 22–67 % [116]. The 
variation in prevalence estimates results from differences in 
population characteristics, age, disease extent and duration, 
dual energy X-ray absorptiometry methodology, and study 
design. Low bone mineral density in IBD is often attributed 
to corticosteroid use, but can be detected prior to initiation of 
therapy [117]. Factors pertinent to IBD, such as poor intake 
of calcium, vitamin D, and vitamin K, the effect of inflam-
matory cytokines, and hypogonadism [116], along with more 
general factors (e.g., smoking), are important modifiable 
risks to consider in low bone mineral density.

Corticosteroids cause bone mineral loss through several 
mechanisms, including increased apoptosis of osteoblasts 
and osteocytes, impaired differentiation of osteoblasts, and 
increased longevity of osteoclasts [118]. Bone loss is dose- 
dependent, occurring at doses of over 5 mg of prednisolone 
a day [119]. Following cessation of corticosteroids, new 
bone formation recurs although bone mass rarely recovers 
completely [120]. Rapid bone loss occurs on commencing 
corticosteroids and co-prescription of calcium and vitamin 
D3 supplements has been shown to partially ameliorate 
this [121].

Osteonecrosis is a serious complication of corticosteroid 
therapy, occurring in 0.5–4.3 % [122, 123] of IBD patients 
and usually involving the hips. However, multiple joints in 
the same patient may be affected without symptoms, most 
likely the shoulders and knees, and these should therefore 
be investigated [123]. There is some evidence that IBD 

lowers the cumulative dose threshold of corticosteroids 
needed to induce osteonecrosis, compared with other 
 conditions [124].

 Should Steroids Still Be Part 
of the Therapeutic Arsenal in Ulcerative 
Colitis?

The efficacy of corticosteroids for induction of remission of 
moderate–severely active ulcerative colitis is not in dispute, 
but in order to minimize their side effects, they should be used 
at the lowest effective dose for the shortest possible duration, 
with early consideration of initiating corticosteroid- sparing 
therapies. Early clinical review should take place to detect 
those who are corticosteroid-dependent or -refractory, and to 
monitor for complications, with rapid access to alternative 
agents when needed. In such circumstances, therapy with a 
swift onset of action is necessary but is usually expensive. 
Infliximab has clear evidence of efficacy in these patients 
[125], and the combination with azathioprine appears to be 
more effective than either drug alone [126]. Granulocyte 
apheresis is another potential option, albeit less accessible, 
with evidence largely from uncontrolled studies. In one 
such study of corticosteroid-refractory or corticosteroid- 
dependent UC, 5 weeks of granulocyte apheresis, one session 
a week, led to clinical remission in 71 % of patients by the 
end of treatment, with 48 % in remission at 1 year [127].

Corticosteroids still have a place in the management of 
ambulatory patients with active ulcerative colitis as induc-
tion agents. However, there are multiple aspects to optimally 
applying them in order to maximize efficacy of corticoste-
roids while minimizing the risk, as detailed in Table 39.3.

 Conclusion

An awareness of the appropriate use and risks of corticoste-
roids, and early initiation of corticosteroid-sparing therapy 
are important in reducing complications associated with pro-
longed use. Unfortunately, they remain a tempting option: 
conventional corticosteroids are cheap, easy to prescribe and 
use, rapidly acting, and readily available. Extensively metab-
olized or poorly absorbed second-generation corticosteroids 
provide more acceptable safety profiles but are not a pana-
cea. Testing to predict steroid responsiveness [69], the use of 
steroid-sensitizing drugs [75], or novel therapies to enhance 
the desirable effects of corticosteroid therapy whilst mini-
mizing the adverse effects [128] had shown initial promise, 
but later studies were less encouraging. Timely decisions 
regarding colectomy for patients failing medical therapy in 
the acute setting, and those who are corticosteroid-dependent 
despite appropriate escalation of therapy, remain essential.
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 Introduction

Induction therapy with cortisone for ulcerative colitis was 
first described by Dearing and Brown of Mayo Clinic in 
1950 [1], and the final results of a randomized clinical trial 
by Truelove and Witts of Oxford were published in 1955 [2]. 
By 1965, Lennard-Jones and colleagues had definitively 
shown that prednisone was not effective in maintaining 
remission in ulcerative colitis [3]. Alternative immunosup-
pressive agents which would maintain clinical remission and 
spare the side effects of long-term corticosteroids were 
sought. Azathioprine (AZA) was originally demonstrated as 
a therapy for ulcerative colitis in 1966 by Bowen and col-
leagues at the University of Chicago [4]. In an open-label 
case series, ten hospitalized patients were treated with rela-
tively high doses of AZA (4-6 mg/kg/day) which was then 
continued in the outpatient setting. Most patients improved; 
however, the results were confounded by other medications 
and lacked a control group [4]. In the subsequent four 
decades, controlled trials of AZA have revealed mixed 
results in induction and maintenance for ulcerative colitis 
[5–8]. The role of AZA in the treatment of ulcerative colitis 
has continued to be debated due its evidence base of pre-
dominantly heterogenous small clinical trials and the advent 
of biologic therapy. The following chapter on AZA in the 
treatment of ulcerative colitis emphasizes practical implica-
tions of pharmacology and metabolism, efficacy estimates 
from clinical trials, safety, and practical dosing and toxicity 
monitoring methods for clinical practice.

 Pharmacology and Metabolism

AZA is a prodrug which undergoes approximately 88 % con-
version to mercaptopurine (6MP) by nonenzymatic nucleo-
philic attack in red blood cells and other tissues [9, 10] 
(Fig. 40.1). AZA is 55 % 6MP by molecular weight, and a 
conversion factor of 2.07 is used to convert a dose of 6MP to 
AZA dose [11]. Xanthine oxidase, thiopurine methyltrans-
ferase (TPMT), and hypoxanthine phosphoribosyl transfer-
ase are the three enzyme systems that break down 6MP to 
6-thiouric acid, 6 methylmercaptopurine (6MMP), and pre-
cursors of the active 6-thioguanine nucleotides (6-TGN) 
[12], respectively. The mechanism of action of AZA and 
6MP has not been fully elucidated. 6-TGN are incorporated 
into nucleic acid and subsequently inhibit synthesis of pro-
tein, ribonucleic acid (RNA), and deoxyribonucleic acid 
(DNA) [12]. The conversion of 6MP to 6MMP by TPMT is 
subject to different rates due to genetic variation in TPMT 
activity. Approximately 0.3 % of the population is homozy-
gous for the mutant inactive form of TPMT, 11 % are hetero-
zygous with intermediate activity, and 89 % have normal 
activity [13]. The half-life of 6-TGN in red blood cells is 
3–13 days, and may take 4 days to 3 years to reach a steady 
state [14]. While intravenous loading doses of AZA have 
been shown to be feasible, and initial reports seemed promis-
ing [15, 16], a randomized placebo-controlled trial of intra-
venous loading in Crohn’s disease showed no difference in 
time to clinical response [17]. Interestingly, steady state lev-
els of 6-TGN occurred by week 2 in both groups. In general, 
a therapeutic clinical response may take 2–4 months for 
most patients [17, 18].

Several aspects of AZA metabolism have clinical impli-
cations. An inverse association between TPMT enzyme 
activity and 6TGN concentration has been suggested [15], 
which supports the clinical experience that patients with 
intermediate TPMT activity levels are more likely to respond 
to lower doses of AZA therapy than patients with normal 
TPMT activity level. Due to the risk of life-threatening 
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myelosuppression in patients who completely lack TPMT 
activity, it is prudent to check a TPMT genotype or pheno-
type (i.e., activity level) prior to beginning AZA or 6MP. For 
patients with normal genotype or activity level, it is reason-
able to start 2–2.5 mg/kg body weight daily of AZA or 1.0–
1.25 mg/kg daily of 6MP. For patients with heterozygous 
genotype or intermediate activity level, the recommended 
starting dose is 1–1.25 mg/kg daily for AZA and 0.5 mg/kg 
daily for 6MP. Beginning patients on low doses (e.g., 50 mg 
daily) of AZA to reduce toxicity, and then slowly increasing 
this dose over several weeks, is not consistent with the phar-
macology, in that dose-dependent toxicity (such as bone 
marrow suppression) will be delayed, but not prevented, and 
idiosyncratic reactions (e.g., drug fever, pancreatitis, arthral-
gia, rash) will not be prevented [11].

Assays for 6-TGN and 6-MMP metabolites are commer-
cially available. 6-TGN levels greater than 235–
250 pmol/8 × 10 (8) erythrocytes and 6-MMP levels greater 
than 5700 pmol/8 × 10(8) erythrocytes have been correlated 
with therapeutic response and hepatotoxicity, respectively 
[19, 20]. Routine measurement of TPMT activity level or 
genotype often helps determine the correct starting dose of 
AZA or 6MP, and likely limits the utility of universal mea-
surement of 6-TGN metabolites. Nonresponders may have 
high or low 6-TGN levels [19] and there is scant safety data 
above 2.5 mg/kg/day of thiopurine in inflammatory bowel 
disease (IBD). A meta-analysis of 12 studies examining the 
use of 6-TGN metabolite levels in IBD showed that median 
6-TGN levels were 66 pmol/8 × 10(8) red blood cells higher 
among responders than nonresponders, but there was signifi-
cant heterogeneity [21]. Patients with levels above a thresh-
old of 230–260 pmol/8 × 10(8) erythrocytes had a remission 
rate of 62 %, while those with levels below the threshold had 
a remission rate of 36 %. However, a prospective randomized 
controlled trial was unable to show that a strategy of adjust-
ing AZA dose according to 6-TGN concentrations was supe-
rior to standard weight-based AZA dosing among patients 
with Crohn’s disease who had normal TPMT levels [22]. 

Patients with and without hepatoxicity may have high 
6-MMP levels; however, elevation in alanine aminotransfer-
ase (ALT) in patients without other liver disease on AZA 
often warrants decreasing the dose of AZA and following the 
ALT level. The 6-TGN and 6-MMP levels may have the 
most clinical utility in assessing patients with no or incom-
plete response, when patient noncompliance is suspected, 
and in the 10 % of patients who are TPMT heterozygotes.

Allopurinol competes with xanthine oxidase, increases 
levels of 6TGN, and shunts metabolism away from the pro-
duction of 6MMP, which is a metabolite associated with 
hepatoxicity [23]. The addition of allopurinol may correct an 
unfavorable ratio of 6-TGN to 6MMP by reducing 6MMP 
concentrations while raising 6-TGN concentrations [24]. 
The addition of allopurinol to AZA, and subsequent substan-
tial dose reduction of AZA, has been suggested in patients 
with hepatoxicity [23, 25], arthralgias, or nausea [26]. 
However, this strategy is controversial, and in some experi-
ences has been associated with high rates of opportunistic 
infections [27] despite small prospective studies showing the 
safety of long-term use [25, 28]. Selected use of thioguanine 
as a therapy has been shown to be associated with early 
hepatic nodular hyperplasia disease of the liver [29], and is 
not used in our clinical practice.

 Efficacy Estimates for Induction 
and Maintenance Therapy

The efficacy of AZA has been shown to depend on the state of 
ulcerative colitis activity (i.e., whether the disease is active or 
in remission), and the relatively small clinical trials have 
examined the separate issues of its use as an adjunct or alterna-
tive to steroids and/or 5-ASA therapy in these disease states. 
Two systematic reviews of the efficacy of AZA in ulcerative 
colitis concluded that the use of AZA was of modest benefit in 
ulcerative colitis, with pooled odds ratios ranging from 1.4 to 
2.6 depending on the particular outcome studied [30, 31]. 

Azathioprine

6-Methyl-
mercaptopurine

TPMT

XO

6-Mercaptopurine

6-Thiouric
acid

Thioinosinic acid
6-Thioguainine

nucleotides

Fig. 40.1 Metabolism of azathioprine. TMPT thiopurine methyltrans-
ferase, HPRT hypoxanthine phosphoribosyl transferase, XO xanthine 
oxidase. Reproduced from Chan GL, Erdmann GR, Gruber SA, et al. 
Azathioprine metabolism: Pharmacokinetics of 6MP, 6-thiouric acid 

and 6-thioguanine nucleotides in renal transplant patients. J Clin 
Pharmacol 1990;30:358–63. (Copyright 1960 by SAGE Publications, 
Reprinted with Permission by SAGE Publications)
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However, one could argue that the individual studies upon 
which these pooled analyses have been based have been het-
erogeneous with respect to disease activity, outcome mea-
sures, blinding of patients and investigators, controls (placebo 
vs. 5-ASA), and lengths of follow-up, precluding our ability to 
synthesize an average result across all of the trials and make 
an overall conclusion in either direction [32].

Overall, AZA has had mixed results in trials examining its 
efficacy as an induction agent in active ulcerative colitis. 
Controlled trials by Jewell and colleagues and Caprilli et al. 
in the 1970s were among the first to show that AZA was not 
superior to placebo as an adjunct to corticosteroids or an 
alternative to sulfasalazine in the treatment of active ulcer-
ative colitis over 1–3 months [5, 6]. In 2000, Sood and col-
leagues examined AZA as an adjunct to starting sulfasalazine 
and steroids in severe relapsing ulcerative colitis. There was 
not a significant difference in achieving remission among the 
two groups over a year [33]. In 2006, Ardizzone and col-
leagues showed AZA to be more effective than 
5- aminosalicylic acid (3200 mg daily) in attaining steroid- 
free remission in steroid-dependent ulcerative colitis (53 % 
vs. 21 %, p = .006); however, the patients were not blinded to 
the type of therapy [34]. Nonetheless, remission was defined 
both on clinical and endoscopic disease activity, and AZA 
was superior to placebo in both per-protocol and intention- 
to- treat analyses [34].

Controlled trials of AZA for the maintenance of remis-
sion in steroid-dependent ulcerative colitis have been more 
promising, but have still shown mixed results. Jewell and 
colleagues showed no significant difference in remission 
rates between AZA (1.5–2.5 mg/kg/day) and placebo (40 % 
and 23 %, respectively (p = .18)) among 80 patients over 11 
months, where relapse was defined as recurrent blood in the 
stool and endoscopic evidence of inflammation [5]. A con-
trolled withdrawal trial by Hawthorne et al. in 1992 again 
showed no significant difference between AZA and placebo 
as an adjunctive therapy for chronically active ulcerative 
colitis over 12 months [35]. However, the relapse rates 
among patients in remission after a year of AZA or placebo 
were 36 % and 59 %, respectively, and this small trial of 79 
patients may have been under-powered [35]. In 2002, Sood 
and colleagues showed that the addition of AZA to steroids 
and sulfasalazine in 35 newly diagnosed patients with severe 
CUC was superior to the addition of placebo in maintaining 
remission over a year [36]. Rates of relapse were 24 % and 
56 % with adjunct AZA and placebo, respectively [36]. In a 
small open-label study (n = 25), Sood et al. did not show a 
difference in remission rates with severe ulcerative colitis 
[37]. The discontinuation of AZA in patients in steroid-free 
remission has been associated with high rates of relapse in a 
long-term retrospective analysis [38]. The proportion of 
relapsing patients at 1 year, 2 years and 5 years was one 
third, one half, and two thirds, respectively [38]. A 2012 

Cochrane meta-analysis of the effectiveness of thiopurines 
for maintaining remission in ulcerative colitis examined 6 
studies including 286 patients with ulcerative colitis sug-
gested 32 % and 47 % risk reductions in failure to maintain 
remission with AZA and 6MP, respectively [39].

 Safety and Monitoring

Thiopurine therapies in inflammatory bowel disease (IBD) 
have the potential for significant adverse reactions. Thorough 
patient education prior to initiating therapy is advised for cli-
nicians initiating or continuing these medications. There are 
several classes of adverse reactions: dose-dependent, dose- 
independent, infection risk, and malignancy risk.

Myelosuppression is a dose-dependent adverse reaction 
that may occur both early and late in AZA therapy [40, 41]. 
By testing for TPMT activity level or genotype, the 0.3 % of 
patients without any TPMT activity should be prevented 
from receiving AZA or 6MP, which for them could cause 
rapid development of life-threatening cytopenia. For patients 
with normal and intermediate TPMT activity, frequent moni-
toring of complete blood counts (CBC) and liver transami-
nase and alkaline phosphatase is recommended. A genetic 
analysis of patients with myelosuppression on AZA therapy 
showed that only 27 % carried mutant alleles [42]. 
Mesalamine-containing medications may potentiate myelo-
suppression [43]; however, dose reductions or changes in 
monitoring are not typically needed. A recent large retro-
spective cohort study showed that severe neutropenia and 
thrombocytopenia occur most often in the first 8 weeks of 
therapy [41]; however, myelosuppression has been shown to 
occur even a decade after starting therapy [40]. An example 
of monitoring would be to check a complete blood count at 
baseline, then weekly for a month, biweekly for 2 months, 
and then monthly for the first year of therapy. Provided that 
cell counts have been stable, one could consider decreasing 
the frequency of CBC monitoring to once every 3 months 
after the first year. Alanine aminotransferase and alkaline 
phosphatase may be checked at baseline, 4 weeks, and then 
every 3 months if normal. Increasing mean corpuscular vol-
ume is correlated with increasing 6-TGN concentration and 
may be an inexpensive alternative to metabolite monitoring 
[44]. Leukopenia warrants stopping the medication for 2 
weeks and restarting at a lower dose once leukopenia has 
resolved, whereas borderline leukopenia may be an indica-
tion of more frequent monitoring. Even mild elevations in 
hepatic enzymes are concerning, and if other etiologies are 
excluded, warrant discontinuing the medication due to risks 
in the long term of progressive liver disease such fibrosis and 
nodular hyperplasia. Approximately 25 % of patients may 
have resolution of mild elevations of transaminases after 
changing from AZA to 6MP [45].
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Dose-independent adverse reactions to AZA include drug 
fever, pancreatitis, hair loss, arthralgias, and nausea and rash 
[11]. Drug fever typically presents within 2 weeks of starting 
therapy, and requires immediate cessation of the thiopurine. 
The risk of pancreatitis in AZA therapy is approximately 
3 %, and also typically occurs within the first 2 weeks of 
therapy and requires cessation of therapy as well [46, 47]. 
AZA-associated pancreatitis is most often mild, but can be 
severe [47]. After either high drug fever or pancreatitis, it is 
not recommended to change from AZA to 6MP or 6MP to 
AZA. However, 6MP may be tolerated in 60 % of patients 
who develop other intolerances such as flu-like illness, nau-
sea, vomiting, and rash while on AZA [45].

Infection is of significant concern in patients with ulcer-
ative colitis taking AZA or 6MP. Patients taking AZA for 
ulcerative colitis are at an increased risk of opportunistic 
infections [48]. Increased risk of tuberculosis is not limited 
to biologic therapy—a large retrospective cohort study of 
patients in the UK General Practice Research Database 
treated prior to the era of biologic therapy showed a greater 
than twofold unadjusted relative risk of active tuberculosis in 
patients with IBD compared to the general population, 
although this may have been confounded by cigarette smok-
ing and corticosteroid use [49]. The potential risks of AZA 
or 6MP must be balanced against the risks of either long- 
term corticosteroid use, which has been associated with 
infection and increased mortality risk [50], or severe disease 
activity with its risk of toxic mega-colon and septicemia. 
Although often overlooked in clinical practice, vaccination 
for influenza virus and Streptococcus pneumoniae are rec-
ommended for IBD patients considering or taking AZA or 
6MP [51]. Live vaccines in immunosuppressed patients are 
generally contraindicated; however, varicella zoster vaccina-
tion may be considered in patients taking less than 3 mg/kg 
body weight daily of AZA [52]. Reactivation of latent hepa-
titis B virus is a risk for patients treated with AZA, and hepa-
titis B surface antigen should be checked prior to initiating 
therapy for patients with any risk factors for the disease [52].

Thiopurine therapy in IBD carries an increased risk of 
lymphoma. A meta-analysis by Kandiel et al. in 2005 of five 
single-center studies and one population-based study, total-
ing 3891 patients, showed a relative risk of 4.18 for lym-
phoma with patients treated with thiopurines for IBD 
compared to the general population [53]. Of note, the 
“number- needed-to harm” varied from 4357 in 20–29-year- 
olds to 355 in 70–79-year-olds [53]. A meta-analysis of 
patients taking anti-tumor necrosis factor (TNF) therapy and 
AZA showed 13 cases of non-Hodgkin’s lymphoma among 
8905 patients with 21,178 years of follow-up (6.1 cases per 
10,000 patient-years, median follow-up of 48–201 weeks) 
where most patients had previous immunomodulator expo-
sure [54]. The recent results from the CESAME study group 
in France followed 19,486 patients with a median follow-up 

of 35 months (IQR, 29–40 months) [55]. The adjusted haz-
ard ratio for lymphoma in patients treated with thiopurines 
for IBD compared to those without was 5.28 (95 % CI, 2.01–
13.9). Incidence rates of lymphoma in patients continuing 
thiopurine varied from 0.37 cases per 1000 person-years in 
patients less than 50 years old, 2.58 per 1000 in those 50–65 
years, and 5.4 per 1000 in patients greater than 65 years old 
[55]. The most recently published meta-analysis of lym-
phoma risk in IBD patients treated with thiopurines esti-
mated an almost threefold elevation in lymphoma risk in 
population-based studies; current use but not previous use 
was associated with elevated risk [56].

There are conflicting data as to whether there is a constant 
or cumulative risk of lymphoma with AZA therapy; in study 
of 4734 US military veterans with ulcerative colitis who 
were treated with a thiopurine, the risk of lymphoma rose 
considerably during the fourth year of thiopurine therapy, but 
decreased rapidly after cessation of thiopurines [57]. 
However, in the French study there were the same number of 
lymphomas reported in the first and third year of the study, 
and in the post-transplant setting the risk of post-transplant 
lymphoma has been shown to be constant given a constant 
dose of immunosuppression [55]. Most lymphomas associ-
ated with immunosuppression are Epstein–Barr virus (EBV)-
positive, as was shown in a referral-based study from Mayo 
Clinic [58]. Of note, there were two cases of fatal post- 
mononucleosis lymphoproliferative disorder in EBV- 
negative patients in the CESAME cohort [55], and further 
research is merited into whether AZA should be avoided in 
these patients. There have been scattered cases of fatal hepa-
tosplenic T-cell lymphoma in almost exclusively young male 
patients taking the combination of AZA/6MP and anti-TNF 
therapy for IBD [59]. The absolute risk of hepatosplenic T 
cell lymphoma in young men on combination therapy has 
been estimated to be approximately 1 in 3500 [60] There is 
an increased risk of non-melanoma skin cancers in patients 
on AZA therapy [61, 62], with an absolute risk increase of 
14 % (adjusted OR 4.27; 95 % CI 2.08–5.29) among patients 
taking thiopurines for greater than 1 year [61]. Sunscreen 
and regular skin exams are recommended for patients on 
AZA therapy.

The uncertainty of risks of AZA for ulcerative colitis dur-
ing pregnancy is a challenge for clinicians and patients. 
Women with ulcerative colitis who plan to become pregnant 
seek medical care to help them reach their goals of healthy 
pregnancies and healthy children. Active ulcerative colitis 
during conception and pregnancy has been associated with 
an increased risk of adverse perinatal outcomes [63, 64]. A 
recent study group described the pregnancy outcomes of a 
cohort of 204 women with IBD followed prospectively in 
France who were treated with and without thiopurines [65]. 
Approximately 40 % of the patients were treated with thio-
purines as part of their medical regimen, and their pregnancy 
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outcomes were compared to patients who were not receiving 
them to assess primarily for differences in live births, prema-
turity, birth weight and congenital abnormalities. All groups 
had rates of live births in the range of the general population. 
Furthermore, the overall rates of congenital malformations 
in patients receiving medication (3.5 %) were not  significantly 
greater than the general population in France. The study was 
limited by its power to detect only a relatively large (five-
fold) relative increase in malformations in the treatment 
groups. Although there were higher rates of prematurity and 
low birth weight among all of the patients that are concern-
ing, the severity and impact of these differences on neonatal 
outcomes is not clear. For example, although many studies 
have reported preterm deliveries in IBD, most occur after 35 
weeks gestation [66, 67]. Larger prospective studies are 
needed to detect small incremental increase in risks of AZA 
during pregnancy, such as the ongoing the Pregnancy in 
Inflammatory Bowel Disease and Neonatal Outcomes 
(PIANO) registry in the USA [68]. Currently, it is recom-
mended that risks and benefits of AZA be discussed in order 
to enable patients to make an informed decision regarding its 
use during pregnancy; however, there is not sufficient evi-
dence to recommend discontinuing AZA for patients in 
whom it is indicated.

 Summary and Future Directions

Thiopurines are effective medications for many patients with 
ulcerative colitis. Genetic variation in the population leading 
to variable metabolism of AZA or 6MP warrants initial and 
ongoing laboratory monitoring throughout the course of 
treatment for dose-dependent toxicities. Dose-independent 
toxicity often occurs in the first few weeks of therapy, and 
some reactions may be avoided by switching from AZA to 
6MP. Infections are a primary risk of therapy which merit 
vaccination prior to therapy, checking for latent disease, and 
close monitoring for signs of infection. There is an elevated 
relative risk of lymphoma during therapy; however, the abso-
lute risk is relatively low. Ongoing clinical trials may show if 
the combination of AZA and biologic therapy is more effec-
tive in ulcerative colitis than either therapy alone, as has been 
shown in the case of Crohn’s disease [69].
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 Cyclosporine for the Induction of Remission 
in Ulcerative Colitis

When Cyclosporine A (CsA) was introduced in the early 
1980s, it marked a turning point in transplantation medicine. 
For the first time, a potent T-cell selective agent was avail-
able that lacked myelotoxic effects (a major limitation of 
azathioprine in the pre-CsA era), thereby not just improving 
survival of renal allografts,but also allowing for the success-
ful establishment of immunosuppressive protocols in heart, 
lung, and liver transplantation [1]. Originally isolated in the 
Sandoz-Labs in Basel in the early 1970s from soil samples 
containing the fungus Tolypocladium inflatum, CsA acts by 
binding to the peptidyl-prolyl cis–trans isomerase cyclophilin 
A (CpA). The CpA-CsA complex then inhibits calcineurin, a 
serine/threonine phosphatase that dephosphorylates tran-
scription factors of the NFAT (nuclear factor of activated T 
cells) family, thereby enabling their translocation to the 
nucleus [2]. As NFATs control the production of interleukin-
 2 and other cytokines and co-stimulatory molecules neces-
sary for the growth and differentiation of T-cells [3, 4], 
calcineurin inhibition results in a profound suppression of 
T-cell activation.

A first report on the successful use of CsA in a patient 
with ulcerative colitis was published as early as 1984 [5]. Six 
years later, Lichtiger and Present published the results of a 
prospective uncontrolled trial investigating the efficacy of 
intravenous CsA in 15 patients with severe ulcerative colitis 
refractory to corticosteroids, which led to clinical response 
in 73 % of patients, thus enabling them to avoid imminent 
colectomy [6]. Based on these results, a prospective random-

ized double-blind controlled trial comparing intravenous 
CsA to placebo in severe ulcerative colitis refractory to cor-
ticosteroids was initiated at the Mt. Sinai Hospital in 
New York and the University of Chicago Hospital, that 
resulted in the seminal publication of Lichtiger et al. in 1994. 
In this report, 9 out of 11 patients (82 %) receiving CsA dis-
played a clinical response to therapy within a mean of 7 days 
as compared to 0 out of 9 patients receiving placebo, 5 of 
which later received open-label CsA and reached clinical 
response [7].

Given these impressive results that were later confirmed 
in a number of open-label observational studies [8–11], the 
trial was terminated early and CsA became the first pharma-
ceutical agent with proven efficacy in acute severe steroid- 
refractory colitis. Of note, a randomized double-blind 
placebo controlled trial investigated the efficacy of intrave-
nous CsA as a “stand-alone” agent for severe ulcerative coli-
tis as compared with traditional corticosteroid therapy and 
found response rates of 64 % in the CsA arm as compared to 
53 % in the methylprednisolone arm (p = 0.4) [12]. Thus, 
monotherapy with CsA might pose a rescue option for those 
patients with acute severe ulcerative colitis, in which intra-
venous corticosteroid treatment is precluded by factors such 
as susceptibility to steroid psychosis or uncontrolled 
hypertension.

Whereas early studies employed an initial daily CsA dose 
of 4 mg/kg, a subsequent double-blind placebo controlled 
randomized trial compared the efficacy of “high dose” CsA 
with a lower dosing schedule starting with 2 mg/kg and aim-
ing for stable blood concentrations between 150 and 250 ng/
ml. No differences were found between both arms with 
response rates of 84 % vs. 85 % after 8 days of treatment 
[13], suggesting that lower doses of CsA are equally effec-
tive and consequently, a starting dose of 2 mg/kg has become 
the standard of care. However, even with low dose CsA, 
adverse events are common, with impaired renal function, 
hypertension, headache, paresthesia, myalgia, tremor, and 
gingival hyperplasia being the most frequently reported side 
effects affecting up to a third of patients [7–10, 12, 13]. It is 
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important to correct low blood magnesium levels before ini-
tiation of intravenous CsA therapy as the risk of  neurotoxicity 
and nephrotoxicity is increased when hypomagnesaemia is 
present [14, 15]. As CsA itself can lead to reduced magne-
sium reabsorption, frequent monitoring of blood magnesium 
levels is advised during CsA therapy [15]. In addition, cau-
tion should be exercised in patients with serum cholesterol 
levels <100 mg/dl as neurotoxicity is increased under these 
conditions [16].

 Role of Cyclosporine in the Maintenance 
of Remission

Generally, patients responding to intravenous CsA will be 
switched to an oral formulation of the drug (typically 5–8 mg/
kg divided in two doses, aiming at whole blood trough levels 
between 100 and 200 ng/ml) for about 3 months, after which 
therapy should be discontinued due to the risk of irreversible 
nephrotoxicity [17]. Long-term follow- up studies have made 
it clear, however, that the majority of patients who initially 
avoided colectomy will eventually require surgery when 
treated with CsA alone. For example, Cheifetz et al. reported 
on the outcome of 60 patients, who initially responded to 
intravenous CsA and were then switched to oral CsA for 6 
months. Within a mean follow-up of 3 years, 76 % of patients 
receiving no concomitant immunosuppression had to undergo 
colectomy, whereas only 1 out of 24 patients (4 %) in which 
6-mercaptopurine (6-MP) was started shortly after hospital 
discharge required colectomy [18].

Similarly, in a retrospective cohort study from the 
University of Chicago, 80 % of initial CsA responders who 
went on to receive 6-MP or azathioprine avoided colectomy 
during a 5-year follow-up period whereas 45 % of patients 
not receiving thiopurine-based immunosuppression ulti-
mately required surgery [9]. The positive impact of a mainte-
nance therapy with purine analogues was furthermore 
confirmed in a recent observational trial, in which azathio-
prine use displayed a highly significant association with long 
term remission and the avoidance of colectomy in CsA 
responders followed for at least 5 years [19].

Based on these data, treatment with an oral formulation of 
the drug in responders to intravenous CsA is regarded as a 
bridging therapy until thiopurine immunosuppressants 
become effective. Consequently, rescue therapy with CsA 
appears to be of little use when there are contraindications 
against maintenance therapy with azathioprine or 6-MP. In 
line with this, rescue therapy with CsA was demonstrated to 
be less effective in the long term when previous maintenance 
therapy with 6-MP or azathioprine had failed, which was 
illustrated in an observational cohort study that reported a 
colectomy rate of 88 % within 1 year for patients in which 
CsA was started after failure of maintenance therapy with 

purine analogues as compared to 52 % of patients receiving 
de novo azathioprine with CsA [10]. As a significant propor-
tion of patients treated with cyclosporine will thus require a 
colectomy later on, the potential impact of this therapy on 
postoperative complications is an important issue. In this 
respect, two retrospective cohort studies did not find a sig-
nificant increase in infectious or noninfectious postoperative 
complications [20, 21].

When initiating thiopurine maintenance treatment, great 
caution has to be paid during the time when patients are on a 
triple immunosuppressive therapy consisting of steroids, CsA, 
and azathioprine/6-MP as the risk for serious infection is 
severely increased. This is highlighted by the data published 
by Arts et al., reporting three deaths from opportunistic infec-
tions (one from Pneumocystis jirovecii pneumonia, two from 
Aspergillus fumigatus pneumonia) among patients receiving 
triple combined immunosuppressive treatment [22] as well as 
a Belgian cohort study, in which 3 out of 118 patients receiv-
ing CsA died, again from Pneumocystis pneumonia and sys-
temic aspergillosis [10]. Consequently, it is advised that 
patients treated with combined immunosuppression should 
receive prophylaxis against pneumocystis jirovecii pneumonia 
with co-trimoxazole [23]. Whether novel agents like the α4β7-
antagonist vedolizumab will expand the therapeutic options 
for the maintenance of remission after induction with CsA 
remains to be established in clinical trials.

 Tacrolimus for the Induction of Remission 
in Ulcerative Colitis

As a consequence of the various toxicities associated with 
the use of cyclosporine, an intense search for novel immuno-
suppressants began which in 1984 led to the discovery of a 
macrolide produced by Streptomyces tsukubaensis that was 
initially termed FK-506 and later renamed into tacrolimus 
(for tsukuba macrolide immunosuppressant; Fig. 41.1) [24]. 
Similar to cyclosporine, tacrolimus acts by inhibiting calci-
neurin, although it does not bind to cyclophilin A, but a pro-
tein termed FKBP (for FK binding protein) [25]. In addition, 
tacrolimus was demonstrated to suppress the production of 
proinflammatory cytokines in activated macrophages and 
promote their apoptosis [26]. The immunosuppressive 
potency of tacrolimus vastly exceeds that of cyclosporine 
[24, 27] and the compound has been approved for the pre-
vention of allograft rejection in patients undergoing kidney 
or liver transplantation.

First evidence for a potential role of tacrolimus in the 
treatment of ulcerative colitis came from animal models of 
IBD, where the drug not just attenuated inflammation but 
also extraintestinal manifestations [28–31]. As a result, its 
use in ulcerative colitis was investigated in a number of 
uncontrolled case series employing 7–40 patients and 
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 reporting response rates between 60 % and 96 % and remis-
sion rates between 34 % and 74 % [32–36]. In 2006, a first 
double- blind randomized controlled trial comparing two 
arms with low (5–10 ng/ml) and high (10–15 ng/ml) tacroli-
mus trough levels to placebo in a total of 60 patients with 
moderately or severely active ulcerative colitis was pub-
lished [37]. As opposed to the pivotal initial trials with cyclo-
sporine, the majority of patients in this study was not 
refractory to corticosteroid treatment, but mostly had a ste-
roid-dependent course of disease. Clinical response was 
observed in 68 % and 38 % of patients in the high and low 
dose group, respectively, as compared to 10 % in the placebo 
group within 2 weeks of therapy. Although statistical signifi-
cance was not attained in the low trough level group and the 
study has been criticized for the inclusion of patients with 
less severe disease [38], this trial provided the first data on 
the short-term efficacy of tacrolimus in a double-blind ran-
domized design.

Following up on these results, the same group later on con-
ducted a second double-blind placebo-controlled trial in 62 
patients with steroid-dependent or -refractory ulcerative coli-
tis aiming for tacrolimus trough levels between 10 and 15 ng/
ml. Clinical response was seen 50 % in the tacrolimus group as 
compared to 13 % in the placebo group (p = 0.003) [39]. 
Importantly, this trial also reported rates for mucosal healing, 
demonstrating superiority of tacrolimus (44 %) over placebo 
(13 %). Again, patients investigated clearly suffered from less 
severe disease as compared to those in the earlier cyclosporine 
trials which is also evidenced by the fact that none of the 
patients in either the tacrolimus or placebo group underwent 
colectomy during a 12 week open label extension. There are, 
however, observational trials that selectively addressed the 
impact of tacrolimus as a rescue therapy in truly steroid-

refractory patients yielding response rates broadly comparable 
to those seen with CsA [33–35], suggesting tacrolimus as a 
viable alternative to CsA in these situations.

Taken together, evidence from randomized controlled tri-
als as well as numerous case series summarized in Table 41.1 
suggests that tacrolimus is effective in the induction of 
remission in both moderate and severe ulcerative colitis. 
Initiating therapy with oral administration of the drug 
(0.1 mg/kg/day divided in two doses) appears to be equally 
effective as compared to continuous infusion at least in 
patients with less severe disease and whereas target trough 
levels between 10 and 15 ng/ml are supported by both ran-
domized controlled trials, various case series suggest that 
aiming for lower serum concentrations (5–10 ng/ml) might 
be sufficient, especially once remission has been reached. 
Target levels with oral administration of tacrolimus will be 
met more rapidly when patients are fasting as the rate and 
extent of tacrolimus absorption is significantly decreased in 
the presence of food [44, 45].

As tacrolimus is metabolized via the cytochrome P-450 
(CYP) enzymes 3A4 and 3A5, polymorphisms in the genes 
encoding for these proteins might have an additional impact 
on whole blood trough levels and therapeutic efficacy of the 
drug. A Japanese cohort study found that CYP3A5 non- 
expressers were significantly more likely to reach optimal 
trough levels on days 2–5 of therapy and displayed signifi-
cantly higher remission rates as compared to patients 
expressing CYP3A5 [46]. Of note, the frequency of CYP3A5 
non-expressers is much higher in Caucasians as compared to 
Asians [47] and an impact of CYP3A5 polymorphisms on 
tacrolimus response could not be replicated in a cohort of 
German patients [43]. The latter report, however, identified 
three alleles of the ABCB1 gene encoding for the drug efflux 
pump P-glycoprotein that were associated with significantly 
higher short-term remission rates [43].

Adverse effects in studies investigating tacrolimus for the 
induction of remission affected up to 50 % of patients and 
most frequently included an increase in serum creatinine, 
tremor, paraesthesia, and hypertension, but were generally 
mild and seldom required cessation of therapy [34, 37, 40, 
48]. Special caution, however, is advised with respect to 
potential drug interactions, e.g., with macrolide antibiotics, 
antiepileptic and antifungal drugs as well as antiretroviral 
medication [49].

 Role of Tacrolimus in the Maintenance 
of Remission

In contrast to CsA, long-term treatment with tacrolimus 
appears to be justifiable under safety considerations. Data 
assessing a potential role of tacrolimus in the maintenance of 
remission are, however, sparse and no randomized controlled 

Fig. 41.1 Structure of tacrolimus
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trials investigating its long-term use have been conducted up 
to now. Retrospective cohort series reported colectomy-free 
survival rates between 66 % and 78 % within up to 39 months 
[33, 36, 42], suggesting that surgery can be avoided or at 
least delayed in a substantial percentage of patients who 
achieve remission upon treatment with tacrolimus. However, 
the majority of patients in these studies received concomitant 
or subsequent therapy with thiopurines or biologics so that 
the impact of tacrolimus on the maintenance of remission 
cannot be directly assessed from these data.

In contrast, a recent retrospective French cohort study 
reported on the outcome of 21 patients, who were maintained 
on a tacrolimus monotherapy after induction with this drug. 
In this challenging group of patients, all of which had failed 
previous therapies with corticosteroids, immunomodulators, 

and TNF antagonists, clinical remission was maintained at 
52 weeks in 38 %, whereas 29 % displayed clinical failure 
and 33 % experienced adverse events resulting in cessation 
of therapy [50]. Remission rates, however, declined to 14 % 
after 3 years, suggesting that long-term therapy with tacroli-
mus is unlikely to change the course of disease in patients 
resistant to other conventional and biological therapies.

Another case series compared the outcome of maintenance 
treatment with tacrolimus to a cohort receiving purine ana-
logues and found remission rates of 51 % and 59 % after 52 
weeks [51]. Again, however, these rates declined to 19 % in 
the tacrolimus group and 36 % in the thiopurine group after 3 
years with even lower rates in patients who previously failed 
therapy with purine analogues (25 % and 0 % after 1 and 3 
years, respectively). Thus, these data suggest that similar to 

Table 41.1 Studies investigating the role of tacrolimus in the induction of remission in adult patients with ulcerative colitis

Reference Year Trial design n
Disease 
severity Route

Starting dose 
(mg/kg/day)

Trough level 
(ng/ml)

Response 
rate (%)

Remission 
rate (%)

Colectomy 
rate (%)

Fellermann 
et al. [40]

1998 Retrospective  7 Severe i.v. 0.01–0.02 8.7–16 83 67 17

Fellermann 
et al. [33]

2002 Retrospective 38 Severe i.v. or 
p.o.

0.01–0.02 
(i.v.)
0.1–0.2 (p.o.)

9–13 60 34 8

Högenauer 
et al. [35]

2003 Retrospective   9 Moderate 
to severe

p.o. 0.15 13 89 67 11

Baumgart 
et al. [34]

2003 Retrospective 23 Severe p.o. 0.1 4–6 96 74 4

Ogata et al. 
[37]

2006 RCT 19 Moderate 
to severe

p.o. 0.1 10–15 68.4 20 0

Ogata et al. 
[37]

2006 RCT 21 Moderate 
to severe

p.o. 0.1 5–10 38.1 11 0

Baumgart 
et al. [36]

2006 Retrospective 40 Severe p.o. 0.1 4–8 78 45 NR

Ng et al. [41] 2007 Retrospective  6 Moderate 
to severe

p.o. 0.1 5–10 67 50 0

Yamamoto 
et al. [42]

2008 Retrospective 27 NR p.o. 0.1 10–15 78 70 0

Herrlinger 
et al. [43]

2011 Retrospective 84 NR i.v. or 
p.o.

0.1–0.2 10 75 61 25

Ogata et al. 2012 RCT 32 Moderate 
to severe

p.o. 2–5 mg/day 10–15 50 9 0

Schmidt et al. 2013 Retrospective 130 Moderate 
to severe

p.o. 0.1 NR NR 72 14

Thin et al. 2013 Retrospective 24 Moderate 
to severe

p.o. 0.1 8–12 50 33 NR

Mizoshita 
et al.

2013 Retrospective 30 Moderate 
to severe

p.o. NR 10–15 46 13 3

Inoue et al. 2013 Retrospective 11 Moderate 
to severe

p.o. 0.1 10–15 100 73 0

Hirai et al. 2014 Retrospective 40 Moderate 
to severe

p.o. 0.1 10–15 NR 31 9

Kawakami 
et al.

2015 Prospective 
observational

49 Moderate 
to severe

p.o. 0.1 10–15 90 76 6

Ikeya et al. 2015 Retrospective 44 Moderate 
to severe

p.o. 0.1 10–15 86 66 16

For studies reporting data on short- and long-term outcome, only results with respect to the induction of remission are given

A. Fischer and D.C. Baumgart



425

CsA, tacrolimus is most effective in inducing remission in 
ulcerative colitis when treatment with corticosteroids has 
failed, whereas it appears to have limited value in the mainte-
nance of remission. Adverse events were common in studies 
investigating the long-term use of tacrolimus and tend to affect 
40–50 % of patients. Paraesthesia, tremor, infections, head-
ache, and renal impairment, as well as hypertension, leucope-
nia, and arthralgia, were most frequently reported, leading to 
cessation of therapy in about 20 % of patients [42, 50–52].

 Topical Application of Calcineurin Inhibitors 
in Ulcerative Colitis

Given the risks associated with systemic immunosuppres-
sion in general and the specific toxicities of both CsA and 
tacrolimus, topical application of these compounds to areas 
of active inflammation seems to be an appealing approach. 
A first small open-label case series, in which CsA was 
administered topically as retention enemas in ulcerative 
proctitis, reported clinical and sigmoidoscopic improve-
ment in six out of eight patients as early as 1989 [53]. 
Subsequent uncontrolled studies found response rates 
between 50 % and 60 % with topical application of CsA in 
patients with acute severe proctitis, pouchitis, or left-sided 
colitis [54–56], so that a first randomized double-blind pla-
cebo-controlled trial comparing CsA to placebo enemas in a 
total of 40 patients suffering from mild to moderately active 
left-sided colitis was initiated. This trial, however, failed to 
show a significant effect of topically administered cyclospo-
rine within 4 weeks as 40 % in the CsA group improved 
clinically as opposed to 45 % of patients in the placebo 
group [57]. Although it has been suggested that more fre-
quent dosing schedules, alternative enema vehicles, or the 
restriction of topical CsA administration to patients suffer-
ing from ulcerative proctitis might be worthwhile to be 
investigated in future studies, no such trials have been 
reported up to now, and thus, topical therapy with CsA is 
currently not supported by prospective evidence.

As for tacrolimus, no randomized controlled trials investi-
gating its topical application have been published up to now. 
There are, however, data from two small case series suggest-
ing that rectal administration of tacrolimus might have a place 
in the treatment of ulcerative proctitis. In a first report, six out 
of eight patients suffering from ulcerative proctitis resistant to 
oral and topical aminosalicylates, steroids and immunomodu-
lators achieved remission upon 8 weeks of therapy with rectal 
tacrolimus given at doses between 0.9 and 3 mg twice daily, 
which produced trough serum levels between undetectable 
and 7 ng/ml [58]. A second case series described 12 patients 
with ulcerative proctitis that had failed to respond to local 
corticosteroids either alone or in combination with topical 
5-ASA and were treated with rectal tacrolimus given either as 

suppositories or enemas at 2–4 mg per day. Ten out of 12 
patients (83 %) displayed clinical response to therapy with 
four patients achieving mucosal healing [59]. Response rates 
were lower for patients with ulcerative colitis extending 
beyond 15 cm from the anal verge (three out of five patients 
equalling 60 %) and no systemic side effects were reported. 
Interestingly, this study not only included whole blood trough 
levels (2.5 ng/ml and 0.7 ng/ml in patients receiving enemas 
or suppositories, respectively), but also assessed tacrolimus 
concentrations found in mucosal biopsies, which exceeded 
100 ng/mg on average.

Another case series furthermore suggested that topical 
tacrolimus might be an effective treatment option for patients 
suffering from pouchitis unresponsive to a therapy with cip-
rofloxacin or metronidazole as all of ten patients treated with 
tacrolimus retention enemas (4–5 mg per day, given as a 
single enema) displayed a reduction in their Pouchitis 
Disease Activity Index (PDAI; mean reduction from 
15.9 ± 0.8 to 7.8 ± 0.8 points; p < 0.01) with seven out of ten 
patients achieving clinical remission [60]. Similar to other 
studies, trough levels between 2.6 and 3.8 ng/ml were reported 
in this case series resulting from colonic absorption as dem-
onstrated in a study with healthy volunteers [61]. Topical 
administration appears therefore not a suitable way to pre-
vent systemic tacrolimus exposure.

Other strategies aiming at selectively targeting tacrolimus 
administration to areas of inflamed mucosa such as entrap-
ment of the drug into nanoparticles or coupling it to pH- 
sensitive spheres have yielded promising results in animal 
models, but no data on their clinical use have been published 
up to now [62–64].

 Positioning of Calcineurin Inhibitors in Acute 
Severe Steroid Refractory Ulcerative Colitis

With the advent of biological therapies, alternative options 
for the medical management of acute severe ulcerative colitis 
resistant to corticosteroids emerged. Following a number of 
uncontrolled case series [65–67], a randomized placebo- 
controlled trial found that 71 % of patients with severe to 
moderately severe ulcerative colitis not responding to con-
ventional treatment avoided colectomy within a 90 day 
period after a single infusion of infliximab (IFX) vs. 33 % in 
the placebo group, thus establishing efficacy of IFX for the 
induction of remission in this setting [68].

In a seminal randomized controlled multicenter trial, 
Laharie et al. compared the ability of IFX and CsA to elicit 
a treatment response in 115 patients suffering from an 
acute severe flare of ulcerative colitis that had previously 
failed a course of high-dose intravenous steroids. Patients 
were assigned to receive either induction therapy with 
intravenous CsA followed by oral CsA for 3 months or 
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three infusions of IFX at weeks 0, 2, and 6 and mainte-
nance therapy with azathioprine was started in all patients 
demonstrating clinical response at day 7. Treatment failure 
as defined by absence of a clinical response at day 7, a 
relapse between day 7 and day 98, absence of steroid-free 
remission at day 98, a severe adverse event leading to 
treatment interruption, colectomy, or death occurred in 
60 % of patient assigned to CsA vs. 54 % treated with IFX, 
suggesting that both compounds are equally effective in 
this setting [69]. This notion was later corroborated in a 
long-term follow-up recently presented in abstract form: 
In the CsA group, 30 %, 35 %, and 39 % of patients had to 
undergo colectomy within 1, 2, and 5 years, respectively, 
whereas 30 %, 32 %, and 35 % of patients initially treated 
with IFX required surgery within this time frame [70]. A 
meta-analysis of 6 retrospective cohort studies describing 
321 patients receiving infliximab or cyclosporine as rescue 
therapy in acute severe steroid-refractory similarly con-
cluded that both of these options are comparable in terms 
of efficacy and the incidence of adverse events [71].

Data directly comparing tacrolimus to IFX have not been 
published up to now, but considering the efficacy data out-
lined above, it appears reasonable to assume equivalence of 
tacrolimus and CsA. Thus, salvage therapies with calcineu-
rin antagonists and infliximab can be regarded as equally 
effective options in the setting of acute severe steroid resis-
tant ulcerative colitis. Choice of treatment should therefore 
be guided by physician and center experience and consider 
patient characteristics and different adverse event profiles 
associated with both classes of compounds. However, in 
patients who failed maintenance therapy with purine ana-
logues or are thiopurine intolerant, infliximab should be pre-
ferred over calcineurin antagonists for reasons of the 
marginal long-term remission rates in this group of patients 
when treated with tacrolimus.

Given the risks and toxicities associated with long-term 
immunosuppressive treatment as well as the increasing risk 
of colorectal cancer with the need for regular surveillance 
colonoscopies in long-standing ulcerative colitis, surgery 
should also be discussed with every patient presenting with 
acute severe steroid resistant ulcerative colitis. This is all the 
more important when previous therapies with both thiopu-
rines and anti-TNF antibodies have failed, as these patients 
lack a reasonable option for maintenance therapy if remis-
sion can be induced by CsA or tacrolimus. Similarly, 
although sequential salvage therapies with infliximab and 
calcineurin antagonists in patients who have failed rescue 
therapy with either of these agents were demonstrated to be 
successful in the short term in 25–40 % of patients [72–74], 
these strategies have been associated with considerable mor-
bidity and even mortality as well as uncertain long-term 
prospects, so that surgery should be strongly considered in 
this group of patients.
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 Tumor Necrosis Factor and Ulcerative Colitis

The role of tumor necrosis factor α (TNF-α) proinflamma-
tory cytokine in the pathogenesis of ulcerative colitis (UC) 
has been debated [1–5]. Inflammatory cascade involves acti-
vation of CD4+ T-lymphocytes into T helper (Th)-1 and 
Th-2 cells. Activation of Th-1 cells leads to secretion of 
interferon gamma (IFNγ), and interleukin (IL)-2, IL-12, and 
IL-18. In contrast, activation of Th-2 cells leads to secretion 
of IL-4, IL-5, IL-6, IL-10, and IL-13. TNF-α expression 
from macrophages and monocytes is stimulated by Th-1 
response by the release of IFNγ.

The cytokine profile of UC has an atypical Th-2 pattern 
and reduced Th-1 response. CD4 natural-killing T cell in 
UC expresses intracellular IL-13; this is unique in UC and 
not found in Crohn’s disease [6]. While intestinal cytokine 
messenger ribonucleic acid (mRNA) analysis show 
increased levels of IL-1β, IL-4, IL-5, IL-8, IL-12p40, IFNγ, 
and TNF-α [7]. Despite this atypical pattern, elevated levels 
of TNF-α likely contributes to the effectiveness of anti-
TNF-α therapy in UC.

TNF-α is produced as a 212-amino acid type II transmem-
brane protein in stable homotrimers or secreted 17-kDa form. 
The circulating soluble TNF-α is formed from cleavage of the 
transmembrane form by TNF-α converting enzyme (TACE). 
The circulating soluble TNF-α binds to two different TNF-α 
receptors, TNF receptor 1 (TNFR1) and TNF receptor 2 
(TNFR2) expressed in most tissues, leading to activation of 
other macrophages and augmenting T cell response with 
increased recruitment of neutrophils and induction of granu-
loma formation [8, 9].

 Molecular Structure of Infliximab

Infliximab is a chimeric IgG1 monoclonal antibody of 
149 kDa that binds and neutralizes TNF-α specifically. 
Binding of infliximab to the transmembrane TNF-α induces 
apoptosis of those cells in vitro. The binding of infliximab to 
soluble TNF-α prevents binding of TNF-α to TNFR. The 
Food and Drug Administration (FDA) approved infliximab 
in September 16, 2005 for use in moderate-to-severe UC that 
failed conventional therapy. The European Medicines 
Agency approved infliximab for ulcerative colitis, in 2006.

 Pharmacokinetics of Infliximab

Infliximab showed a linear relationship between the dose 
administered and maximum serum concentration; it has an 
association constant of 1010 M−1 to TNF-α. The volume of 
distribution at steady state was independent of dose and 
indicated that infliximab was distributed primarily within 
the vascular compartment. The median half-life of inflix-
imab is 7.7–9.5 days [10].

 Efficacy of Infliximab in Ulcerative Colitis

The definition of efficacy of medical therapy in UC may be 
subject to varying interpretations. Efficacy may mean 
steroid- free clinical remission for some, or it may mean 
mucosal healing for others; both of these definitions are aca-
demic and may not have much relevance to patients as they 
do for their clinicians. Efficacy, for most patients, means 
maintaining a good quality of life, avoiding colectomy, and 
reducing risk of complications related to UC such as 
colorectal cancer. Prior to the biologics era, the probability 
of colectomy within the first 5 years of diagnosis ranges 
from 9 % in distal colitis to 35 % in pancolitis [11]. Several 
clinical trials have shown that infliximab is efficacious in 
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induction and maintenance of remission and reduces colectomy 
rates in UC.

Initial small clinical trials showed conflicting results for 
infliximab for UC [12–16]. Rutgeerts et al. set forth to per-
form the much-needed multicenter randomized double blind, 
placebo-controlled efficacy trial for the use of infliximab in 
induction and maintenance of remission in UC [17]. 
Moderately to severely active UC patients (defined as full 
Mayo score of 6–12) despite the use of conventional therapy 
were enrolled and randomized to receive placebo, or inflix-
imab 5 or 10 mg/kg at 0, 2, 6 weeks, and then every 8 weeks 
thereafter [18]. ACT 1 patients received treatment up to 
week 46 and were observed to week 54, and ACT 2 patients 
received treatment up to week 22 and were observed to week 
30. The primary outcome was clinical response at week 8, 
defined by decrease from baseline total Mayo score of at 
least 3 points and at least 30 %, with an accompanying 
decrease in the rectal bleeding subscore of at least 1 point or 
absolute subscore of 0 or 1. The ACT trials demonstrated 
that significantly higher proportion of patients achieved 
induction and maintenance of clinical response or remission 
at weeks 8, 30 and week 54 (in ACT 1) at either 5 or 10 mg/kg 
dosing, compared to placebo.

To further assess if treatment with infliximab reduces col-
ectomy rates, Sandborn et al. carried out an analysis of ACT 
data on the colectomy-sparing effect of infliximab therapy in 
UC [19]. Six hundred and thirty of 728 (87 %) randomized 
patients had complete colectomy follow-up data through 
54 weeks. Eighty-two patients (36 from placebo, 28 and 18 
from infliximab 5 and 10 mg/kg respectively) had colectomy 
within 54 weeks. The cumulative incidence of colectomy 
was significantly higher in placebo group than infliximab 
groups, with an absolute risk reduction of 7 % (95 % confi-
dence interval of 0.01–0.12) and 41 % reduction in risk of 
colectomy for infliximab groups compared to placebo.

These studies demonstrate that infliximab is efficacious in 
the management of moderately to severely active UC.

 Clinical Practice

Many questions remained regarding the optimal use of 
infliximab for the management of UC. The requirement of a 
concomitant immunosuppressant with infliximab was one of 
the most pressing issues.

Panaccione et al. set out to address this question by com-
paring efficacies of infliximab, purine antimetabolites, or 
combination of infliximab and purine antimetabolites. UC 
SUCCESS was a randomized, double blinded, double 
dummy efficacy trial, the primary outcome was proportion 
of patients in corticosteroid-free remission defined as total 
Mayo score of 2 points or less with no individual subscore 
greater than 1 point, and without use of corticosteroids at 

week 16 [20]. There was significantly higher proportion of 
patients in combination therapy (infliximab and azathio-
prine) achieving corticosteroid-free remission than azathio-
prine or infliximab alone at week 16, the difference was 
twofold. In light of these new evidence, the Toronto 
Consensus formulized guidelines for management of non- 
hospitalized UC addressing this specific issue by stating that 
combination therapy with thiopurine when initiating inflix-
imab therapy is preferred [21]. Concomitant use of immuno-
suppression therapy has been shown to reduce the likelihood 
of anti-infliximab antibody formation. UC SUCCESS 
showed that less percentage of patients developed antibodies 
to infliximab at week 16 from the combination therapy group 
(infliximab and azathioprine) at 3 %, compared to infliximab 
monotherapy at 19% [20]. Armuzzi et al. demonstrated in a 
prospective observational trial that predictor for steroid-free 
clinical remission at 6 and 12 months were thiopurine-naïve 
status (hazard ratio (HR) of 2.5 and 2.8 respectively), and 
combination therapy (HR 2.1 and 2.2 respectively) [22]. 
Furthermore, a systematic review and meta-analysis of four 
controlled trials showed that clinical remission rate was sig-
nificantly lower for infliximab monotherapy group than 
combination of infliximab and immunosuppressant therapy, 
with an odds ratio (OR) of 0.5 (95 % confidence interval of 
0.34–0.73) [23].

The evidence for combination with methotrexate and inf-
liximab is not as clear as that for thiopurine in the induction 
and maintenance of active UC. This may stem from the fact 
that the evidence for methotrexate in UC treatment has not 
been convincing [24–26]. The Cochrane systematic review 
included two randomized controlled trials comparing meth-
otrexate with placebo in active UC [27]. The review included 
101 patients and there was no statistical significant differ-
ence in clinical remission rate and complete withdrawal 
from steroid therapy, with a risk ratio of 0.96 (95 % confi-
dence interval of 0.58–1.59). However, methotrexate used in 
combination with infliximab have been shown to reduced 
immunogenicity and increase infliximab trough levels in 
other conditions, such as Crohn’s disease, rheumatoid 
arthritis, and psoriasis. COMMIT is a trial to compare inf-
liximab monotherapy to infliximab with methotrexate com-
bination therapy in steroid-dependent Crohn’s disease [28]. 
The anti- infliximab antibody formation was 4 % in combi-
nation therapy compared to 20 % infliximab monotherapy, 
correlating to a higher trough level of 6.35 μg/mL in the 
combination group compared to 3.75 μg/mL in infliximab 
monotherapy group.

In patients with UC refractory to thiopurines or cortico-
steroids, TNF-α antagonist should be used for induction to 
complete corticosteroid-free remission. This has been shown 
in meta-analysis of randomized controlled trials to be effica-
cious in those who failed to respond to corticosteroids. 
Five trials showed that infliximab was superior to placebo in 
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inducing endoscopic remission (Relative risk for no remission 
is 0.72 with 95 % confidence interval of 0.57–0.91).

For patients who responded to TNF-α antagonist therapy, 
it should be continued on as maintenance therapy.

 Inpatient

There is much less literature in evaluating optimal manage-
ment of hospitalized UC patients, however recently clinical 
practice guidelines has been published to help clinicians 
manage this challenging group of patients [29]. Infliximab is 
the only approved biologic to date to be studied in a random-
ized control trial for efficacy in hospitalized UC patients [12, 
13]. Jarnerot et al. performed a randomized double-blind 
trial of infliximab or placebo in hospitalized ulcerative colitis 
patients not responding to conventional treatment; patients 
were randomized to infliximab or placebo on day 4 or day 
6–8 after starting corticosteroid treatment [15]. The primary 
outcome was colectomy or death within 90 days after inflix-
imab infusion. The odds of needing colectomy in the placebo 
group were 4.9 times the odds of colectomy in the infliximab 
group (95 % confidence interval 1.4–17). A meta-analysis of 
randomized controlled trials of both moderate-to-severe UC 
in ambulatory and hospitalized settings showed that induc-
tion of clinical and endoscopic remission was superior in 
infliximab group compared to placebo. The relative risk was 
3.22 (95 % confidence interval of 2.18–4.76, number needed 
to treat (NNT) of 5) and 1.88 (95 % confidence interval of 
1.54–2.28, NNT of 4) respectively [30].

Assessment for response to second-line medical therapy 
should be made within day 5–7 after initiation, as not to delay 
surgical therapy if needed. The Jarnerot study did not define 
mean time to response; however, mean time to colectomy was 
8 days after initiation of infliximab therapy [15]. Those who 
responded to first dose of infliximab should complete induction 
regimen at weeks 2 and 6, followed by maintenance therapy.

 Optimization

Trough serum infliximab level is a predictor of clinical out-
come for treatment in UC. A prospective observational trial 
by Seow et al. showed that detectable trough serum inflix-
imab level after three induction doses followed by mainte-
nance scheduled doses predicts clinical remission, endoscopic 
improvement, and lower risk of colectomy [31]. Adedokun 
et al. also showed that infliximab concentration and the inflix-
imab antibodies influence response [32]. Infliximab concen-
tration of approximately 41 μg/mL 2 weeks after induction is 
complete and an infliximab concentration of approximately 
4 μg/mL during maintenance are desirable levels to achieve 
optimal outcomes.

Although infliximab is an effective therapy in UC, clinician 
should recognize if there is inadequate response, as optimizing 
the exposure of infliximab with the guidance of therapeutic 
drug monitoring is important.

 Adverse Events

There is much more safety data for infliximab and Crohn’s 
disease compared to UC, but it is assumed that the risks are 
similar in both [33].

Opportunistic infection has been reported, including a 
variety of infectious such as herpes zoster, various fungal 
infection, herpes simplex, candida, tuberculosis (TB), asper-
gillosis, and cryptococcosis. Many cases involve dissemi-
nated or military TB. Hepatitis B reactivation has been 
associated with infliximab in chronic carriers. Patient should 
be tested for HBV infection before initiation of therapy, 
expert treatment of hepatitis B is recommended prior to inf-
liximab initiation.

A case report of infant death from disseminated Bacillus 
Calmette–Guérin (BCG) after administration of the BCG vac-
cine to a 4.5-month-old infant born to a mother who had received 
infliximab therapy for CD during pregnancy has brought atten-
tion to the potential dangers of these medications, not only on 
the immediate neonatal outcome but also on the lasting effects 
on infants [34]. As such, live vaccines or therapeutic infectious 
agents should not be given while on infliximab.

Lymphoproliferative disorders, especially non-Hodgkin’s 
lymphoma, have been reported, mostly in patients on concom-
itant immunosuppressants. Despite these case reports, the 
safety of infliximab is best summarized from the on- going 
prospective study, Crohn’s Therapy, Resource, Evaluation, 
and Assessment Tool (TREAT™) Registry, examining the 
long-term outcomes of Crohn’s disease treatment, including 
infliximab [35]. As of February 23, 2010, 3764 Crohn’s dis-
ease patients exposed to infliximab therapy was analyzed. The 
cancer incidences were similar between those exposed to inf-
liximab compared to those exposed to other treatments. 
Multivariate Cox regression analysis shows that baseline age 
(hazard ratio (HR) 1.59/10 years, P < 0.001), disease duration 
(HR 1.64/10 years, P = 0.012), and smoking (HR 1.38, 
P = 0.045) were associated with risk of malignancy, while 
immunosuppressive therapy (HR 1.43; P = 0.11), infliximab 
therapy (HR 0.59, P = 0.16), or a combination (HR 1.22, 
P = 0.34) was not associated with risk of malignancy.

Furthermore, a meta-analysis of efficacy and safety of 
TNF-antagonists in Crohn’s disease included 5356 patients, 
and found that anti-TNF therapy did not increase risk of 
death, malignancy, or serious infections [36].

Other rare case-reports but significant concerns with 
infliximab therapy have emerged include demyelinating 
disease, lupus-like syndrome, and psoriaform skin disease.
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Increase antinuclear antibody (ANA) autoantibodies and 
lupus-like syndrome were noted in clinical trials of infliximab. 
Between January 2000 and December 2012, there has been 
39 reports of lupus-like syndrome involving TNF- antagonist; 
25 of these were associated with infliximab [37]. The most 
common was cutaneous and rheumatologic manifestation 
and ANA autoantibodies were present in all cases, with anti-
DNA in 77.8 % of the cases. Symptoms often improve with 
discontinuation of TNF-antagonist therapy. The reporting 
odds ratio of infliximab and lupus is 10.97 (95 % confidence 
interval of 7.27–16.56).

Since March 30, 2012, there have been 81 cases of 
infliximab- induced psoriasis, with symptoms occurring 
between 2 weeks and 6.5 years of infliximab therapy; only 
four of these cases were in the setting of UC and 30 in 
Crohn’s disease. Majority developed palmoplantar pustular 
psoriasis (20 cases) or pustular psoriasis (12 cases) [38].

Other safety concerns include use in congestive heart fail-
ure and rare risk of hepatotoxicity and pancytopenia. 
Infliximab is contraindicated in NYHA Class III/IV conges-
tive heart failure. Hepatotoxicity with acute liver failure, 
jaundice, hepatitis, and cholestasis has been reported rarely 
in those receiving infliximab. Pancytopenia in infliximab 
therapy has been reported in post-marketing use; however, 
many of these cases are on concomitant medications.

 Conclusion

Infliximab is a safe and effective agent for induction and 
maintenance of ulcerative colitis. The use of this medication 
in both hospitalized and ambulatory settings has been a 
major advancement in the care of patients with ulcerative 
colitis. In current practice it is our expectation when starting 
a patient with UC on infliximab, we will improve the chance 
of this particular patient to live a normal life with UC, with a 
reduced risk of requiring steroids and ultimately a reduced 
risk of colectomy.
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 Introduction

Ulcerative colitis is a chronic inflammatory condition which 
can progress over time towards extensive colonic involve-
ment and/or severe activity which renders colectomy inevi-
table in up to 10 % of all cases [1]. Elevated levels of TNF-α 
have been detected in samples of colon tissue, blood, stool, 
and urine of pediatric and adult patients with ulcerative coli-
tis, suggesting a substantial pathophysiological role of this 
proinflammatory cytokine [2–5].

Actually, many features of an excessive production of 
TNF-α have been described in ulcerative colitis, including 
activation of macrophages and T cells, expression of adhesion 
molecules on vascular endothelium or increased migration 
of neutrophils into the colonic mucosa [6]. Targeting TNF-α 
has been shown to provide a successful mechanism of action 
in ulcerative colitis and meanwhile three originator anti-TNF 
agents, infliximab, adalimumab, and golimumab, have been 
approved by the US Food and Drug Administration (FDA) 
and the European Medicines Agency (EMA) for use in treat-
ing adult patients with moderate to severely active ulcerative 
colitis. The focus of this article is to highlight the scientific 
evidence of adalimumab in the management of patients with 
ulcerative colitis.

Adalimumab is a recombinant, fully human recombinant 
monoclonal IgG1 antibody which binds specifically and 
with high affinity to the soluble and transmembrane forms of 
TNF-α and inhibits the binding of TNF-α with its receptor. 
Adalimumab is approved in the USA and Europe for the 
treatment of a diversity of immune mediated inflammatory 
diseases including rheumatoid arthritis, juvenile idiopathic 
arthritis, psoriatic arthritis, ankylosing spondylitis, psoriasis, 

as well as adult and pediatric Crohn’s disease. Adalimumab 
is administered subcutaneously every other week with the 
option to reduce the dosing interval to weekly injections.

 Adalimumab

 The Early Non-controlled Experience 
with Adalimumab

Several small open-label trials and case reports suggested 
that adalimumab can induce remission in patients with UC 
even in those failing previous treatment with infliximab  
[7–12]. In the largest of those series 30 patients with active 
ulcerative colitis having previously failed standard medica-
tions including infliximab were treated with adalimumab 
160 mg at week 0 and 80 mg at week 2 and subsequently 
with 40 mg every other week. In case of non-response main-
tenance dose could be increased to adalimumab 40 mg 
weekly. After a mean follow-up of 48 weeks 15 patients 
(50 %) continued on adalimumab. Patients who achieved 
short-term clinical response at week 12 were less likely to 
undergo colectomy during follow-up [12].

 Randomized Controlled Trials 
with Adalimumab

The safety and efficacy of adalimumab in ulcerative colitis 
were evaluated in two pivotal randomized, placebo- 
controlled, double-blind, phase III clinical studies named 
ULTRA 1 and ULTRA 2, where ULTRA stands for Ulcerative 
Colitis Long-Term Remission and Maintenance with 
Adalimumab. Eligible were patients who had moderately to 
severely active ulcerative colitis with a Mayo score of ≥6 
points and an endoscopic subscore of ≥2 points despite hav-
ing previously received or being on concurrent treatment 
with corticosteroids and/or immunosuppressants such as 
azathioprine or 6-MP. Whereas ULTRA 1 only enrolled 
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patients naïve to anti-TNF-α agents, 40 % of subjects in 
ULTRA 2 had previously been exposed to infliximab but no 
longer than 8 weeks before baseline [13, 14]. In 2012, the 
results from the ULTRA program which included 1.094 
patients led to the approval by FDA and EMA of adalimumab 
for use in adult patients with moderately to severely active 
ulcerative colitis who were nonresponders or intolerant to 
conventional therapy (in the EU including corticosteroids and 
the thiopurines, 6-mercaptopurine or azathioprine).

ULTRA 1 was the induction study of the ULTRA pro-
gram. The primary endpoint, remission defined by a Mayo 
score ≤2 with no individual subscore >1, was set at week 8. 
Three hundred and ninety patients were randomized (1:1:1) 
to adalimumab 160/80 or adalimumab 80/40 at weeks 0 and 
2 followed by adalimumab 40 mg at weeks 4 and 6, or pla-
cebo. At week 8, 18.5 % of patients in the adalimumab 
160/80 group (p = 0.031 vs. placebo) and 10.0 % in the adali-
mumab 80/40 group (p = 0.833 vs. placebo) were in remis-
sion, compared with 9.2 % in the placebo group. Clinical 
response and mucosal healing as secondary endpoints were 
not significantly different among the three groups. Baseline 
clinical variables, such as extensive disease, high disease 
activity (Mayo score ≥ 10), and high levels of systemic 
inflammation (C-reactive protein ≥ 10 mg/L), were associ-
ated with a lower proportion of patients in clinical remission 
in a post hoc analysis. The authors also suggested the possi-
bility that a substantial proportion of patients with ulcerative 
colitis may have required a higher dose of adalimumab to 
induce remission as remission rates in patients with a body 
weight less than 82 kg were more than twice for patients 
above 82 kg in the 160/80 mg dose group [13].

After the 8 week induction period patients could enter an 
open-label extension study while being maintained on adali-
mumab 40 mg EOW dosing regimen for 52 weeks. In case 
of loss-of-response an option to escalate the dose to 40 mg 
weekly was provided. At week 52 25.6 % of patients with-
out dose escalation were in remission, whereas including 
subjects with dose escalation the corresponding number was 
29.5 % [15].

The ULTRA 2 trial was the induction and maintenance 
study of the program with the proportion of patients achiev-
ing remission at week 8 and week 52 as co-primary end-
points. Four hundred and ninety-four patients were 
randomized to receive adalimumab 160 mg at week 0, 80 mg 
at week 2, and 40 mg EOW, or placebo, through to 52 weeks. 
Clinical remission at week 8 and week 52 were achieved in 
16.5 % of patients in the adalimumab arm versus 9.3 % of 
patients in the placebo arm (P = 0.019) and in corresponding 
17.3 % versus 8.5 % (P = 0.004), respectively. Also the sec-
ondary endpoints response and endoscopic remission were 
achieved after induction and maintenance (endoscopic 
remission defined as endoscopic Mayo subscore of 0 or 1 at 
week 8: 41.1 %, adalimumab vs 31.7 %, placebo, P = 0.032; 

at week 52: 25 % vs 15.4 %, P = 0.009). Stratifying patients 
based on prior exposure to anti-TNF-α agents revealed 
significant differences in clinical remission in favor of adali-
mumab among naïve patients both at week 8 and 52, whereas 
among anti-TNF-α-exposed patients this could be shown 
only at week 52 (10.2 %, adalimumab and 3 %, placebo, 
P = 0.039) [14].

As the treat-through design applied in ULTRA 2 does not 
necessarily reflect clinical practice a post hoc intention-to- 
treat analysis addressed the question of week 52 clinical out-
comes among the 123 patients who were randomized to 
adalimumab and achieved a clinical response, as per their 
partial Mayo score at week 8. Of these, 30.9 %, 49.6 %, and 
43.1 % achieved clinical remission, clinical response, and 
mucosal healing at week 52, respectively. Of the adalimumab- 
treated patients taking corticosteroids at baseline and 
responded at week 8, 21.1 % achieved corticosteroid-free 
remission and 37.8 % were corticosteroid-free at week 52, 
without significant differences among the anti-TNFα-naïve 
and exposed patients [16].

The safety profile of adalimumab in ULTRA 1 and 
ULTRA 2 was comparable to that of placebo with rates of 
adverse events similar to those reported from studies of other 
approved indications. The presence of human anti- 
adalimumab antibodies (AAA) and low trough serum adali-
mumab levels have been reported to be associated with 
unfavorable long-term outcomes in patients with Crohn’s 
disease, whereas corresponding data from ulcerative colitis 
are scarce and don’t allow robust conclusions yet. Body 
weight, occurrence of AAA, and plasma albumin were sig-
nificant covariates on estimated apparent clearance. 
Pharmacokinetic modeling lead to the justification of an 
alternative and higher dosing of adalimumab during the 
induction phase. A corresponding high-dose induction study 
with adalimumab in ulcerative colitis is currently recruiting.

A combined analysis of patients that received 
160 mg/80 mg induction therapy of adalimumab or placebo 
in ULTRA 1 and ULTRA 2 (n = 963) revealed significant 
reductions in risk of all-cause, UC-related, and UC- or drug- 
related hospitalizations (by 40 %, 50 %, and 47 %, respec-
tively; P < 0.05 for all comparisons) within the first 8 weeks in 
favor of adalimumab. This benefit of adalimumab over pla-
cebo was further observed during 52 weeks. Facing an overall 
low colectomy rate in the ULTRA program, the number of 
colectomies did not differ significantly between patients 
given adalimumab versus placebo [17].

A registration trial in 273 anti-TNF-α naive Japanese 
patients with ulcerative colitis who were refractory to corti-
costeroids, immunomodulators, or both and who were 
randomized to placebo, adalimumab 80 mg/40 mg at weeks 
0/2 and then 40 mg every other week, or adalimumab 
160 mg/80 mg at weeks 0/2 and then 40 mg every other week 
confirmed in general the safety and efficacy of adalimumab 
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in an Asian patient population. Whereas at week 8, remission 
rates were similar among treatment arms, but more patients 
treated with adalimumab 160/80 achieved response and 
mucosal healing compared with placebo, all those endpoints 
were achieved significantly more often with adalimumab at 
week 52 [18].

 Open Label Long-Term Study 
with Adalimumab

All patients who completed ULTRA 1 or ULTRA 2 could 
enter the open-label extension, ULTRA 3. Patients who com-
pleted ULTRA 2 on blinded therapy (either adalimumab or 
placebo) received open-label adalimumab 40 mg every other 
week in ULTRA 3. Patients who completed the lead-in study 
(ULTRA 1 or ULTRA 2) on open-label adalimumab 40 mg 
every other week or weekly continued their same dosing 
regimens in ULTRA 3. Escalation to 40 mg weekly dosing 
was allowed after week 12 of ULTRA 3 for inadequate 
response or disease flare. Corticosteroid tapering was 
allowed after week 12 of ULTRA 3 for patients with a clini-
cal response, but if corticosteroid tapering was begun in 
ULTRA 1 or ULTRA 2, patients could continue their cortico-
steroid taper upon entry into ULTRA 3. A total of 600/1094 
patients enrolled in ULTRA 1 or 2 were randomized to receive 
adalimumab and 199 of these remained on adalimumab after 
4 years of follow-up. Rates of remission per partial Mayo 
score, mucosal healing, and corticosteroid discontinuation at 
week 208 were 24.7 %, 27.7 % (non- responder imputation), 
and 59.2 % (observed), respectively. Of the patients who were 
followed up in ULTRA 3 remission per partial Mayo score and 
mucosal healing were maintained by 63.6 % and 59.9 % of 
patients, respectively (non-responder imputation). The adverse 
event rates were stable over time [19].

 Meta-Analysis Assessing Adalimumab 
in Ulcerative Colitis

A number of meta-analysis assessed the efficacy of adalim-
umab in moderately to severely active ulcerative colitis. 
From the results of a network meta-analysis of seven double- 
blind, placebo-controlled trials the authors suggested that 
among anti-TNF-α agents infliximab is more effective to 
induce clinical response (odds ratio, 2.36 [95 % credible 
interval, 1.22–4.63]) and mucosal healing (odds ratio, 2.02 
[95 % credible interval, 1.13–3.59]) than adalimumab. 
No other significant differences in the induction perfor-
mance between adalimumab, infliximab, golimumab, and 
vedolizumab were noted. For maintenance studies the risk of 
bias was deemed too high to allow robust conclusions. 
However, results from indirect comparisons, as such by 

network-meta- analysis need to be interpreted with cautions 
as no direct comparison from head-to-head studies between 
any biologics is yet available [20].

 Recent Real-Life Experience

Since the publication of the ULTRA trials some real-life 
experiences with adalimumab in ulcerative colitis have been 
published. From a single center experience on 73 patients 
with ulcerative colitis, all previously exposed to infliximab, 
response rates to adalimumab at weeks 12 and 52 of 75 % and 
52 %, respectively, were reported. However, 22 patients 
needed a dose escalation and 35 discontinued treatment within 
the first year. Primary response to infliximab and serum adali-
mumab concentrations were independent predictors for induc-
tion and maintenance response. The thresholds of serum 
adalimumab concentrations for response at week 12 and 52 
were 4.58 μg/mL and 7.0 μg/mL, respectively [21].

An Italian multicenter study on 88 patients represents the 
largest real-life series of patients with ulcerative colitis 
treated with adalimumab so far. The majority of patients 
received an induction dose of 160 mg/80 mg adalimumab 
followed by 40 mg biweekly, had been previously treated 
with infliximab and/or immunosuppressants, and were either 
steroid-dependent or -refractory. Sustained clinical remis-
sion, defined as a partial Mayo score of ≤1 week from 12 up 
to week 24 and 54 was achieved by 17 % of patients. Among 
the 60 patients who were taking steroids at baseline, steroid- 
free remission was achieved in 40.0 % at week 54. Among 
the 57 patients in whom baseline and follow-up endoscopy 
after a median of 11 months was available 49.1 % achieved 
mucosal healing. The fact that 25 % of the patients required 
colectomy within a median of 5.5 months mirrors the disease 
severity of the treated patients. The rate of colectomy was 
higher in the infliximab-exposed group than in the infliximab- 
naïve group (28.9 % vs 10.5 %) [22].

 Consensus

A consensus panel installed by the Canadian Association of 
Gastroenterology published guideline recommendations for 
the use of anti-TNF-α agents in patients with ulcerative coli-
tis. Interestingly, a differentiation of the clinical efficacy 
between infliximab, adalimumab, and golimumab was not 
performed and statements are considered class-related with-
out prioritizing the use of one anti-TNF-α agent over another. 
As such, anti-TNF-α agents are recommended in patients 
with ulcerative colitis who failed corticosteroids or thiopu-
rines or who are steroid-dependent in order to induce and 
maintain steroid-free complete remission, which is defined as 
both symptomatic and endoscopic remission. When starting 
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anti-TNF-α therapy a combination with a thiopurine or 
methotrexate rather than the use as monotherapy is recom-
mended. Symptomatic response should be evaluated in 8–12 
weeks. In patients who respond to anti-TNF-α induction 
therapy, treatment should be continued, whereas in those 
who have experienced a suboptimal response dose intensifi-
cation is recommended. The latter applies also to subjects 
who lose response to anti-TNF-α maintenance therapy [23].

 Conclusion

Anti-TNF alpha agents have hugely expanded our therapeu-
tic armamentarium against ulcerative colitis. For a long time 
infliximab was the sole representative of this class of agents 
approved for use in ulcerative colitis. Now, adalimumab and 
golimumab are posing therapeutic in-class alternatives. 
Adalimumab is effective to induce and maintain remission in 
patients with ulcerative colitis; however, the right timing of 
treatment initiation is substantial to realize its full therapeu-
tic potential. Post hoc analyses suggest that with increasing 
disease severity and inflammatory burden the likelihood of a 
response diminishes. Furthermore, adalimumab is appar-
ently less effective in patients who have failed a previous 
exposure to infliximab. This and the fact of self- administration 
of the drug would favor its use in a more moderately active 
patient population than applying it in the severely active dis-
ease arena. Some early pharmacokinetic data of adalimumab 
in ulcerative colitis point to underdosing with the conven-
tional 160 mg/80 mg induction scheme and have subse-
quently incited the initiation of high-dose induction studies 
(SERENE) in both ulcerative colitis and Crohn’s disease. As 
a consequence, individualized induction treatment with 
adalimumab could become a not too far-fetched reality soon. 
Al Jolson’s quote “you ain’t heard nothing yet” from the first 
talking movie the Jazz Singer when evoking the transition of 
silent movies into a new age of cinema might also apply to 
forecasting the true potential of adalimumab in ulcerative 
colitis. In any case, Al Jolson was right then.
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Abbreviations

UC Ulcerative colitis
QoL Quality of fife
TNF Tumor necrosis factor
MH Mucosal healing
CRP C-reactive protein
PURSUIT Program of Ulcerative colitis Research Studies 

Utilizing an Investigational Treatment
ACT Active ulcerative colitis trials
ULTRA Ulcerative colitis long-term remission and 

maintenance with adalimumab

 Introduction and Preclinical Studies

Golimumab (Simponi®, Janssen Biotech, Inc., Horsham, 
PA, USA) is the most recent anti-TNF agent to be approved 
for the treatment of moderately to severely active ulcerative 
colitis (UC), infliximab and adalimumab already being 
available for this indication. Although it was approved for 
use in rheumatoid arthritis, psoriatic arthritis, and ankylos-
ing spondylitis in 2009, it was not until 2013 that the US 
Food and Drug Administration (FDA) and the European 
Medicines Agency (EMA) granted approval for UC. 
Golimumab is a transgenic, fully human monoclonal 
immunoglobulin G1 antibody that is synthesized from 
TNF-immunized transgenic mice expressing human immu-
noglobulin G [1, 2]. It differs from earlier anti-TNF agents 

in both its TNF binding affinity and protein stability [3]. In 
vitro studies have demonstrated that golimumab binds to 
both bioactive forms of TNF (membrane- bound and solu-
ble TNF) more avidly than infliximab or adalimumab [4]. 
This superior affinity has been shown to result in more 
potent neutralization of TNF-induced cytotoxicity and 
endothelial cell activity. Subsequent in vivo studies (car-
ried out in a murine model of TNF-mediated arthritis) have 
also suggested golimumab is more potent than infliximab 
with doses of 1 and 10 mg/kg significantly delaying disease 
progression, whereas infliximab was only effective at 
10 mg/kg [4]. The excellent protein stability profile of goli-
mumab is also relevant. This property means it can be pre-
pared as a high concentration liquid formulation, making 
subcutaneous administration possible. This contrasts with 
infliximab which, owing to its inferior conformational sta-
bility, must be stored as a powder and reconstituted before 
being administered intravenously [4].

 Golimumab as Induction Treatment

Data to support golimumab’s approval for induction of 
remission in UC was generated by the PURSUIT-SC trial 
program. This trial was a randomized, double-blind, placebo- 
controlled integrated phase 2 and 3 study designed to evalu-
ate the safety and efficacy of subcutaneous golimumab for 
the induction of remission in moderate-to-severe UC [5]. In 
conjunction with this, an equivalent IV trial program was 
commenced (PURSUIT-IV) assessing 2 and 4 mg/kg doses. 
However, as interim analysis suggested that induction regi-
mens in the SC trial resulted in better clinical efficacy and 
pharmacokinetic profiles than in the IV trial, only the SC 
trial was taken forward.

Subjects enrolled to PURSUIT-SC were required to have 
failed or responded inadequately to standard therapy includ-
ing oral 5-aminosalicylates, thiopurines, or oral corticoste-
roids. Patients who had previously been treated with 
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anti-TNF therapy were excluded from taking part in the 
study. At least moderate disease activity was required, 
defined as a Mayo score of 6–12 with an endoscopic sub-
score of 2 or more. Endoscopies were scored by the local 
investigator rather than being centrally read [6].

The initial phase 2 portion of the study was conducted to 
determine the dose–response relationship of subcutaneous 
golimumab. The data generated from this part of the study 
was then used to inform the design of the phase 3 portion of 
the trial, designed to evaluate efficacy. In the phase 2 study 
169 patients were randomized to receive either placebo or 
one of three induction regimens: subcutaneous golimumab 
administered at weeks 0 and 2 in doses of 100/50, 200/100, 
or 400/200 mg. After safety, pharmacokinetic and efficacy 
analyses, the 200/100 and 400/200 mg doses were selected 
for continuation in the phase 3 study.

Seven hundred and seventy-four patients were enrolled 
into the phase 3 portion of PURSUIT. The study’s primary 
endpoint was clinical response at week 6 defined as a 
decrease in the Mayo score by at least three points and by 
30 % or more, with a bleeding subscore of 0 or 1, or decrease 
≥1. Clinical remission was a secondary endpoint and was 
defined as a Mayo score ≤2 (with no sub-score greater 
than 1). Additional secondary endpoints included rates of 
mucosal healing (MH) and impact on Quality of life (QoL). 
MH was defined as a Mayo endoscopic sub-score of 0 or 1 

and QoL was quantified using the Inflammatory Bowel 
Disease Questionnaire (IBDQ).

The study demonstrated positive findings for the pri-
mary and all secondary endpoints. A significantly larger 
proportion of subjects in the golimumab treated groups had 
achieved clinical response, clinical remission (Fig. 44.1), 
MH and had greater IBDQ scores when compared with pla-
cebo. Clinical response at week 6, the primary endpoint, 
was significantly greater in the 400/200 mg (55 %) and 
200/100 mg (51 %) groups compared with placebo (30 %, 
p < 0.0001 for both treatment groups) as were MH rates 
(400/200 mg—45 %, 200/100 mg 42 %, placebo—29 %; 
p < 0.0001 and < 0.0014 respectively). In addition, although 
a Mayo score of 0 or 1 has been shown to be a clinically 
meaningful endpoint [7], as part of the endoscopic evalua-
tion a more stringent endoscopic endpoint, Mayo 0 (normal 
mucosa or inactive disease) was also investigated 
(Fig. 44.2). Whilst this endpoint was uncommon in partici-
pants at week 6, it occurred more commonly in golimumab-
treated patients than those receiving placebo 
(12 %—400/200 mg regimen vs 4 %—placebo, p < 0.0001). 
Clinical remission was also more common in golimumab 
treated patients approximately 18 % of whom entered 
remission compared with only 6 % of the placebo group 
(p < 0.0001) resulting in a number needed to treat of 
approximately eight patients [8].

Fig. 44.1 Clinical response (above) and remission (below) rates for golimumab induction therapy in PURSUIT-SC
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Biochemical evidence of improvement was also demon-
strated with the mean C-reactive protein (CRP) concentra-
tion declining to a greater extent in the 400/200 and 
200/100 mg groups compared with placebo; fecal calprotec-
tin was not measured.

The authors of the PURSUIT-SC study concluded that 
subcutaneous golimumab induces clinical response, remis-
sion and mucosal healing and improves quality of life in 
patients with active UC. Based on these results both the 
EMA and FDA approved the same induction regimen: 
200 mg at week 0 and 100 mg at week 2, independent of 
weight.

However, subsequent comment on the trial outcome has 
suggested that although these endpoints are conventional 
(they parallel those used in trials of infliximab [9] and adali-
mumab [10]) and were achieved, they may not tell clinicians 
all they need to know about the drug. For example, although 
golimumab is superior to placebo, it remains true that the 
vast majority of patients who respond to the drug are still 
symptomatic, on concomitant steroids, and without a “nor-
mal or inactive” mucosal appearance [8].

 Golimumab as Maintenance Treatment

All subjects from the PURSUIT-SC trial program were eli-
gible for enrollment into the PURSUIT-Maintenance 
(PURSUIT-M) study (Fig. 44.3) [11]. The 464 patients who 
achieved a clinical response with golimumab induction ther-
apy were subsequently randomized to either placebo or treat-
ment with 50 or 100 mg of golimumab administered every 4 
weeks. A further 129 patients who had responded to placebo 
continued on placebo maintenance therapy, and 635 patients 
who did not respond (to either placebo or golimumab) 
received open-label golimumab 100 mg every 4 weeks 

(Fig. 44.4). The primary end point was clinical response 
maintained through to week 54. To demonstrate maintained 
response patients were assessed using the partial Mayo score 
at 4 weekly intervals with the addition of the endoscopic 
component (to generate the full Mayo score) at weeks 30 and 
week 54. Patients who met predefined criteria for a clinical 
flare at any time point underwent an endoscopy to confirm 
loss of response.

Golimumab was shown to maintain response in 47 % and 
50 % of patients who received 50 or 100 mg golimumab 
every 4 weeks, respectively, versus 31 % in the placebo group 
(p = 0.010 and p < 0.001, respectively), thus meeting the tri-
al’s primary endpoint (Fig. 44.5).

The secondary endpoint of clinical remission at both 
weeks 30 and 54 was achieved by 16 %, 23 %, and 28 % in 
the placebo, golimumab 50 mg, and golimumab 100 mg 
groups, respectively (Fig. 44.5). This difference reached sta-
tistical significance in the 100 mg group but not in the 50 mg 
group, despite a numerical advantage being seen (p = 0.122 
and p = 0.004 for 50 mg and 100 mg golimumab-treated 
patients versus placebo). Additional secondary endpoints of 
MH, and corticosteroid-free remission by week 54 were also 
significantly more likely to occur in patients treated with 
golimumab compared with placebo.

Based on the results of PURSUIT-M, golimumab was 
approved by both the EMA and FDA. However, the dosing 
regimen approved by each differs slightly. In the USA, all 
patients receive 100 mg every 4 weeks, whilst in Europe 
patients below 80 kg receive 50 mg every 4 weeks and only 
those over 80 kg receive 100 mg every 4 weeks.

The design of PURSUIT-M was novel in several ways. 
Firstly, its definition of maintained response was more strin-
gent than any previously seen in a UC trial. Long-term con-
tinuous efficacy was evaluated over the course of 15 
prospective assessments without loss of response permitted at 

Fig. 44.2 Rates of mucosal healing (Mayo 1 or 0, left panel) and inactive mucosal disease (Mayo 0 only, right panel) at week 6 in PURSUIT-SC
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any time-point (Fig. 44.6). This compares with three assess-
ments undertaken as part of the ACT-1 [9] maintenance trial or 
the two seen in the ACT-2 [9] and ULTRA [10] maintenance 

trials. Second, PURSUIT‐M was the first randomized with-
drawal study of an anti-TNF in UC, thus clarifying that induc-
tion only is insufficient to maintain a long-term response.
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Fig. 44.3 Overview of the study design of the PURSUIT program
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 Safety

It remains too early for any safety registry data for golim-
umab in inflammatory bowel disease to mirror the results 
from the infliximab (TREAT [12]) and adalimumab 
(PYRAMID [13]) registries. However, safety analyses from 
the PURSUIT trials and results as well as long-term exten-
sions of randomized controlled trials carried out in rheuma-
toid diseases help to inform this area [14]. During the 
PURSUIT trial program the observed safety signals were 
reassuring and consistent with experience gained from use in 
rheumatoid arthritis as well as with the safety profile of the 
other anti-TNF agents. Four cases of tuberculosis were seen, 
all in golimumab-treated patients (who were also receiving 
corticosteroids) living in endemic regions, with one resulting 

death. This finding should serve to underscore the impor-
tance of robust pretreatment screening for tuberculosis in 
clinical practice. Overall, the percentage of patients with 
adverse events were similar across the golimumab treatment 
groups but were somewhat higher compared with the pla-
cebo group. However, when the safety data were normalized 
to 100 years of patient follow-up, the incidence of adverse 
events was comparable across each of the treatment groups 
(Table 44.1). The most commonly observed adverse events 
(other than UC flare) were nasopharyngitis, headache, and 
arthralgia. Injection site reactions were more common in 
golimumab treated patients and occurred in 7.1 % of patients 
receiving 100 mg golimumab, 1.9 % receiving 50 mg golim-
umab and 1.9 % receiving placebo. Other than this finding, 
no significant dose-dependent accumulation of adverse 
events was seen.

Fig. 44.5 Proportion of golimumab induction responders who maintained clinical response through week 54 (above) achieved clinical remission 
at both weeks 30 and 54 (below)

Fig. 44.6 Diagram demonstrating 
distribution of the fifteen clinical 
assessments (two of which 
included endoscopy) made as part 
of PURSUIT-M
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In a 3-year follow-up of 2226 patients with rheumatologi-
cal conditions (rheumatoid arthritis, psoriatic arthritis, or 
ankylosing spondylitis) treated with golimumab in clinical 
trials, it was observed that golimumab 100 mg showed 
numerically higher incidences of serious infections, demye-
linating events, and lymphoma than 50 mg [14]. Although 
none of these differences reached statistical significance, fur-
ther longitudinal safety data is yet to be reported at 5 years to 
clarify further the relationship with these potential long-term 
adverse effects.

 Pharmacokinetic Data and Exposure–
Response Relationship

Analysis of serum golimumab concentrations during 
PURSUIT was carried out using a validated assay and 
revealed that serum concentrations were dose-proportional. 
Furthermore, there was an exposure–response relationship 
in that those with higher serum concentrations of golim-
umab had higher rates of response and remission as well as 
greater improvement in median composite Mayo scores. 
The median trough level serum concentration (measured 
prior to administrations at weeks 8, 12, 20, 28, 36, and 44) 
was 0.69–0.83 μg/mL in the golimumab 50 mg group and 
1.33–1.58 μg/mL in the golimumab 100 mg group. 
 Steady-state pharmacokinetics was achieved after approxi-
mately 8 weeks of maintenance treatment with no carry-
over effect observed from the induction dose regimen 
received. Further pharmacokinetic analysis demonstrated 
that the bioavailability of golimumab is approximately 
52 % and that its half-life is approximately 10.5 days. These 
values compare with 64 % and approximately 14 days for 
adalimumab [15].

In PURSUIT-SC the change from baseline Mayo score 
and rates of clinical response and clinical remission at week 
6 increased with increasing quartiles of serum golimumab 
concentration (Fig. 44.7). In the subsequent maintenance 
trial, a combined analysis of patients randomized to golim-
umab 50 and 100 mg groups showed that more patients in 
the higher serum golimumab concentration quartiles 

achieved clinical response through to week 54, or clinical 
remission at both weeks 30 and 54, when compared with 
those in the lower serum concentration quartiles (Fig. 44.8). 
This raises the possibility that dose escalation could be an 
effective strategy for patients with lower drug levels 
although, it should be noted that there was no difference in 
the rate of clinical response in secondary nonresponders 
who received dose escalation, compared to those who 
maintained the 50 mg dose albeit only in a small number of 
patients [8].

Despite demonstrating an exposure–response relation-
ship, quartile data does not allow identification of a thera-
peutic range and, in particular, a minimum threshold and 
further dedicated, prospective trials are warranted for this 
purpose in UC. Initial studies have been carried out to 
investigate golimumab serum drug levels and antidrug anti-
bodies in rheumatoid arthritis [16]. In a prospective, obser-
vational cohort study consisting of 37 patients a similar 
correlation between trough level quartile and response was 
observed as described above. The lowest quartile (golim-
umab < 0.25 mg/L) comprised 32 % of all nonresponders, 
whilst the highest (golimumab > 1.4 mg/L) comprised 47 % 
of all responders. Data such as these could be used to opti-
mize the use of golimumab in clinical practice and possibly 
also inform prospective therapeutic drug monitoring trials 
employing trough levels to drive dosing. Amongst the 
patients with rheumatoid arthritis treated with golimumab, 
three patients were found to have high antidrug antibody 
titers. These resulted in undetectable golimumab levels and 
poor clinical outcome. Antidrug antibodies were also 
detected in a small minority of patients (2.9 %) in the 
PURSUIT trials and the majority of these (67.7 %) were 
found to be neutralizing. Their occurrence was significantly 
less common in patients who were receiving concomitant 
immunomodulators (1.1 %) compared with patients who 
were not (3.8 %). These findings argue for the use of golim-
umab in combination with an immunomodulatory drug to 
optimize its efficacy, although future research comparing 
combination to monotherapy is necessary to establish 
whether combination therapy is associated with clinical 
benefit and to understand the risk benefit ratio.

Table 44.1 Key safety findings, normalized to 100 patient-years of follow-up through to week 54

Golimumab

Placebo (n = 156) 50 mg (n = 154) 100 mg (n = 154)

Number of specified events per 100-PYs of FU

Adverse event 211 187 173

Serious adverse events 13 10 17

Infections 55 61 60

Serious infections 3 4 4

Adverse events leading to discontinuation of study 
agent

10 6 10
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 The Position of Golimumab in the UC 
Therapeutic Algorithm

Where golimumab is positioned in the treatment of moderate 
to severe UC will depend on a number of factors some of 
which will vary across individual healthcare systems, centers, 
clinicians and patients. Its pattern and frequency of use will, 
therefore, likely vary. No head-to-head trials have been per-
formed comparing different anti-TNF agents in UC; however, 
a network meta-analysis, comprising 2282 patients receiving 
anti-TNF (infliximab, adalimumab or golimumab) or vedoli-
zumab for UC [17] has been published. This identified a trend 
suggesting that infliximab may be slightly more effective 
than the other biologic agents although the only statistically 
significant difference was seen when comparing the ability of 
infliximab and adalimumab in inducing clinical response 
(odds ratio 2.36; confidence interval 1.22–4.63) and mucosal 
healing (odds ratio 2.0; confidence interval 1.13–3.59). It is 
important to remember the weaknesses of comparing results 
from different trials; however, golimumab and adalimumab 
seem to be approximately equivalent in terms of efficacy and 
safety. From the perspective of patient comfort, golimumab 
would seem favorable owing to its 4 weekly administration 
schedule compared with every other week (or every week in 
the case of dose intensification) for adalimumab.

The use of golimumab as a rescue therapy in acute severe 
hospitalized patients with UC has not been studied and inf-
liximab will remain the anti-TNF agent of choice for these 
patients. Golimumab has also not been evaluated formally 
in patients who have failed other anti-TNF agents. As both 
primary non-response and secondary loss of response to 
anti- TNF therapy are common, the effectiveness of golim-
umab as a second line anti-TNF agent needs to be deter-
mined. Finally, whether vedolizumab will eventually 
become the preferred biologic for UC currently remains 
unclear. The positioning of anti-TNF and anti-adhesion 
molecule therapy will become apparent as experience of use 
of the latter increases.

 Summary and Conclusion

Golimumab is licensed for use in moderate-to-severe UC 
based on proven efficacy in the induction and maintenance 
of clinical response and remission. This evidence was gener-
ated in high-quality, well-designed, and large-scale random-
ized controlled trials, which also demonstrated its safety. 
Although long-term safety data from a prospectively main-
tained registry in IBD is not yet available, results from such 
cohorts in rheumatology are reassuring and in keeping with 
other the anti-TNF agents.
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Its dosing schedule and route of administration are factors 
that may lead clinicians and patients to favor it over alterna-
tive anti-TNF agents in certain scenarios and its use is there-
fore likely to increase. However, many questions regarding 
its optimal use and comparative effectiveness remain to be 
answered, these include; does dose escalation improve effi-
cacy amongst nonresponders? Does trough level target driven 
dosing yield better results? Is combination therapy favorable 
to monotherapy? What role do antidrug antibodies play, and 
can they be overcome by dose escalation or immunomodula-
tion? How effective is golimumab in the setting of previous 
anti-TNF failure? How would golimumab compare to other 
anti-TNF agents and vedolizumab in head-to-head trials?

These questions will require dedicated trials to generate 
the necessary evidence to allow clinicians and patients to get 
the most out of this new agent in the treatment of UC.
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 Treatment Goal in Ulcerative Colitis (UC)

Following the introduction of biologic agents, of which the 
anti-tumor necrosis factor (TNF) antibodies have occupied 
the scene in the last decade, the treatment goal for patients 
with UC has shifted from symptom control towards steroid- 
free remission and healing of the mucosa. How endoscopic 
healing is achieved is less important, as long as it is done in 
a timely manner and chronic use of steroids is avoided. The 
degree of mucosal healing is still a matter of debate. 
Whereas disappearance of frank ulcers and overt bleeding 
is unanimously accepted, it is less clear if some persistence 
of friability and decreased vascular pattern can be left 
alone. Furthermore, presence of basal plasmacytosis in the 
lamina propria seen on histology has been confirmed by 
several groups as a marker of relapse, therefore even sug-
gesting that histologic healing should be studied in the 
future [1].

 Anti-Cell Adhesion Strategies as a Novel 
Therapeutic Class in IBD

The relatively high treatment failure rate of anti-TNF 
therapy (both primary or secondary loss of response), 
especially in UC, urged the need for new agents targeting 
other pathways involved in the disease pathogenesis. A 
promising idea is to dampen the influx of immune cells 
towards the inflamed sites in the intestinal mucosa, rather 
than targeting inflammatory cells and mediators that are 
already present: the so- called anti-cell adhesion mole-
cules. T cells originate in the bone marrow and mature in 
the lymph nodes by differentiating into regulatory or 

effector cells. This occurs thanks to the activation by den-
dritic cells after they have recognized the antigen (Ag). 
The effector T cells have receptors that enable them to 
migrate to the inflamed tissue, mainly through the post-
capillary venules. One of the crucial points of the 
increased immune response in inflammatory bowel dis-
ease (IBD) is the increased migration of T cells to the 
intestinal tract. Leucocytes travel at high speed through 
the vasculature, and in order to migrate to tissues such as 
the intestinal tract, there is a sequential adhesion system 
consisting of the capture, tethering, rolling, activation, 
adhesion and migration through the vascular wall [2, 3]. 
The capture of the T cells to the endothelium is mediated 
through the interaction between selectins (L-selectins 
expressed by leucocytes and P- and E-selectins that are 
found on the endothelium) and oligosaccharide moieties 
that act as ligands. This weak and transient interaction 
allows leucocytes first to slow their speed in the vascular 
flow and then to roll through the vascular wall by going 
from one selectin to another. There are several arguments 
favoring the development of anti-leukocyte migration 
strategies in UC. First, UC is characterized by a strong 
adhesion molecule-mediated mucosal infiltration of leu-
kocytes [4] (Fig. 45.1). Next, VCAM-1, the ligand for 
integrin α4β1, is upregulated in the vascular endothelium 
of the inflamed gut [5]. Furthermore, MADCAM, ligand 
for integrin α4β7 ligand which is responsible for the traf-
ficking of lymphocytes to the gut, is also upregulated in 
IBD mucosa.

Attempts to suppress inflammation in a gut-selective 
way have been successful with antibodies targeting alpha4 
beta7+ T-lymphocytes, which have a phenotype of intesti-
nal homing lymphocytes. This class of drugs is certainly 
anticipated to be superior from a safety perspective. 
Preclinical studies showed efficacy of blocking integrin 
α4(β7) in the spontaneous cotton-top tamarin colitis model 
[6, 7]. More recently, the genetic association between IBD 
and integrins (ITGAL = integrin alpha–L), chemokines 
and chemokine receptors has been uncovered. The main 
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cell populations responsible for the adaptive immune 
response in the gut are antigen-presenting cells, which can 
be professional (dendritic cells) or not professional (epi-
thelial cells), effector cells (effector T cells, granulocytes, 
natural killer, macrophages, etc.), regulatory T cells, and 
mucosal B cells. Secondary adhesion molecules are mem-
bers of the family of integrins. These allow leucocytes to 
stop rolling and start migration and extravasation through 
the vascular wall. The expression of integrins is activated 
by chemokines, which are released by T cells. Integrins 
involved in the T-cell migration are as follows: leucocyte 
function-associated antigen 1 (LFA-1 or α2β2) and the two 
α4-integrins (α4β7 and α1β7). The subunit α is implied in 
the specificity and the subunit β in signal pathways. For 
the migration of the leucocytes, these integrins bind to 
specific ligands at the endothelium called addressins or 
adhesion molecules. The α2β2 integrin, expressed on neu-
trophils, interacts with intercellular adhesion molecule-1 
(ICAM-1) that is expressed on leucocytes, dendritic cells, 
fibroblasts, epithelial cells, and endothelial cells. The α4β1 
integrin is composed of one β1 chain and one α4 chain and 
is expressed on most leucocytes, but not on neutrophils. 
The α4β1 integrin binds to vascular cell adhesion mole-
cule-1 (VCAM-1) and to components of the extracellular 
matrix such as fibronectin and thrombospondin. The third 
family is the α4β7 integrin, which is expressed on the lym-
phocytes that colonize the gut and gut-associated lym-
phoid tissues and interacts with the mucosal addressin-cell 
adhesion molecule 1 (MAdCAM-1). The MAdCAM-1 
ligand is expressed in the endothelial venules in the small 
intestine, in the Peyer’s patches and the colon, and the 
interaction with integrin α4β7 activates the migration of 
lymphocytes to Peyer’s patches. Therefore, the interaction 
between α4β7 and MAdCAM-1 is gut-specific.

 Natalizumab (Tysabri)

Anti-integrin strategies have been developed and two com-
pounds have received FDA/EMA approval so far. 
Natalizumab, a human anti-alpha4 integrin antibody, was 
developed first and the clinical development with the 
ENCORE & ENACT trials met their primary endpoint [8, 9]. 
The drug received a FDA-fast track approval for treatment of 
moderate-to-severe Crohn’s disease, not responding to stan-
dard drugs. However, following a number of fatal case 
reports of patients treated with natalizumab who developed 
progressive multifocal leukoencephalopathy (PML), a neu-
rological disorder caused by reactivation of JC virus in the 
brain, further drug development was stopped [10, 11] 
(Fig. 45.2). In 2008, the US Food and Drug Administration 
(FDA) approved natalizumab (Tysabri) for the treatment of 
moderate-to-severe Crohn’s disease. Crohn’s disease patients 
who are started on Tysabri must be enrolled in a special 
restricted distribution program called CD TOUCH (Crohn’s 
Disease-Tysabri Outreach Unified Commitment to Health). 
Under CD-TOUCH, physicians evaluate CD patients after 3 
months of Tysabri treatment to determine if they have 
improved on Tysabri and if not, patients should discontinue 
further treatment. Previously, in 2006, Tysabri was approved 
by FDA to treat relapsing forms of multiple sclerosis.

 Vedolizumab (Entyvio)

The necessity to develop a gut-selective drug became clear 
after reports of PML with the non-gut specific anti-alpha4 inte-
grin natalizumab. Vedolizumab was developed soon after and 
inhibits the binding of alpha4beta 7 integrin to its receptor 
MadCam, hence selectively inhibiting homing of T-lymphocytes 

Fig. 45.1 Tc-99 m HMPAO 
WBC scintigraphy in a patient 
with ulcerative colitis (left) 
whole-body image and (right) 
a detail of the abdomen. 
Rapid migration of 
lymphocytes from the 
peripheral circulation to the 
colon is seen
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to the gut. Feagan et al. studied vedolizumab, in a randomized, 
double-blind trial of 29 patients with moderately severe UC 
[12]. Three single doses of vedolizumab 0.15, 0.5, and 2.0 mg/
kg or placebo were studied. Follow-up studies looked at 
repeated doses: in the study by Feagan et al., 181 patients with 
active UC were randomized to receive vedolizumab 0.5, 2 mg/
kg or matched placebo on days 1 and 29 [13]. The study by 
Parikh et al. included 47 patients and doses of 2, 6, 10 mg/kg or 
placebo, administered on days 1, 15, 29, and 85 [14]. The large 
GEMINI I phase III trial in UC was an integrated induction and 
maintenance study and met the primary endpoint of clinical 
response at week 6 [15]. In the trial of induction therapy, 374 
patients (cohort 1) received vedolizumab at a dose of 300 mg 
or placebo intravenously at weeks 0 and 2, and 521 patients 
(cohort 2) received open-label vedolizumab at weeks 0 and 2. 
In the trial of maintenance therapy, patients who had a response 
to vedolizumab at week 6 were randomly assigned to continue 
receiving vedolizumab every 8 or 4 weeks or to switch to pla-
cebo for up to 52 weeks. At week 6, 47 % of UC patients treated 
with vedolizumab responded and 41 % showed healing (in con-
trast to 25 % for both endpoints in the placebo group). The 
long-term results were even more impressive as 45 % of 
patients treated with vedolizumab q4 weeks were in corticoste-
roid free remission at week 52 (14 % in the placebo arm) and 
56 % had mucosal healing (20 % in the placebo arm). The 
GEMINI programs demonstrated superior efficacy in induc-
tion and maintenance of remission and in May 2014, vedoli-
zumab was approved by FDA and also by the European 
Medicines Agency (EMA) for treatment of CD and UC [15, 
16] (Fig. 45.3). An open-label GEMINI-long term safety 
(LTS) trial, is currently running and will be completed in March 
2016 (NCT00790933).

 Etrolizumab

Etrolizumab is a humanized IgG1 monoclonal antibody to β7 
integrin expressed on lymphocytes. Etrolizumab inhibits 
therefore trafficking of T-lymphocytes into the gastrointesti-
nal mucosa through interaction between alpha4 beta7 with 
MadCam but also blocks retention of lymphocytes in the gut 
epithelium by blocking interaction of alphaE beta7 and its 
ligand E-Cadherin. As such, etrolizumab is also gut-selective 
and does not interfere with leukocyte trafficking to the cen-
tral nervous system or to other non-mucosal tissues and PML 
is also not expected to occur with this compound. The exact 
role of Alpha-E positive lymphocytes in human IBD is 
unknown and this cell population accounts for less than 1 % 
of all circulating lymphocytes in the peripheral blood.

A phase 1 study with etrolizumab showed a good safety 
profile [17]. The phase 2 study conducted in UC included 
124 patients who were randomized to placebo or a low 
(100 mg) or high (300 mg + loading dose) of SC dosed etro-
lizumab q 4 weekly [18]. The primary endpoint was clinical 
remission at week 10. A significantly higher proportion of 
patients treated with etrolizumab low dose (21 %) or high 
dose + loading dose (10 %) met the primary endpoint of clini-
cal remission compared to placebo (0 %). The effect was 
entirely driven by the anti-TNF naïve patient population, 
although the low sample size of this phase 2 study precludes 
from making strong statements about this observation. 
Interestingly, patients with high alpha-E (ITGAE) gene 
expression in their baseline colon biopsies had a higher like-
lihood of achieving clinical remission that patients with low 
alphaE gene expression (using a median cutoff value to 
define high and low expression). In addition a high numbers 

Fig. 45.2 Brain MRI in a IBD patient treated with natalizumab shows progressive multifocal leucoencephalopathy (Van Assche G et al. N Engl J 
Med 2005;353:362–36)
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of αE+ cells predicted a higher remission rate. Based on 
these encouraging results, a large phase 3 program with etro-
lizumab is ongoing in anti-TNF naïve and experienced 
patients and includes besides placebo-controlled studies also 
a number of trial designs with active comparator arm against 
anti-TNF agents (e.g., NCT02136069, NCT02163759) 
(Fig. 45.4). Results are expected in 2017. The alpha-E posi-
tivity in the colonic biopsies will be checked to validate the 
findings of the phase 2 study on the role of alphaE as predic-
tor of response.

 Anti-MadCam

Similar to inhibition of integrins expressed on gut lympho-
cytes, their respective ligands on the endothelial wall can also 
be the target. An anti-MadCam monoclonal antibody has been 
developed by Pfizer and a first-in-human study explored the 
safety and preliminary efficacy of this compound in ulcerative 
colitis (trial Register No. NCT00928681). A total of 80 patients 
with active UC received single or multiple (three doses, 

4-week intervals) doses of anti-MadCam 0.03–10 mg/kg IV/
SC, or placebo [19]. The overall responder/remission rates at 
4 and 12 weeks were 52 %/13 % and 42 %/22 %, respectively 
with combined anti-MadCam doses compared with 32 %/11 % 
and 21 %/0 %, respectively with placebo. Clinical results were 
paralleled by a decrease in fecal calprotectin levels in patients 
treated with active drug compared to placebo. This led to the 
larger phase 2 study assessing different doses (7.5, 22.5, 75, or 
225 mg) of anti-MadCam or placebo [20]. Primary endpoint 
was clinical remission at week 12 and was met for the 7.5, 
22.5, and 75 mg doses, as compared to placebo. Interestingly, 
a bell- shaped dose-response curve was again seen with high-
est efficacy observed in patients receiving the 22.5 mg dose. 
This bell-shaped response curve was also observed in the etro-
lizumab phase 2 study where the low 100 mg dose showed 
superior results than the high 300 mg + loading dose group, 
and also in an early vedolizumab phase 2 study, the same 
observation was made. This poses the question if higher doses 
of drugs belonging to this mode of action, may also interfere 
with migration or activity of other cells such as regulatory 
T-cells? Another intriguing finding was the fact that the effect 

Fig. 45.4 Endoscopic picture of patient with ulcerative colitis before (left) and after (right) treatment with etrolizumab

Fig. 45.3 Endoscopic picture of patient with left-sided ulcerative colitis (left) shows endoscopic healing after treatment with vedolizumab (right)

S. Vermeire

http://clinicaltrials.gov/show/NCT00928681#See in ClincalTrials.gov


453

of anti-Madcam was observed almost exclusively in TNF-
naïve patients, similar to what was seen with etrolizumab, and 
to a lesser extent with vedolizumab. If this represents a more 
refractory patient population is unclear at present.

 Ideal Time Point for Assessment of Response 
with Anti-CAM

Compared to the anti-TNF drugs, and following their mecha-
nism of action, anti-leukocyte trafficking drugs have a slower 
onset of action. The GEMINI I study with vedolizumab 
assessed response and remission in UC at week 6 and met its 
primary endpoint [15]. Etrolizumab in the phase 2 study met 
its primary endpoint of clinical remission at week 10 [18] 
and the recently completed phase 2 study with anti-Madcam 
in UC assessed response and remission no earlier than week 
12 [20]. It therefore seems that the optimum time point for 
assessment of response or remission will most likely be situ-
ated 10 weeks or more following the first administration. 
Real-life cohort studies in the coming years will undoubt-
edly learn when physicians should reassess before determin-
ing primary non-response. This also implies that bridging 
strategies will need to be adopted to enhance symptom con-
trol in the first weeks. What the most optimal bridging strat-
egy for induction of remission will be, is unknown at this 
moment but fast-induction agents such as corticosteroids, 
anti-TNF and even cyclosporine have already been proposed. 
While efficacy is important, the safety profile of combining 
2 or more immunosuppressive agents however also needs to 
be considered, as will be the economic cost.

 Maintenance of Response and Remission

The true benefit of the class of anti-trafficking agents lies in 
their ability to maintain remission and mucosal healing. 
Long-term maintenance results of vedolizumab q8 weeks in 
GEMINI I showed remission rates at week 52 of 45 %, 
corticosteroid- free remission rates of 45 % and mucosal heal-
ing of 56 %. The GEMINI Long Term Safety (LTS) study 
released results from 3 year maintenance therapy with sus-
tained remission rates in >90 % of patients, suggesting only 
minor loss of response. Although data on immunogenicity 
and drug exposure are limited thus far, only 4 % of patients 
developed antidrug antibodies in GEMINI I and II [15, 16].

 Biologic-Naïve Patients: Anti-TNF  
or Anti- Leucocyte Trafficking?

The most challenging question at present probably in a patient 
with moderate to severe UC failing 5-ASA, steroids and/or 
azathioprine, is which biologic therapy to start? Until 1 year 

ago only anti-TNF was available and physicians used param-
eters such as disease severity and patient preferences to guide 
the therapeutic decision to infliximab, adalimumab, or golim-
umab. With the advent of vedolizumab, the choice of treat-
ment expands and with this, also the need for predictive 
biomarkers or mucosal signatures of response. A personalized 
therapeutic approach is very well known and applied already 
in other disease areas. In oncology, gene expression profiling 
has been successfully used to identify transcriptional signa-
tures that predict several aspects of disease behavior, includ-
ing risk of metastasis and response to chemotherapy [21, 22]. 
These gene expression-based biomarkers have also been 
translated into clinical practice and have received FDA-
approval [23]. In contrast, in autoimmune and inflammatory 
disorders, such techniques have generally not detected signa-
tures with equivalent prognostic utility. Typically, the tissues 
examined (peripheral blood mononuclear cells (PBMCs), 
mucosal biopsies, …) are heterogeneous, and hence any tran-
scriptional variation detected will predominantly reflect dif-
ferences in the cellular composition between samples. We 
previously identified a mucosal gene signature to predict 
response to infliximab in IBD [24]. The most exciting data in 
this respect, as addressed above, have been generated for 
etrolizumab. In the phase 2 study, response and remission 
rates were enriched in patients expressing high alphaE+ cells 
(defined as below or above the median) [18] and in a follow-
up study, it was shown that levels of Granzyme A and Integrin 
alphaE mRNAs in colon tissues can identify patients with UC 
who are most likely to benefit from etrolizumab [25]. If this 
finding is confirmed in the large phase 3 studies, then this 
may well become the first clinically useful biomarker for pre-
dicting response to this drug.

 Safety

Whereas the first molecule in the class of anti-cell adhesion 
molecules, natalizumab, was non-gut selective, the com-
pounds which followed have a gut-selective mode of action. 
This renders a possible safety advantage over anti-TNF 
agents, that have been associated with serious opportunistic 
infections, rare malignancies such as hepato-splenic T-cell 
lymphomas and melanomas, and with psoriasiform skin 
eruptions or alopecia.

The gut-selectivity of vedolizumab and the other agents 
etrolizumab and anti-MadCam has been further demon-
strated by lack of MadCam expression in human brain (in 
contrast to expression of VCAM-1 in the brain). The effect 
of vedolizumab on cerebrospinal fluid was also studied in 
healthy volunteers receiving a single dose of vedolizumab 
and who underwent a lumbar punction pretreatment and at 
week 5 post-treatment. No changes in CD4/CD8 ratio was 
observed. Similarly, the effects of anti-MadCam on CSF 

were studied in Crohn’s patients in the TOSCA study and no 
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changes in CSGF composition following anti-MadCam 
treatment were observed. Wyant et al. studied the serocon-
version of IM Hepatitis B vaccination or oral cholera vaccine 
following treatment with vedolizumab in healthy volunteers. 
Whereas the anti-HBs titers were similar between placebo or 
vedolizumab, the mean anti cholera toxin IgG levels were 
significantly higher in placebo-treated individuals as com-
pared to vedo-exposed individuals, demonstrating the gut- 
selective mode of action of the latter. Of course long-term 
safety registries are ongoing with all agents in this class, 
although at this moment, no cases of PML have been 
reported. Patients in the GEMINI programs with vedoli-
zumab were actively monitored for PML with very frequent 
screenings. Any unexplained neurological symptom also 
needed further evaluation.

With regard to overall safety of vedolizumab, no statisti-
cally significant difference has been observed in the propor-
tion of patients who experienced any adverse event (AE) or 
serious adverse events. Commonly reported AEs in the studies 
included worsening of UC, headache, nasopharyngitis, upper 
respiratory tract infection, nausea, and abdominal pain.
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 Introduction

The rationale for using probiotics, prebiotics, and antibiotics 
in IBD is based on convincing evidence that implicates 
intestinal bacteria in the pathogenesis of the disease. The dis-
tal ileum and the colon are the areas with the highest bacte-
rial concentrations and represent the sites of inflammation in 
IBD. Similarly, pouchitis, the nonspecific inflammation of 
the ileal reservoir after ileo-anal anastomosis, appears to be 
associated with bacterial overgrowth and dysbiosis. Enteric 
bacteria and their products have been found within the 
inflamed mucosa of patients with Crohn’s disease (CD) [1]. 
The composition of the enteric flora is altered in patients 
with IBD. Increased numbers of aggressive bacteria, such as 
Bacteroides, adherent/invasive Escherichia coli, and entero-
cocci, and decreased numbers of protective lactobacilli and 
bifidobacteria have been observed [2]. Manichanh et al. 
reported a restriction of biodiversity in the fecal microbiota 
of CD patients [3]. The phylum Firmicutes and particularly 
the species F. prausnitzii are underrepresented in active CD 
and UC compared with healthy subjects [4], and reduction of 
F. prausnitzii is associated with higher risk of postoperative 
recurrence of ileal CD [5]. There is evidence of a loss of 
immunological tolerance to commensal bacteria in patients 
with IBD [6]. Patients with CD consistently respond to 
diversion of fecal stream, with immediate recurrence of 
inflammation after restoration of intestinal continuity or 
infusion of luminal content into the bypassed ileum [7, 8]. 
Furthermore, pouchitis does not occur prior to closure of the 
ileostomy [9].

The most compelling evidence that intestinal bacteria 
play a role in IBD is derived from animal models. Despite 
great diversity in genetic defects and immunopathology, a 
consistent feature of many transgenic and knockout 
mutant murine models of colitis is that the presence of 
normal enteric flora is required for full expression of 
inflammation [10].

All of these observations suggest that IBD may be pre-
vented or treated by the manipulation of intestinal micro-
flora, and increasing evidence supports a therapeutic role for 
probiotics, prebiotics, and antibiotics in IBD [11].

 Probiotics

The potential benefit of probiotics in health maintenance and 
disease prevention has long been acknowledged. At the turn 
of the last century, the Russian Nobel Prize winner Elie 
Metchnikoff suggested that high concentrations of lacto-
bacilli in the intestinal flora were important for health and 
longevity in humans [12]. Probiotics are defined as “living 
organisms, which upon ingestion in certain numbers, exert 

health benefits beyond inherent basic nutrition” [13].
The bacteria most commonly associated with probiotic 

activity are lactobacilli, bifidobacteria, and streptococci, but 
other, nonpathogenic bacteria (e.g., some strains of E. coli) 
and nonbacterial organisms (e.g., the yeast Saccharomyces 
boulardii) have been used (Table 46.1). It is believed that in 
order to be clinically useful for probiotics it is important to 
be: resistant to acid and bile, metabolically active within the 
luminal flora, where they should survive but not persist in 
the long term, antagonistic against pathogenic bacteria, safe 
for human use, and viable following manufacturing 
 processes [14].

Several mechanisms have been proposed to account for 
the action of probiotics (Table 46.2). These may include 
modulation of microbiota, enhancement of barrier function, 
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and immunomodulation through direct effects of probiotic 
bacteria on different immune and epithelial cell types [15].

 Studies in Animal Models

Encouraging results have been obtained with probiotic ther-
apy in experimental colitis. Administration of Lactobacillus 
reuteri has been shown to significantly reduce inflammation 
in acetic acid- and methotrexate-induced colitis in rats [16, 
17]. More recently, a mixture of species of lactobacilli was 
shown to prevent the development of spontaneous colitis in 
interleukin-10 (IL-10)-deficient mice [18], and continuous 
feeding with Lactobacillus plantarum was shown to attenuate 
established colitis in the same knockout model [19].  
A strain of Lactobacillus, Lactobacillus salivarius subsp. 
salivarius UCC18, has been reported to reduce the rate of pro-
gression from inflammation through dysplasia and colon can-
cer in IL-10-deficient mice [20]. Furthermore, certain strains 
of Bifidobacterium infantis and L. salivarius have been shown 
to attenuate inflammation by reducing T helper type 1 cyto-
kine production in the IL-10 knockout model [21]. Shibolet 

and colleagues demonstrated that VSL#3 (VSL 
Pharmaceuticals, Inc., Ft. Laudersdale, FL, USA), a cocktail 
of probiotic bacteria, significantly attenuates inflammation 

by decreasing myeloperoxidase and nitric oxide synthase 
activity in iodoacetamide-induced colitis in rats [22]. Using 
the same probiotic mixture, Madsen and colleagues reported 
a significant improvement in inflammation, a reduction in 
mucosal levels of proinflammatory cytokines, and normaliza-
tion of colonic barrier integrity in IL-10 knockout mice [23]. 
More recently Pagnini et al. have shown that VSL#3 was able 
to promote gut health through stimulation of the innate 
immune system in a model of chronic CD-like ileitis [24].

 Ulcerative Colitis

Tables 46.3 and 46.4 summarize results of clinical trials 
carried- out with probiotics in UC. Three double-blind, con-
trolled trials have evaluated the efficacy of the probiotic 
preparation Escherichia coli Nissle 1917 (ECN) in the pre-
vention of relapses of ulcerative colitis (UC). In the first 
study 120 patients with UC were treated for 12 weeks with 
either 5 × 1010 colony forming units (cfu) of ECN or 1.5 g/
day mesalazine. After 12 weeks 16 % of the patients in ECN 
group and 11.3 % in the mesalazine group relapsed. The sta-
tistical power of this study was low and duration of treat-
ment too short, and therefore the equivalence was not 
demonstrated [25]. In the second study 116 patients were 
treated with ECN or mesalazine at lower dose (1.2 g/day) for 
1 year. Surprisingly high relapse rate occurred in both the 
ECN and mesalazine group (67 % versus 73 %) [26]. In the 
third study 327 patients were treated with either ECN or 
mesalazine (1.5 g/day) for 1 year. The relapse rate was 
respectively of 36 % and 34 % in the probiotic group and 
mesalazine, showing equivalence of the two treatments in an 
appropriate way [27].

More recently the same preparation has been used as ene-
mas in patients with mild to moderate distal UC in a double- 
blind study. Ninety patients were randomly assigned to 
receive 40, 20, or 10 ml containing ECN or placebo for 8 
weeks. In the PP analysis ECN rectal application was signifi-
cantly superior to placebo and well tolerated, in contrast to 
ITT analysis [28].

In another small randomized controlled trial, Ishikawa 
et al. evaluated the efficacy of a Bifidobacterium fermented 
milk as a dietary adjunct in maintaining remission of 
UC. Twenty-one patients were included in the study; in the 
group treated with Bifidobacterium fermented milk 3 of 
(27 %) patients had a relapse of UC compared with 10 of 11 
(90 %) of patients in the control group [29]. Similarly, in a 
4-week, open-label study, 25 patients with mild to moderate 
clinical flare-up were treated with the yeast S. boulardii at 
the dose of 250 mg three times/day for 4 weeks; 17 patients 
(68 %) attained clinical remission [30].

Table 46.1 Organisms associated with probiotic activity

Bacteria
• Lactobacilli
• Bifidobacteria
• Streptococci
• Enterococci
• Nonpathogenic Escherichia coli

Nonbacterial organisms
• The yeast Saccharomyces boulardii

Table 46.2 Mechanisms of action of probiotics

Action Mechanism

Inhibit pathogenic enteric 
bacteria

• Decrease luminal pH
• Secrete bacteriocidal proteins
• Colonization resistance
• Block epithelial binding

Improve epithelial and 
mucosal barrier function

• Produce short-chain fatty acids
• Enhance mucus production
• Increase barrier integrity

Alter immunoregulation • Increase IL-10 and TGF-β and 
decrease TNF-α
• Increase immunoglobulin A 
production

IL-10 interleukin-10, TGF-β transforming growth factor-β, TNF tumor 
necrosis factor-α
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Also VSL#3 has been investigated in the treatment of 
UC. This product contains cells of four strains of lactobacilli 
(L. casei, L. plantarum, L. acidophilus, L. delbrueckii subsp. 
bulgaricus), three strains of bifidobacteria (B. longum, B. 
breve, B. infantis), and one strain of Streptococcus salivarius 
subsp. thermophilus. Each packet of VSL#3 contains 450 
billion viable lyophilized bacteria. A pilot study was per-
formed using VSL#3 as a maintenance treatment in UC 

patients in remission who were either allergic or intolerant to 
sulfasalazine and mesalazine. Patients (n = 20) received, 
1.8 × 1012 CFU VSL#3 for 12 months and were assessed clin-
ically and endoscopically at baseline, at 6 and 12 months, or 
if relapse occurred.

Fecal concentrations of lactobacilli, bifidobacteria, and  
S. thermophilus were significantly increased by VSL#3. In 
total, 15 of the 20 patients (75 %) remained in remission dur-
ing the study [31]. In an open-label study, high-dose VSL#3 
(3.6 × 1012 CFU) induced remission, after 6 weeks, in 63 % of 
patients with active mild-to-moderate disease, who failed to 
respond to mesalazine or corticosteroids, and was associated 
with a positive response in a further 23 % [32]. In a multi-
center, double-blind, placebo-controlled trial 147 patients 
with mild to moderate UC were randomized to receive either 
3.6 × 1012 CFU VSL#3 or placebo for 12 weeks. At 6 weeks 

the rate of patients with >50 % reduction in UCDAI (primary 
end-point) were respectively 32.5 and 10 % for VSL#3 and 
placebo (p = 0.001). At 12 weeks the rate of remission was 
42.9 % for VSL#3 and 15.7 % for placebo (p < 0.001). The 
VSL# group had significantly greater decreases in UCDAI 
scores and individual symptoms at weeks 6 and 12 weeks 
compared with placebo group [33].

More recently, in a multicenter, double-blind, random-
ized, placebo-controlled study, a total of 144 patients with 
relapsing UC, while on treatment with salicylates or immu-
nosuppressants, were treated with either VSL#3 (71 patients) 
at the dose of 3.6 × 1012 CFU/day or placebo (73 patients) for 
8 weeks. The decrease of UC activity index (UCDAI) scores 
of 50 % or more and improvement in rectal bleeding were 
significantly higher in the VSL#3 treated group, while endo-
scopic improvement and remission rate did not reach statisti-
cal significance. Only few patients reported mild side-effects 
with placebo and VSL#3 [34].

In two small recent studies, VSL#3 has been reported to 
achieve remission/response in children with mild to moder-

ate UC. In the first double-blind, placebo-controlled study, 
29 patients with newly diagnosed UC were randomized to 
receive either VSL#3 (weight-based dose, range 0.45 × 1012 
CFU -1.8 × 1012 CFU) or placebo both in induction and 

Table 46.3 Probiotics in UC: induction of remission

Study N Duration Probiotic Control
Remission
Probiotic/Cont P

Rembacken 1999 116 4 months Prednisone/
Gentamicin
+ E. coli Nissle

Prednisone/
Gentamicin
+ 5ASA

68 %; 75 % Equal to 
5ASA? 
Pred effect

Guslandi 2003  25 1 month S. boulardii Open label 68 %

Bibiloni 2005  34 6 week VSL#3 Open label 63 %

Sood 2009 147 12 week VSL#3 Placebo 32.5 %; 10 % <0.001

Tursi 2010 144 8 week VSL#3 Placebo Improvement in UCDAI
60.5 %,

<0.017

Miele 2009  29 1 month VSL#3 Placebo 92 % 36.4 % <0.001

Huynh et al. 2009  13 8 week VSL#3 Open label 56 %

Table 46.4 Probiotics in UC: maintenance of remission

Study N Duration Probiotic Control
Remission
Probiotic; Cont P

Rembacken 1999 116 12 months E. coli Nissle 5ASA 26 %; 25 % Relapse rates near placebo

Kruis 1997 120 3 months E. coli Nissle 5ASA 84 %; 89 % Equivalence to 5ASA

Kruis 2004 327 12 months E. coli Nissle 5ASA 64 %; 66 % Equivalence to 5ASA

Venturi 1999  20 12 months VSL#3 Open label 75 %

Ishikawa 2003  21 12 months Bifidobacterium 
fermented milk

Placebo 73 %; 10 % 0.018

Miele 2009
Pediatric patients

 29 12 months VSL#3 Mesalamine 79.6 %;26.7 % 0.014
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maintenance of remission in adjunct to standard therapy. 
Remission was achieved in 13 (92.8 %) treated with VSL#3 
and in 4 (36.4 %) treated with placebo (p < 0.001). VSL#3 
was also significantly superior in maintenance of remission 
[35]. In the second, open-label trial, 18 patients with mild to 
moderate active UC were treated with VSL#3 in two divided 
doses (the dose was based on the age of children) for 8 
weeks; 10 (56 %) children achieved remission after 8 weeks, 
and post-VSL#3 treatment demonstrated a bacterial taxon-
omy change in rectal biopsy. VSL#3 was well tolerated [36].

 Pouchitis

Proctocolectomy with ileal pouch-anal anastomosis (IPAA) 
is the procedure of choice for most patients with ulcerative 
colitis (UC) requiring colectomy Pouchitis is a nonspecific 
inflammation of the ileal reservoir and the most common 
complication of IPAA in patients with UC [37]. Its frequency 
is related to the duration of follow up, occurring in up to 
50 % of patients 10 years after IPAA in large series from 
major referral centers [38–44]. It is most frequently seen 
within the first year after ileostomy closure.

Symptoms related to pouchitis include increased stool 
frequency and liquidity, abdominal cramping, urgency, 
tenesmus and pelvic discomfort [45]. Rectal bleeding, fever, 
or extraintestinal manifestations may occur. Fecal inconti-
nence may occur in the absence of pouchitis after IPAA, but 
is more common in patients with pouchitis. Symptoms of 
pouch dysfunction in patients with IPAA may be caused by 
conditions other than pouchitis, including Crohn’s disease of 
the pouch, cuffitis, and an irritable pouch. This is why the 
diagnosis depends on endoscopic and histological findings in 
conjunction with symptoms.

On the basis of symptoms and endoscopy, pouchitis can 
be divided into remission (normal pouch frequency) or active 
pouchitis (increased frequency with endoscopic appearances 
and histology consistent with pouchitis) [46, 47]. Active 
pouchitis may then be divided into acute or chronic, depend-
ing on the symptom duration. The threshold for chronicity is 
a symptom duration of >4 weeks. Up to 10 % of patients 
develop chronic pouchitis requiring long-term treatment, 
and a small subgroup has pouchitis refractory to medical 
treatment [5]. The Pouchitis Disease Activity Index (PDAI) 
has been developed to standardize diagnostic criteria and 
assess the severity of pouchitis [48]. The PDAI is a compos-
ite score that evaluates symptoms, endoscopy and histology. 
Each component of the score has a maximum of 6 points. 
Patients with a total PDAI score ≥7 are classified as having 
pouchitis although a patient should exhibit both clinical 
symptoms and endoscopic or histological evidence of 
pouchitis.

Pouchitis recurs in more than 50 % patients; patients with 
recurrent pouchitis can broadly be grouped into three catego-
ries: infrequent episodes (<1/year), a relapsing course (1–3 
episodes/year) or a continuous course. Pouchitis may further 
be termed treatment responsive or refractory, based on 
response to antibiotic monotherapy [37, 45].

In the majority of cases the etiology and pathogenesis of 
pouchitis remains unclear, and patients are labelled as having 
idiopathic pouchitis. Risk factors, genetic associations, and 
serological markers of pouchitis suggest that a close interac-
tion between the host immune response and the pouch micro-
biota plays a relevant role in the etiology of this idiopathic 
inflammatory condition [49]. Although we do not know the 
cause of pouchitis, we do believe that the intestinal microbial 
community plays an important role in maintaining pouch 
health or driving pouch inflammation [50]. In support of this 
assumption, it is observed that pouchitis only occurs after 
restoration of the fecal stream through the pouch [51, 52]. In 
addition a dysbiosis in pouchitis has been documented [53], 
and several genes associated with the innate immune 
response and microbial sensing and recognition have been 
associated with an increased risk for pouchitis including the 
NOD2/CARD15 gene [54, 55], Il-1 receptor antagonist gene 
[56], and Toll-like receptor genes [57].

Table 46.5 summarizes the results of trials carried-out 
with probiotics in pouchitis. A double-blind study to com-
pare the efficacy of VSL#3 with placebo in the maintenance 
treatment of chronic pouchitis was carried-out. Patients 
(n = 40) who were in clinical and endoscopic remission after 
1 month of combined antibiotic treatment (2 g/day of rifaxi-
min plus 1 g/day of ciprofloxacin) were randomized to 
receive either VSL#3 (1.8 × 1012 CFU) or placebo for 9 
months. Patients were assessed clinically every month, and 
assessed endoscopically and histologically at entry and every 
2 months thereafter. Stool culture was performed before and 
after antibiotic treatment, and monthly during maintenance 
treatment. Relapse was defined as an increase of at least 2 
points in the clinical section of the Pouchitis Disease Activity 
Index (PDAI) and was confirmed endoscopically and histo-
logically. All 20 patients treated with placebo relapsed dur-
ing the follow-up period. In contrast, 17 of the 20 (85 %) 
patients treated with VSL#3 were still in remission after 9 
months. Interestingly, all these 17 patients relapsed within 
4 months of suspension of the active treatment. Fecal con-
centrations of lactobacilli, bifidobacteria, and S. thermophi-
lus were significantly increased within 1 month of treatment 
initiation and remained stable throughout the study only in the 
group treated with VSL#3 [58]. A subsequent double- blind, 
placebo-controlled study on the effectiveness of VSL#3 (at a 
daily dose of 1.8 × 1012 CFU) in the maintenance of antibi-
otic-induced remission in patients with refractory or recur-
rent pouchitis reported similar results [59]. After 1 year of 
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treatment, 85 % of those in the VSL#3 group were in remis-
sion versus only 6 % of those in the placebo group. As 
regards the mechanism of action of VSL#3 in these patients, 
continuous administration of VSL#3 decreases matrix metal-
loproteinase activity, significantly increases tissue levels of 
IL-10, and significantly decreases tissue levels of the proin-
flammatory cytokines IL-1, tumor necrosis factor-α, and 
interferon γ [60].

In contrast, however, a more recent 8-month open-label 
clinical study reported that less than 20 % of patients treated 
with were able to maintain remission in clinical practice [61].

The reason for the difference in these results is not clear 
but differences in the design and protocol of the two studies 
may have contributed. Particularly, studies by Gionchetti 
and colleagues and Mimura and colleagues excluded patients 
who did not achieve complete or near-complete endoscopic 
remission whereas Shen et al. did not repeat the pouchos-
copy after clinical remission. It is known that some patients 

do not achieve endoscopic remission despite clinical remis-
sion following antibiotic treatment, and it is possible that this 
subset of patients have a more difficult to treat disease which 
may not respond to probiotics. Gionchetti’s and Mimura’s 
groups used a combination of ciprofloxacin and rifaximin or 
metronidazole for 4 weeks whereas Shen and colleagues 
used a 2-week course of ciprofloxacin only to induce remis-
sion. It is possible that probiotic therapy is more effective 
following a combination of two different antibiotic agents 
for a prolonged period. Gionchetti and colleagues’ and 
Mimura and colleagues’ studies recruited patients with 
refractory pouchitis, defined as three or more episodes  
of pouchitis per year, whereas Shen and colleagues only 
recruited patients with chronic antibiotic-dependent pouchitis, 
defined as four or more episodes of pouchitis per year. 
Therefore, many of the patients included in the studies of 

Gionchetti’s and Mimura’s groups had less-aggressive dis-
ease in which maintenance of remission may have been eas-
ier to achieve. Finally patients had to purchase VSL#3 which 
was obtained from the company’s website; VSL#3 is not 
covered by insurance and therefore patient’s adherence to 
therapy was a problem; moreover, because VSL#3 was self- 
administered by patients, medicine counts and prescription 
records were impossible. Further, fecal bacteriology, as in 
the previous study, was not done and this further raises the 
issue of adherence to therapy.

In a 3-month double-blind, placebo-controlled trial 
Lactobacillus rhamnosus strain GG (two gelatin capsules/
day of 0.5–1 × 1010 CFU/capsule) in patients with a previous 
history of pouchitis showed that this probiotic was not effec-
tive in preventing relapses [62].

Recently, probiotic treatment with Ecologic 825 was able 
to restore mucosal barrier during maintenance therapy after 
clinical remission was achieved with combined antibiotic 

treatment [63].
The efficacy of VSL#3 in the prevention of pouchitis 

onset was evaluated in a double-blind, placebo-controlled 
trial [64]. Within 1 week after ileostomy closure, 40 patients 
were randomized to receive either VSL#3 (0.9 × 1012 CFU) 
or placebo for 12 months. Patients were assessed clinically, 
endoscopically, and histologically at 1, 3, 6, 9, and 12 months 
according to PDAI score. During the first year after ileos-
tomy closure, patients treated with VSL#3 had a significantly 
lower incidence of acute pouchitis compared with those 
treated with placebo (10 % vs. 40 %; p < 0.05). Moreover, 
IBD questionnaire score was significantly improved only in 
the group treated with VSL#3 and among those who did not 
develop pouchitis, the median stool frequency was significantly 
lower in the VSL#3 group. More recently, an open- label 
study evaluated the efficacy of high-dose of VSL#3 

Table 46.5 Probiotics in pouchitis

Study N Duration Probiotic Control
Remission
Probiotic; Cont P

Gionchetti 2002
[Maintenance: 
antibiotic–remission]

40 9 months VSL#3 Placebo 85 %; 0 % <0.001

Mimura 2004
[Maintenance: 
antibiotic–remission]

36 12 months VSL#3 Placebo 85 %; 6 % <0.001

Gionchetti 2003
[Prevention of onset]

40 12 months VSL#3 Placebo 90 %; 60 % <0.05

Shen 2005
[Maintenance 
antibiotic-dependent]

31 8 months VSL#3 Open label 19.4 % ns

Kuisma 2003
[Acute pouchitis]

20 3 months Lactobacillus GG Placebo 0 %; 0 % ns

Gionchetti 2007
[Acute pouchitis]

29 4 weeks VSL#3 Open label 69 % P < 0.01
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(3.6 × 1012 CFU/day) in the treatment of mild pouchitis, 
defined as a score between 7 and 12 in the PDAI. Sixteen of 
29 patients (69 %) were in remission after 4 weeks [65].

The treatment and prevention of pouchitis has been sys-
tematically reviewed in 2010 by a Cochrane analysis [66] In 
the Cochrane systematic review VSL#3 was more effective 
than placebo in maintaining remission of chronic pouchitis 
in patients who achieved remission with antibiotics and 
VSL#3 was more effective than placebo for the prevention 
of pouchitis . European Crohn’s Colitis (ECCO) guidelines 
state that VSL#3 is effective in maintaining antibiotic- 
induced remission and in preventing pouchitis onset [67].

 Crohn’s Disease

Tables 46.6 and 46.7 summarize the results of clinical trials 
carried-out in CD. In a small pilot study, E. coli Nissle 1917 
was compared with placebo in the maintenance of steroid- 
induced remission of colonic CD [68]. Twelve patients 
were treated with E. coli Nissle 1917 and 11 were treated 
with placebo. At the end of the 12-week treatment period, 
relapse rates were 33 % in the E. coli group and 63 % in the 
placebo group; unfortunately, due the very small number of 
patients treated, this difference did not reach statistical 
 significance. In a small, comparative, 6-month, open-label 
study, 32 patients with CD in clinical remission were 
 randomized to receive either combination therapy with the 

yeast S. boulardii (1 g/day) plus mesalamine (2 g/day)  
or mesalamine (3 g/day). Relapse rates were 37.5 % and 
6.25 % respectively in the mesalamine monotherapy group 
and in the combination group [69]. In a 1-year, double-
blind, placebo-controlled trial, Lactobacillus. GG was not 
effective in the prevention of postoperative recurrence [70]. 
Similarly in a double-blind trial Lactobacillus GG was 
shown not be superior than placebo in prolonging remis-
sion in children with CD when given as an adjunct to stan-
dard therapy [71].

Two randomized double-blind, placebo-controlled study 
showed Lactobacillus johnsonii LA1 (4 × 109 cfu/day) was 
not superior to placebo to prevent endoscopic recurrence of 
CD [72, 73].

More recently, in a randomized, placebo-controlled trial, 
the effects of Saccharomyces boulardii in patients with CD 
who underwent remission after therapy with steroids or 
salicylates were evaluated. Patients were assigned to placebo 
or Saccharomyces boulardii (1 g/day) for 52 weeks. Relapse 
rate was not significantly different between the two groups 
(53.2 % in placebo vs 47.5 % in Saccharomyces boulardii), 
as was the time to relapse [74].

We performed a single-blind study to compare a sequen-
tial antibiotic–probiotic treatment with mesalazine in the 
prevention of postoperative recurrence of CD. Within 1 week 
after curative surgery, 40 patients were randomized to receive 
either high-dose rifaximin (a nonabsorbable wide-spectrum 
antibiotic) for 3 months followed by VSL#3 (1.8 × 1012 CFU/

Table 46.6 Probiotics in CD: maintenance of remission

Study N Duration Probiotic Control
Remission
Probiotic; Cont P

Malchow 1997 28 12 months E. coli Nissle 1917 Placebo 70 %; 30 % ns

Guslandi 2000 32 6 months S. boulardii 5ASA 62.5 %;93.75 % 0.04

Bousvaros 2005 75 24 months L. rhamnosus GG + standard 
therapy

Placebo + standard therapy 71 %; 83 % ns

Willert 2010 38 12 months VSL#3+ standard therapy Placebo + standard therapy 43 %; 11 % ns

Table 46.7 Probiotics in CD: prevention of postoperative recurrence

Study N Duration Probiotic Control
Remission
Probiotic; Cont P

Campieri 2000  40 12 months Rifaximin
× 3 months
followed by VSL#3

5ASA Endoscopic
80 %; 60 %

Benefit probiotic

Prantera 2002  45 12 months L. rhamnosus GG Placebo Clinical
83 %; 89 %
Endoscopic
40 %; 65 %

ns

Marteau 2006  98 6 months L. johnsonii LA1 Placebo Endoscopic
51 %; 36 %

ns

Van Gossum 2006  70 3 months L. johnsonii
LA1

Placebo Endoscopic
21 %; 15 %

ns

Fedorak 2015 119 90 days VSL#3 Placebo Endoscopic
10 %; 26.7 %

ns
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day) for 9 months, or mesalazine (4 g/day) for 12 months. 
Patients were assessed clinically and endoscopically at 3 and 
12 months. Compared with placebo, the combined antibi-
otic–probiotic treatment was associated with a significantly 
lower incidence of severe endoscopic recurrence, both at  
3 months (10 % vs. 40 %; p < 0.01) and 12 months (20 % vs. 
40 %; p < 0.01) [75].

More recently, VSL#3 at the dose of 1.8 × 1012 CFU/day, 
was shown not to be superior than placebo in maintaining 
remission in colonic CD, in a 12-month, randomized, double- 
blind trial [76].

Finally, the ability of VSL#3 to prevent CD recurrence 
after surgery, was tested in a multicenter, randomized, 
double- blind, placebo-controlled trial [77].

Patients were randomized, within 30 days after resection, 
to receive one sachet of VSL#3 (900 billion viable bacteria) 
(n = 59) or placebo (N = 60). Ileocolonoscopy was performed 
after 90 and 365 days; patients with either no or mild recur-
rence at day 90 received VSL#3 until day 365. There were no 
statistical differences in endoscopic recurrence at day 90. 
Patients receiving VSL#3 ha significantly reduced mucosal 
inflammatory cytokines levels compared with placebo. This 
together with the lower rate of recurrence among patients 
who received early VSL#3 (for all 365 days) suggest a 
 possible beneficial effect of this probiotic for prevention of 
postoperative CD.

 Prebiotics

Prebiotics are dietary substances, usually nondigestible car-
bohydrates, which beneficially affect the host by selectively 
stimulating the growth and activity of protective commensal 
enteric bacteria (Table 46.3) [78]. Fructo-oligosaccharides 
(FOS), inulin, bran, psyllium, and germinated barley food-
stuff (GBF) stimulate the growth of bifidobacteria and lacto-
bacilli, which in turn antagonize pathogenic bacteria by 
decreasing the luminal pH, inducing colonization resistance, 
and inhibiting epithelial adhesion and translocation. In addi-
tion, these substances increase bacterial fermentation, which 
produces SCFAs (especially butyrate) that improve epithe-
lial barrier function [79]. These findings suggest that prebiot-
ics are functionally equivalent to probiotic bacteria.

 Studies in Animal Models

A variety of different prebiotic preparations have been tested 
in animal models of colitis. Lactulose has been shown to 
attenuate inflammation and to stimulate the growth of lacto-
bacilli in IL-10 knockout mice [18], while administration of 
inulin and GBF has been shown to inhibit dextran sodium 

sulfate (DSS)-induced colitis in rats by increasing the lumi-
nal concentration of SCFAs, lactobacilli, and bifidobacteria 
[80, 81]. Experiments on FOS have produced conflicting 
results. Cherbut et al. reported that FOS attenuates the trini-
trobenzene sulfonic acid-induced colitis in rats [82], while 
Moreau et al. reported no benefit of FOS in the DSS rat 
model of colitis [83]. Furthermore, a combination of inulin 
and FOS significantly decreased inflammation in HLA-B27 
transgenic rats [84]. Taken together, these findings suggest 
that combination therapy with different prebiotics may be 
more effective than monotherapy, due to the fact that each 
agent has specific biological properties.

 Human IBD Studies

A few small, controlled studies have investigated the use of 
prebiotics in UC, whereas there have been no studies on pre-
biotics in CD or pouchitis. In a small group of UC patients in 
remission, psyllium (also known as ispaghula or Plantago 
ovata) was shown to be superior to placebo in decreasing 
symptom severity, and produced a significant increase in the 
fecal concentration of bifidobacteria [85]. In an open-label, 
randomized trial, Plantago ovata seeds, which have previ-
ously been shown to stimulate the production of SCFAs, 
were tested as a maintenance treatment in UC patients in 
remission [86]. In this 12-month study, 105 patients were 
randomized to receive either Plantago ovata seeds alone 
(10 g twice daily), mesalamine alone (500 mg three times 
daily), or a combination of Plantago ovata seeds plus 
 mesalamine at the same doses administered for monother-
apy. Rates of remission were similar for the three groups, 
and a significant increase in the fecal concentration of butyr-
ate was observed after Plantago ovata seed administration.

GBF is comprised of the glutamine- and hemicellulose- 
rich extracts of spent beer-brewing constituents. Use of this 
probiotic in patients with mild-to-moderate UC has been 
investigated in a small pilot study and a placebo-controlled 
trial [87, 88]. At a dose of 25–30 mg/day, GBF decreased 
clinical and endoscopic activity in these patients and signifi-
cantly increased fecal concentrations of bifidobacteria. Similar 
results were reported by a 24-week, open-label trial [89].

Lindsay et al. [90] performed a small, open-label study in 
10 patients with active ileo-colonic CD using a combination 
of 15 g/day of oligofructose and inulin (ratio 70:30 %). They 
found a significant reduction in disease activity, concomitant 
with a significant increase in mucosal bifidobacteria. 
Interestingly prebiotic treatment increased colonic dendritic 
cells expressing IL-10, Toll-like receptor (TLR)-2 and TLR- 
4, indicating that these prebiotics affected the innate mucosal 
immune response. In a small placebo-controlled study 
oligofructose- enriched inulin was administered as adjunctive 
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treatment to mesalazine 3 g/day for 2 weeks in mild to 
 moderate, active UC. This study showed a significant reduc-
tion of the fecal calprotectin in prebiotic treated patients 
compared to placebo [91].

 Antibiotics

 Animal Models

In several rodent models the use of broad-spectrum antibiot-
ics can both prevent onset and treat experimental colitis, 
whereas metronidazole and ciprofloxacin can only prevent 
experimental colitis but not reverse established disease [92–96]. 
Broad-spectrum antibiotics are effective in almost all models 
of acute and chronic colitis [96–99], and, however, have only 
a transient efficacy in HLA-B27 transgenic rats [100]. 
Interestingly ciprofloxacin and metronidazole had selective 
efficacy in different colonic region in IL-10 knockout mice, 
suggesting that different bacteria cause inflammation indif-
ferent colonic segments [98]. These studies suggest that 
most clinical forms of IBD may respond if a proper combi-
nation of broad-spectrum antibiotics is used.

 Ulcerative Colitis

Only few trials of antibacterial agents have been carried out 
in ulcerative colitis (UC) and results are controversial. Most 
clinicians have used antibiotics as adjuvant therapy in severe 
UC. Dickinson et al. have carried out a double-blind con-
trolled trial on the use of oral vancomycin as adjuvant ther-
apy in acute exacerbations of idiopathic colitis. No significant 
difference was found between the two treatment groups with 
only a trend towards a reduction in the need for surgery in 
patients treated with vancomycin [101].

Intravenous metronidazole, used as adjunctive treatment 
to corticosteroids, was similarly effective than placebo to 
induce remission in patients with severe UC [102].

In a double blind, placebo controlled trial in patients with 
acute relapse of UC, 84 patients were randomized to receive 
corticosteroids plus oral tobramycin or placebo. After 1 week 
of treatment, 74 % of patient in the tobramycin treatment 
group vs. 43 % in the placebo group (p < 0.003) achieved a 
complete symptomatic remission [103]. Subsequently the 
combination of tobramycin and metronidazole did not show 
any beneficial effect when associated to a standard steroid 
treatment in severely acute UC [104]. Ciprofloxacin has 
been tested in a randomized, placebo controlled study; 70 
patients with mild to moderate active UC were randomized 
to receive ciprofloxacin 250 mg b.i.d. or placebo for 14 days. 
At the end of the study, 70.5 % of patients in the ciprofloxa-
cin group vs 72 % in the placebo group achieved remission 

[105]. Similarly a short course of intravenous ciprofloxacin 
was not effective as adjunctive treatment to corticosteroids 
in severe UC in a prospective, randomized, double-blind, 
placebo-controlled trial [106]. Nevertheless, in a more recent 
randomized, placebo controlled trial, ciprofloxacin was 
administered for 6 months to patients with active UC poorly 
responding to conventional therapy with steroids and mesa-
lamine. At the end of the study, the treatment-failure rate was 
21 % in the ciprofloxacin- treated group and 44 % in the pla-
cebo group (p < 0.002). This difference was detected using 
clinical criteria; while endoscopic and histological findings 
showed differences only at 3 months but not at 6 months [107].

The nonabsorbable, broad-spectrum antibiotic, rifaximin 
was tested in a small controlled study to evaluate its efficacy 
and systemic absorption in patients with moderate to severe 
active UC refractory to steroid treatment. Twenty-eight 
patients were randomized to receive rifaximin 400 mg b.i.d. 
or placebo for 10 days as an adjunct to standard steroid treat-
ment. Although there was no significant difference in clinical 
efficacy between the two treatments, only rifaximin deter-
mined a significant improvement of stool frequency, rectal 
bleeding, and sigmoidoscopic score [108].

In a more recent systematic review of randomized con-
trolled trials, In active UC, there were nine RCTs with 662 
patients and there was a statistically significant benefit for 
antibiotics inducing remission. However, there was moder-
ate heterogeneity and antibiotics used were all different sin-
gle or combination drugs [109].

 Crohn’s Disease

There are several studies looking at the use of antibiotics as 
primary therapy for luminal CD. Unfortunately, the majority 
of these are observational, uncontrolled studies or lack 
 sufficient power to truly detect important differences. 
Metronidazole has been the mostly investigated agent. In 
1978, Blichfeldt et al. in a placebo-controlled, double-blind, 
crossover trial did not found difference between metronida-
zole and placebo-treated patients, but a positive trend in 
favor of metronidazole was observed when only the colon 
was involved [110]. In the National Cooperative Swedish 
study, metronidazole was compared to sulfasalazine as pri-
mary treatment for Crohn’s disease; no significant difference 
was found between the two group, but, interestingly, in the 
cross-over section of the study, metronidazole was effective 
in patients not responders to sulfasalazine [111]. Metroni-
dazole was used as single therapy or associated to cotrimox-
azole and compared to cotrimoxazole alone and placebo in 
patients with a symptomatic relapse of Crohn’s Disease. At 
the end of the 4 weeks of treatment there was no difference 
in response among the three groups [112]. In a Canadian ran-
domized, placebo-controlled trial, Sutherland et al. have 
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shown that treatment with metronidazole for 16 weeks 
 significantly decreased the Crohn’s Disease Activity Index 
(CDAI), but no difference was found in the rates of remis-
sion compared with placebo; benefit was dose- dependent 
with 20 mg/kg having a greater benefit than 10 mg/kg [113]. 
As in the case of the Swedish study, in the Canadian study 
metronidazole was effective for colonic and ileocolonic 
Crohn’s disease but not for ileitis. Metronidazole has impor-
tant side effects that include nausea, anorexia, dysgeusia, 
dyspepsia, and peripheral neuropathy that limit its use in 
approximately 20 % of patients. An antibiotic association 
was used in an Italian randomized controlled study in which 
metronidazole 250 mg four times daily plus ciprofloxacin 
500 mg twice daily were compared to a standard steroid 
treatment for 12 weeks. No differences were reported in the 
rates of remission between treatments (46 % with ciprofloxa-
cin plus metronidazole vs 63 % with methylprednisolone) 
suggesting that this antibiotic association could be an alter-
native to steroid treatment in acute phases of Crohn’s disease 
[114]. Combination of metronidazole and ciprofloxacin was 
associated with budesonide 9 mg/day in active Crohn’s dis-
ease; no difference was registered compared to placebo, but 
surprisingly the overall response in the two groups was lower 
than the previous studies on budesonide. Also in this study 
antibiotic treatment was more effective when the colon was 
involved than for isolated small bowel disease [115].

Ciprofloxacin 1 g/daily was compared to mesalamine 4 g/
daily in a controlled study in mild-to-moderate active CD. 
After 6 weeks an equivalence in efficacy was registered 
(remission observed in 56 % and 55 % of patients respec-
tively with ciprofloxacin and mesalamine), offering an alter-
native treatment in active CD [116]. In a small study 
ciprofloxacin was shown to be effective in association to 
standard treatment in patients with resistant disease [117]. 
Other antibiotics have been tested. Shafran et al. carried out 
an open-label study on the efficacy and safety of rifaximin 
600 mg/day for 16 weeks in the treatment of mild-to- 
moderate active CD. At the end of the study, 59 % of patients 
were in remission (CDAI < 150) with a significant reduction 
of the mean CDAI score compared to baseline (p < 0.0001) 
[118]. In an open-label trial, Leiper et al. reported an impres-
sive positive response (64 % patients improved or were in 
remission after 4 weeks) of clarithromycin in a group of 25 
patients with active Crohn’s disease, many of whom were 
unresponsive to other treatments [119]. As stated by 
European Crohn’s Colitis Organization (ECCO), at present, 
antibiotics are only considered appropriate for septic compli-
cations, symptoms attributable to bacterial overgrowth, or 
perineal disease. Antimycobacterial therapy cannot be rec-
ommended on the evidence from controlled trials [120].

Antibiotics have been also tested in prevention of postop-
erative recurrence. Metronidazole at the dose of 20 mg/kg/

day was compared with placebo in double-blind, controlled 
trial by Rutgeerts et al. [121]. Sixty patients were  randomized 
to receive metronidazole or placebo for 12 weeks. At the end 
of the treatment, endoscopic relapse was evaluated by 
Rutgeerts score. Metronidazole significantly decreased the 
incidence of severe endoscopic relapse (grade 3 or 4) in the 
neoterminal ileum 6 months after surgery and the clinical 
recurrence rates at 1 year, with a trend towards a protective 
effect after 3 years. More recently, the similar antibiotic orni-
dazole, used continuously for 1 year was significantly  
more effective than placebo in the prevention of severe 
endoscopic recurrence in the neoterminal ileum both at 3 and 
12 months [122].

Imidazole antibiotics, as suggested by the ECCO 
Consensus on CD management, may be a therapeutic option 
after ileocolic resection but are poorly tolerated [120].

Campieri et al. performed a randomized trial to evaluate 
the efficacy in the prevention of postoperative recurrence of 
rifaximin 1.8 g daily for 3 months followed by a probiotic 
preparation (VSL#3) 6 g daily for 9 months versus mesala-
mine 4 g daily for 12 months in 40 patients after curative 
resection for CD. After 3 months of treatment, rifaximin deter-
mined a significant lower incidence of severe endoscopic 
recurrence compared to mesalamine [2/20 (10 %) versus 8/20 
(40 %)]. This difference was maintained since the end of the 
study using probiotics [4/20 (20 %) versus 8/20 (40 %)] [75].

A lot of studies have tried to evaluate the efficacy of anti-
mycobacterial drugs in patients with CD, pursuing the pos-
sibility that a strain of Mycobacterium might be an etiological 
agent in CD. Borgaonkar et al. [123] evaluated all  randomized 
controlled trials in which antimycobacterial therapy was 
compared with placebo, suggesting the efficacy of antimyco-
bacterial therapy only as a maintenance treatment in patients 
who obtained remission after a combined treatment with 
 corticosteroids and antimycobacterial agents. However, the 
investigator emphasized the high incidence of side effects, 
and that, because of the small number of studies included in 
the meta-analysis, the data were not conclusive and should 
be taken with caution.

The same antibiotics used to treat luminal Crohn’s disease 
have been reported to be beneficial in the treatment of peri-
anal Crohn’s disease, but no controlled trial have been per-
formed [124]. Metronidazole 20 mg/kg has shown rates of 
fistulae closure from 62 % to 83 % [125, 126]. The combina-
tion of metronidazole and ciprofloxacin determined an 
improvement in 64 % of patients and fistulae closure in 21 % 
[127]. Unfortunately fistulae tend to recur in most patients 
after stopping treatment. Although the results of these uncon-
trolled studies are not conclusive, metronidazole, ciprofloxa-
cin, or their combination are used by most clinicians as 
first-line treatment in patients with perianal disease, in com-
bination with surgical drainage of abscesses.
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A systematic review of randomized controlled trials 
(RCTs) evaluating antibiotics in IBD was carried-out. 
Studies with any antibiotics alone or in combination using 
predefined definitions of remission and relapse were 
included. For active CD, there was a statistically significant 
effect of antibiotics being superior to placebo. In perianal 
CD there were three trials using either ciprofloxacin or met-
ronidazole and there was a statistically significant effect in 
reducing fistula drainage. For quiescent CD, there were 3 
RCTs with different antibiotics combinations (all including 
antimycobacterials) vs. placebo. There was a statistically 
significant effect in favor of antibiotics vs. placebo. There 
was moderate heterogeneity between results and a diverse 
number of antibiotics were tested either alone or in combina-
tion and therefore the data are difficult to interpret [109].

We, more recently, performed a multicenter, randomized, 
double-blind trial of the efficacy and safety of 400, 800, and 
1200 mg rifaximin—Extended Ileal Release (EIR), given 
twice daily to 402 patients with moderately active CD for 12 
weeks, compared with placebo [128].

At the end of the 12-week treatment period, 62 % of 
patients who received the 800-mg dosage of rifaximin-EIR 
(61 of 98) were in remission, compared with 43 % of patients 
who received placebo (P _ 0.005).

 Pouchitis

Treatment of pouchitis is largely empirical and only small 
placebo-controlled trials have been conducted. The awareness 
of the crucial importance that fecal stasis and the bacterial 
overgrowth may represent in the pathogenesis of acute pou-
chitis has led the clinicians to treat patients with antibiotics, 
which have become the mainstay of treatment, in absence of 
controlled trials. Table 46.8 summarizes results of trials car-
ried-out with antibiotics in pouchitis. Usually metronidazole 

and ciprofloxacin are the most common initial approaches, 
often resulting in a rapid response [129].

However, randomized trials of both metronidazole and 
ciprofloxacin are small. A double-blind, randomized, placebo-
controlled, crossover trial was carried out by Madden et al. 
to assess the efficacy of 400 mg three times a day of metro-
nidazole per os in 13 patients (11 completed both arms of the 
study) with chronic, unremitting pouchitis. Patients were 
treated for 2 weeks, and metronidazole was significantly 
more effective than placebo in reducing the stool frequency 
(73 % vs. 9 %), even without improvement of endoscopic 
appearance and histologic grade of activity. Some patients 
(55 %) experienced side effects of metronidazole including 
nausea, vomiting, abdominal discomfort, headache, skin 
rash, and metallic taste [130].

Metronidazole and ciprofloxacin have been compared in 
another small randomized trial [131]. Seven patients received 
ciprofloxacin 1 g/day and nine patients metronidazole 20 mg/
kg/day for a period of 2 weeks. Ciprofloxacin lowered the 
PDAI score from 10.1 ± 2.3 to 3.3 ± 1.7 (p = 0.0001), whereas 
metronidazole reduced the PDAI score from 9.7 ± 2.3 to 
5.8 ± 1.7 (p = 0.0002). There was a significantly greater ben-
efit with ciprofloxacin compared to metronidazole in terms 
of the total PDAI (p = 0.002), symptom score (p = 0.03) and 
endoscopic score (p = 0.03), as well as fewer adverse events 
(33 % of metronidazole-treated patients reported side-effects, 
but none on ciprofloxacin).

The treatment and prevention of pouchitis has been sys-
tematically reviewed in 2010 by a Cochrane analysis [66]. 
For the treatment of acute pouchitis (four RCTS, five agents) 
ciprofloxacin was more effective at inducing remission than 
metronidazole.

Patients with chronic, refractory pouchitis do not respond 
to conventional therapy and often have ongoing symptoms; 
this is a common cause of pouch failure. Combined antibi-
otic therapy may be effective [45]. Sixteen consecutive 

Table 46.8 Antibiotics in pouchitis

Study N Duration Antibiotic Control
Results
Antibiotic; Control

Madden 1994
[acute pouchitis]

11 1 week Metronidazole Placebo 79 %; 9 %
(reduction of stool frequency)

Gionchetti 1999
[chronic pouchitis]

18 2 weeks Rifaximin + ciprofloxacin Open label 88.8 % improvement or remission 
(total PDAI significant reduction)

Shen 2001
[acute pouchitis]

16 2 weeks Ciprofloxacin vs  
metronidazole

Double-blind Significant reduction in total 
PDAI in both groups

Mimura 2002
[chronic pouchitis]

44 4 weeks Ciprofloxacin + metronidazole Open label 82 % in complete remission
(total PDAI significant reduction)

Abdelrazeq 2005
[chronic pouchitis]

 8 2 weeks Rifaximin + ciprofloxacin Open label Seven of eight patients in 
complete remission
(total PDAI significant reduction)

Shen 2007
[chronic pouchitis]

16 4 weeks Tinidazole + ciprofloxacin Open label 87.5 % in complete remission
(total PDAI significant reduction)

PDAI Pouchitis Disease Activity Index
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patients with chronic, refractory pouchitis (disease >4 weeks 
and failure to respond to >4 weeks of single-antibiotic ther-
apy) were treated with ciprofloxacin 1 g/day and tinidazole 
15 mg/kg/day for 4 weeks [132]. A historic cohort of ten con-
secutive patients with chronic refractory pouchitis treated 
with high dose oral and topical mesalazine daily was used as 
a comparator. These treatment-refractory patients had a sig-
nificant reduction in the total PDAI score and a significant 
improvement in quality-of-life score (p < 0.002) when taking 
ciprofloxacin and tinidazole, compared to baseline. The rate 
of clinical remission in the antibiotic group was 87.5 % and 
for the mesalazine group was 50 %. In another study, 18 
patients refractory to metronidazole, ciprofloxacin or amoxi-
cillin/clavulanic acid for 4 weeks were treated orally with 
rifaximin 2 g/day (a nonabsorbable, broad-spectrum antibi-
otic) and ciprofloxacin 1 g/day for 15 days. Improvement 
was defined as a decrease of at least 3 points in the PDAI and 
remission as a PDAI score of 0. Sixteen out of 18 patients 
(88.8 %) either improved (n = 10) or went into remission 
(n = 6) [133]. Median PDAI scores before and after therapy 
were 11 (range 9–17) and 4 (range 0–16), respectively 
(p < 0.002). A British group observed similar benefit in just 8 
patients with chronic active refractory pouchitis using the 
same combination of antibiotics, for the same period, and the 
same definition of improvement and remission. Seven of the 
eight patients either went into remission (n = 5) or improved 
(n = 2). The median (range) PDAI scores before and after 
therapy were 12 (9–18) and 0 (0–15), respectively, (p = 0.018). 
All patients were compliant and no side effects were reported 
[134]. In another combination study, 44 patients with refrac-
tory pouchitis received metronidazole 800 mg–1 g/day  
and ciprofloxacin 1 g/day for 28 days [135]. Remission was 
defined as a combination of a PDAI clinical score of ≤2, 
endoscopic score of ≤1 and total score of ≤4. Forty four 
patients entered the trial and completed treatment. Thirty-six 
(82 %) went into remission. The median Pouchitis Disease 
Activity Index scores before and after therapy were 12 
(range, 8–17) and 3 (range, 1–10), respectively (p < 0.0001). 
The median Inflammatory Bowel Disease Questionnaire 
score also significantly improved from 96.5 (range, 74–183) 
to 175 (range, 76–215) with this therapy (p < 0.0001). The 
eight patients (five male, three female) who did not go into 
remission were significantly older (median 47.5 vs. 35 years; 
p < 0.007), had a longer history of pouchitis (95.5 vs. 26 
months; p < 0.0008), and tended to have a higher Pouchitis 
Disease Activity Index score before treatment (median 14.5 
vs. 12; p < 0.13) than those who went into remission.

 Conclusions

Many clinical and experimental observations indicate that 
the intestinal microflora are involved in the pathogenesis of 
IBD.

Probiotics may provide a simple and attractive way of 
preventing or treating IBD, and patients find the probiotic 
concept appealing because it is safe, nontoxic, and natural. 
VSL#3, a highly concentrated cocktail of probiotics has been 
shown to be effective in the prevention of pouchitis onset 
and relapses. Results on the use of this probiotic in UC are 
promising, both in terms of the prevention of relapses and 
the treatment of mild-to-moderate attacks. Results with pro-
biotics in CD are poor and there is the need of well-per-
formed studies.

It is important to select a well-characterized probiotic 
preparation, in view of the fact that the viability and survival 
of bacteria in many of the currently available preparations 
are unproven. It should be noted that the beneficial effect of 
one probiotic preparation does not imply efficacy of other 
preparations containing different bacterial strains, because 
each individual probiotic strain has unique biological 
properties.

Prebiotics are an exciting potential treatment for IBD 
patients. They offer a safe and cost-effective approach and 
may be considered for long-term treatment. However, exper-
imental evidence supporting the use of these nutraceuticals 
is still limited. We need to improve our knowledge on the 
composition of enteric flora or “the neglected organ” and on 
the intestinal physiology and its relationship with the lumi-
nal ecosystem.

The use of antibiotics in UC is not supported by the avail-
able studies, although large studies with broad-spectrum 
agents are required. Antibiotics have an essential role in treat-
ing the septic complications of Crohn’s disease, including 
intrabdominal and perianal abscesses and perianal fistulae.

There is evidence that ciprofloxacin, metronidazole, or 
their combination are effective in Crohn’s colitis and ileoco-
litis, but not in isolated ileal disease; however, use of anti-
biotics as primary therapy in Crohn’s disease is poorly 
documented, and large, controlled trials are needed for defin-
ing the optimal antibiotic regimens.

The use of antibiotics in pouchitis is largely justified 
although proper controlled trials have not been conducted.
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 Introduction

Inflammatory bowel disease (IBD) constitutes chronic dis-
eases that often require therapy with biologic agents, such as 
the anti-tumor-necrosis-factor-α antibodies (e.g., infliximab, 
adalimumab, golimumab), that target specific inflammatory 
and immune pathways. Initial clinical trials showed these 
biologic agents to be effective in inducing and maintaining 
remission for patients with both Crohn’s disease (CD) and 
ulcerative colitis (UC) [1–9]. As the original patents expire, 
pharmaceutical companies have developed biologic copies 
that have a similar biologic activity, physicochemical char-
acteristics, efficacy, and safety as the “original” (also termed 
“innovator” or “reference”) biologic agent of interest. These 
copies are known as “similar biotherapeutic products” by the 
World Health Organization (WHO) [10], “biosimilars” by 
the European Medicinal Agency (EMA) [11], “follow-on 
biologics” by the Federal Drug Agency (FDA) [12], and 
“subsequent entry biologics (SEB)” by Health Canada [13]. 
To date biosimilars have been used in the treatment of hema-
tologic, rheumatologic, and dermatologic diseases and 
includes biosimilars of human growth hormone, granulocyte 
colony-stimulating factor, erythropoietin. The concept of 
biosimilar therapy is new for IBD, and focuses on biosimilar 
monoclonal antibodies for IBD.

 What Is a Biosimilar?

Biosimilars are biologic agents developed to have similar 
biological properties in terms of safety and efficacy as a ref-
erence biologic product (often called the “originator” or 

“innovator” biologic) [10–14]. Biologics such as monoclo-
nal antibodies are structurally complex, may have several 
functional domains, and may have different pharmacokinetic 
and pharmacodynamics profiles, and different clinical effica-
cies in different patient populations. Biologics are large mol-
ecules that are produced in complex living systems, and thus 
any change to cells, processes, equipment, or facilities, can 
result in changes to the final product. Even innovator biolog-
ics are subject to “drift,” and over time the final biologic may 
be different than the innovator biologic [14]. Therefore, bio-
similars are distinct from generic compounds for small- 
molecule chemical drugs.

 Development of Biosimilars

The development of a novel biologic starts with preclinical 
studies on drug development including in vitro studies for 
analytical characterization; structural and functional assays; 
mechanistic studies; in vivo animal studies on pharmacoki-
netic and pharmacodynamics properties; in vivo animal stud-
ies on safety and immunogenicity [15]. However, in order for 
a novel biologic to be approved for clinical use, it must go 
through significant clinical testing for pharmacokinetics, clini-
cal efficacy, and clinical safety [15]. On the other hand, the 
development of a biosimilar requires extensive preclinical 
studies to establish the similarity between the biosimilar and 
the original biologic, and may not require intensive clinical 
assessment depending on the clinical indication and the gov-
erning bodies [15, 16]. This difference in approach (Table 47.1) 
has opened up many questions regarding the interchangeabil-
ity of biosimilars with their reference drug.

 Clinical Extrapolation of Biosimilars

Clinical extrapolation of data refers to using available data 
generated by clinical studies investigating the therapeutic 
use of one drug for one clinical indication to support the 
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therapeutic use of that drug for another clinical indication 
[17]. This may be appropriate in certain cases where the 
mechanism of action and target of the biosimilar and the 
original biologic are the same [17]. However, in the case of 
more complex biologics or in indications where the pharma-
cokinetics, pharmacodynamics, efficacy, and immunogenic-
ity may differ from the first indication, further studies may 
be required. Both the EMA [11] and FDA [12, 19, 20] require 
comparative clinical trials for pharmacokinetics and efficacy. 
The appropriateness of clinical extrapolation of biosimilars 
of innovator biologics used to treat inflammatory disorders 
such as rheumatoid arthritis and inflammatory bowel disease 
is still uncertain.

 Case: Biosimilar Infliximab, CT-P13 (Remsima; 
Inflectra)

CT-P13 was the first biosimilar infliximab developed, and is 
a mouse/human cell hybrid similar to the innovator inflix-
imab) [21]. CT-P13 was initially approved by the EMA in 
2013 for therapeutic indications including rheumatoid arthri-
tis, ankylosing spondylitis, Crohn’s disease, ulcerative coli-
tis, psoriatic arthritis, and psoriasis [21]. In vitro studies 
showed that CT-P13 and innovator infliximab have very 
similar binding affinities for TNF-α (soluble and transmem-
brane) and Fcγ receptors [22]. Pharmacokinetic and toxicity 
analyses in animal models showed similar pharmacokinetics 
and no concerns of toxicity with repeated dosing [23].

Two pivotal clinical studies for CT-P13 include 
PLANETRA (Program evaluating the autoimmune disease 
investigational drug cT-p13 in rheumatoid arthritis patients) 
and PLANETAS (Program evaluating the autoimmune dis-
ease investigational drug cT-p13 in ankylosing spondylitis 
patients) [24, 25]. PLANETRA was designed to compare the 
efficacy and safety of CT-P13 and innovator infliximab in 
active rheumatoid arthritis patients with inadequate response 

to methotrexate treatment [24]. In this phase 3, randomized, 
double blind parallel-group study, patients with active rheu-
matoid arthritis despite methotrexate were randomized to 
3 mg/kg CT-P13 (n = 302) or innovator infliximab (n = 304) 
with methotrexate and folic acid. CT-P13 demonstrated 
equivalent efficacy to innovator infliximab at week 30, with 
primary endpoint of ACR20 (American College of 
Rheumatology 20 %) response being reached in 60.9 % 
CT-P13 and 58.6 % innovator infliximab (95 % CI—6 % to 
10 %). Pharmacokinetic and pharmacodynamics endpoints 
were similar for each treatment group. Immunogenicity was 
similar with 25.4 % and 48.4 % of CT-P13, and 25.8 % and 
48.2 % of innovator infliximab treated patients having detect-
able antibodies to infliximab at weeks 14 and 30, respec-
tively. Similar proportions of patients in each group 
developed adverse events during treatment (60.1 % CT-P13 
and 60.8 % innovator infliximab patients).

PLANETAS was designed to demonstrate pharmacoki-
netic equivalence and efficacy and safety of CT-P13 com-
pared to innovator infliximab in active ankylosing spondylitis 
patients [25]. In this phase 1 randomized, double blind, 
parallel- group study, 250 ankylosing spondylitis patients 
were randomized to receive 5 mg/kg of CT-P13 (n = 125) or 
innovator infliximab (n = 125). The primary endpoints of 
area under the concentration-time curve at steady state, and 
observed maximum steady state serum concentration 
between weeks 22 and 30, were equivalent. CT-P13 and 
innovator infliximab had similar efficacy with ASAS20 
response achieved in 62.6 % and 70.5 % of CT-P13 and 
64.8 % and 72.4 % of innovator infliximab-treated patients at 
weeks 14 and 30, respectively. Immunogenicity was similar 
with 9.1 % and 27.4 % of CT-P13, and 11.0 % and 22.5 % of 
innovator infliximab patients having detectable antibodies to 
innovator infliximab at weeks 14 and 30, respectively. 
Similar proportions of patients in each group developed 
adverse events during treatment (64.8 % CT-P13 and 63.9 % 
innovator infliximab patients).

Table 47.1 Comparison in development of innovator biologics and biosimilars

Phase Subjects Development stage Innovator biologics Biosimilar

Preclinical In vitro Research and development ++ ++

Biochemical structure + +++

Biophysical characteristics + +++

In vitro function assays ++ +++

In vivo animal Pharmacokinetic and pharmacodynamic studies
(in vivo animal studies)

++ +++

Toxicology studies (in vivo animal studies) ++ +++

Immunogenicity ++ ++

Clinical Humans Pharmacokinetic and pharmacodynamic studies ++ +

Safety and toxicology studies +++ +

Clinical trials +++ +

Immunogenicity + +

References: [14–18]
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In two recent systematic review and meta-analysis reports, 
biosimilar infliximab was found to have similar clinical effi-
cacy and safety compared with other biologic agents (abata-
cept, adalimumab, certolizumab pegol, etanercept, 
golimumab, infliximab, rituximab, and tocilizumab) used to 
treat rheumatoid arthritis [26] and ankylosing spondylitis 
[27]. Although these studies would suggest that the use of 
CT-P13 can be extrapolated to IBD, several points of consid-
eration should be taken. First, the dose of infliximab used for 
treatment of IBD is higher than for other inflammatory con-
ditions; the PLANETRAS and PLANETRA studies also 
used different doses for the different rheumatologic condi-
tions [24, 25]. Second, the mechanism of action of an anti- 
TNF monoclonal antibody in the treatment of IBD is different 
than in the treatment of rheumatologic conditions. In IBD, 
antibody-dependent cell-mediated cytotoxicity (ADCC), 
which requires binding of the antigen through the Fab region 
and binding to Fcγ receptors on effector cells through the Fc 
region, is thought to play an important role [28–30]. In con-
trast, in conditions such as rheumatoid arthritis, it is thought 
that infliximab’s main role is through binding and neutraliza-
tion of TNFα [28–30]. Third, disease-specific patient popu-
lations may exhibit differences in immunogenicity, as it has 
been shown that patients with ankylosing spondylitis and 
rheumatoid arthritis show lower incidence of developing 
antidrug antibodies to infliximab than IBD patients [28–30].

In an attempt to directly compare biosimilar infliximab 
with innovator infliximab, a phase 3 double-blind compara-
tive effectiveness clinical trial comparing biosimilar inflix-
imab to innovator infliximab in patients with active 
rheumatoid arthritis, 189 patients with active rheumatoid 
arthritis on stable doses of oral methotrexate 10–20 mg/w 
were randomized 2:1 to receive either biosimilar infliximab 
or innovator infliximab 3 mg/kg IV induction, and then at 
week 22, responders to biosimilar infliximab were continued 
on treatment while responders to innovator infliximab were 
switched to biosimilar infliximab in an open label phase 
through week 46 [31]. Although still in abstract presentation, 
the investigators reported that responses after induction, and 
in the open label phase were similar in both treatment groups.

With respect to biosimilars for the treatment of IBD, Kang 
et al. [32] report a retrospective case series of eight CD and 
nine UC patients who were administrated CT-P13 from 
November 2012 to October 2013. There were three CD and 
five UC patients who received CT-P13 induction therapy, and 
at 8 weeks, two CD and all five UC patients achieved clinical 
response and remission. The CD patient who did not respond 
to CT-P13 had previously lost response to adalimumab. In a 
multicenter retrospective study, Jung et al. [33] reported on 
59 CD and 51 UC anti-TNF naïve patients who received 
CT-P13 followed up to 52 weeks. CD patients achieved a 
90.6 % (29/32) clinical response rate and 84.4 % (27/32) clini-
cal remission rate at week 8; and 87.5 % (7/8) and 75.0 % 
(6/8) at week 54, respectively. UC patients achieved slightly 

lower rates of clinical response 81.0 % (34/42) and clinical 
remission 38.1 % (16/42) at week 8; and 100 % (12/12) and 
50.0 % (6/12) at week 54, respectively. In a prospective case 
series of 16 CD and 15 UC patients who completed induction 
therapy with CT-P13, Farkas et al. reported that clinical 
response and remission was achieved in six (37.5 %) and 
eight (50 %) of CD patients, and in three (20 %) and ten 
(66.7 %) of UC patients at week 8; they reported mucosal 
healing in 11 patients [34]. A prospective, multicenter obser-
vational cohort study investigating the safety and efficacy of 
CT-P13 for the induction and maintenance of remission in 
CD (n = 126) and UC (n = 84) reported a significant decrease 
in CDAI and in pMAYO score at 2 and 6 weeks of treatment, 
with numeric decrease in mean CRP level in both CD and UC 
patients during induction therapy [35]. In a prospective obser-
vational single centre study in Norway, 46 CD and 32 UC 
patients who received induction otherapy with CT-P13 were 
followed. At week 14, 79% (34/43) of CD patients and 56% 
(18/32) of UC patients acheived clinical remission with sig-
nificant reductions in CRP and calprotectin at week 14 [36]. 
In contrast, in a descriptive study, Murphy et al. compared 14 
patients who started CT-P13 to 22 patients who started inno-
vator infliximab and examined rates of surgery, readmission, 
steroid use, disease activity, and CRP trends [37]. The inves-
tigators reported that 29 % of CT-P13 group required surgery 
vs. 0 % of innovator infliximab group (p = 0.02); 80 % of 
CT-P13 group required hospital readmission vs 5 % of inno-
vator infliximab group (p = 0.00004); 60 % of CT-P13 group 
required steroid escalation vs 8 % of innovator infliximab 
group (p = 0.0007); and 93 % of CT-P13 group had increase in 
CRP while 100 % of innovator infliximab group had decrease 
in CRP (p < 0.001). These conflicting preliminary studies sug-
gest that while CT-P13 has clinical efficacy and safety in 
induction and maintenance therapy for CD and UC further 
studies are required to fully clarify the efficacy of the biosimi-
lar in IBD.

 Interchangeability of Biosimilar 
and Innovator Biologics?

Since biosimilars are developed to have similar pharmacoki-
netics, pharmacodynamics, and efficacy as the innovator drug, 
they should ideally be interchangeable. Interchangeability is 
defined as substitution of the biosimilar for the innovator bio-
logic, or vice versa, in clinical practice [18, 38]. Few studies 
report on the interchangeability between CT-P13 and inno-
vator infliximab. In the rheumatoid arthritis randomized clin-
ical trial open label phase, at week 22, responders to 
biosimilar infliximab were continued on treatment while 
responders to innovator infliximab were switched to biosimilar 
infliximab; Kay et al. reported that rheumatoid arthritis treat-
ment response rates and adverse event rates were similar in 

both treatment groups [31].
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In the IBD series reported by Kang et al. there were five 
CD and four UC patients who were in maintenance therapy 
with innovator infliximab and interchanged with CT-P13; 
one UC discontinued CT-P13 due to arthralgia; one patient 
lost response [32]. In the retrospective study reported by 
Jung et al., 25 of 27 (92.6 %) CD patients who had switched 
from innovator infliximab to CT-P13 (for financial reasons) 
had similar efficacy although two discontinued CT-P13 due 
to lack of efficacy [33]. One patient subsequently switched to 
adalimumab with good response. The other switched back to 
innovator infliximab, but required high dose steroid and dou-
ble dose innovator infliximab to achieve complete remission. 
Of nine UC patients who had switched from innovator inflix-
imab to CT-P13, 6 (66.7 %) maintained similar efficacy com-
pared with innovator infliximab; one discontinued CT-P13 
due to lack of efficacy and was switched to adalimumab, and 
one discontinued CT-P13 due to adverse event. Jarzebicka 
et al. reported data on 32 pediatric CD patients and 7 paedi-
atric UC patients who were switched from innovator inflix-
imab to CT-P13 [39]. Mean PCDAI dropped to 6.6 (5; 0–30) 
at the last innovator infliximab infusion, and remained at 5.6 
(3.8; 0–30) at the second CT-P13 infusion. Mean PUCAI 
dropped to 5 (0–9 months) and remained at 11 (0, 0–40) 
after the second CT-P13 infusion. At the end of the follow up 
period, 20/32 of the CD patients (63%) remained on mainte-
nance remission therapy, but 5/20 required shorter intervals 
of infusions. The remaining 12 patients stopped treatment (2 
lost therapeutic response, 1 had allergic reaction, 1 devel-
oped dermatitis and switched to adaliumab, 5 finished ther-
apy due to finances). Only 4/7 (57%) of the UC patients 
continued biosimilar at follow up. Of the 3/7 who stopped 
treatment, 1 had allergic reaction, 1 developed varicella zos-
ter infection, 1 required shorten interval and was switched to 
adalimumab after loss of response. These case series suggest 
that CT-P13 may potentially be interchangeable with innova-
tor infliximab without loss of clinical efficacy or increase in 
adverse events. Currently, Norway is conducting a NOR- 
SWITCH study to investigate, in an adequately powered 
clinical trial, the efficacy and safety of switching from inno-
vator infliximab to biosimilar infliximab in patients with 
rheumatoid arthritis, spondyloarthritis, psoriatic arthritis, 
CD, UC, and chronic plaque psoriasis [40].

 Interchangeability: Is Immunogenicity 
a Concern?

Regarding interchangeability, there is a concern for immuno-
genicity and cross-immunogenicity since these are biologic 
proteins. In the rheumatoid arthritis randomized clinical 
trial, Kay et al. measured antibody responses to infliximab 
using sensitive ELISA, and reported that by week 58, similar 
proportions of patients in each treatment group had devel-

oped antidrug antibodies (53.5 % of biosimilar infliximab, 

and 56.5 % of innovator infliximab group) [31]. Specific to 
IBD patients, Ben-Horin et al. tested the sera of patients with 
IBD with or without measurable anti-Remicade antibodies to 
infliximab for cross-reactivity to two batches of CT-P13 
[41]. The sera from all 69 patients who were positive for 
anti-Remicade® antibodies to infliximab were cross-reactive 
with CT-P13. Anti-Remicade® antibodies to infliximab neu-
tralized the TNF-α binding capacity of both Remicade® and 
CT-P13. Findings from these studies emphasize the need for 
awareness of the potential for generation of antidrug anti-
bodies and cross-reactivity through interchanging biosimilar 
and original biologic agents.

 Why Bother with Biosimilars?

Innovator biologics have been efficacious, but costly, for the 
management of IBD. Biosimilars were developed with the 
intent to be less costly. In a budget impact analysis of CT-P13 
for the treatment of rheumatoid arthritis in six Central and 
Eastern European countries, Brodsky et al. compared a refer-
ence scenario using no biosimilar with scenario 1 where 
interchanging biosimilar infliximab and innovator infliximab 
was not allowed, and scenario 2 where interchanging bio-
similar and innovator infliximab was allowed [42]. They 
reported that over a 3 year time period, scenario 1 and 
scenario 2 resulted in net savings of euro 15.3M and euro 
20.8M, respectively, compared to not using a biosimilar.  
A similar budget impact analyses of biosimilar infliximab 
(Remsima(R)) for the treatment of autoimmune diseases 
(rheumatoid arthritis, ankylosing spondylitis, Crohn’s dis-
eas, ulcerative colitis, psoriasis, and psoriatic arthritis) in five 
European Countries, showed similar drug cost-related sav-
ings, reporting a cumulative cost savings of €25.79 million 
(10% discount) to €77.37 milliion (30% discount) [43]. An 
important concept to note is that the economics of biosimi-
lars will differ according to the country of interest, and the 
particular pharmaceutical and health care systems of interest 
[44]. Currently, there are no IBD specific economic analyses 
of biosimilar versus innovator biologics.

 Current Guidelines and Recommendations

As biosimilars are widely used in many chronic diseases, 
several international governing bodies have developed guide-
lines for development of these agents and clinical use. As 
shown in Table 47.2, governing bodies’ requirements for 
approval of the biosimilar agent and extrapolation to differ-
ent clinical indications differ depending on the biologic, the 
clinical indication, and the governing agency [10–13]. 
Independent of government bodies, clinical practicing gas-
troenterologists across the world are hesitant to adopt clini-

cal extrapolation and interchangeability of biosimilars to the 
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Table 47.2 International regulatory authorities definitions and requirements for approval of biosimilar biologics

Governing body Name of biosimilar Definition Requirement for approval/licensing

World Health 
Organization  
(WHO) [10]

Similar bio-therapeutic 
products

A biotherapeutic product that is 
similar in terms of quality, safety 
and efficacy to an already licensed 
reference biotherapeutic product

– Demonstration of structural sameness and 
bioequivalence of the generic medicine to the 
reference product

– Comparative quality, nonclinical and clinical 
studies demonstrating similarity to the reference 
product

European Medicinal 
Agency (EMA) [11]

Biosimilars A biological medicine that is similar 
to another biologic medicine that 
has already been authorized for use

– Similar to the reference medicine
– Does not have any meaningful differences from 

the reference medicine in terms of quality, 
safety, or efficacy

Federal Drug Agency 
(FDA) [12]

Follow-on biologics or 
Biosimilar

A biologic product that is approved 
based on a showing that it is highly 
similar to an FDA-approved 
biologic product, known as a 
reference product, and has no 
clinically meaningful differences in 
terms of safety and effectiveness 
from the reference product

– Analytical studies that demonstrate similarity to 
the reference product

– Animal studies (including toxicity assessment)
– Clinical study or studies (including assessment 

of immunogenicity and pharmacokinetics or 
pharmacodynamics) that demonstrate safety, 
purity, and potency in one or more appropriate 
conditions of use for which the reference 
product is licensed and intended to be used and 
for which licensure is sought for the biologic 
product

Health Canada [13] Subsequent Entry 
Biologics

A biologic drug that enters the 
market subsequent to a version 
previously authorized in Canada, 
and with demonstrated similarity to 
a reference biologic drug

– Suitable reference biologic drug exists that was 
originally authorized for sale based on a 
complete data package and has significant safety 
and efficacy data accumulated

– SEB can be well characterized by modern 
analytical methods

– SEB can be judged similar to reference biologic 
drug using predetermined criteria

management of IBD based on rheumatological trials and 
case series of IBD [45].

A summary of international gastroenterology IBD profes-
sional societies clinical practice guidelines and statements 
is outlined in Table 47.3 [46–51]. The CAG (2013) position 
statement on biosimilars is that the subsequent entry biologic 
should be regarded as stand-alone products, and not inter-
changed with innovator biologics [48]. The ECCO (2013) 
position statement on biosimilars suggests that more rigor-
ous testing in patients with IBD, with comparison to the 
appropriate innovator product, is required [50]. The Italian 
Group for the Study of IBD (IG-IBD) recommends that the 
biosimilar’s efficacy and safety for IBD be obtained prior to 
marketing [49]. The international guidelines recommend 
caution with substitution of biosimilars with innovator bio-
logics, and support the need for further clinical trials investi-
gating the efficacy and safety of biosimilars for the 
management of IBD [46–51].

 Conclusion

Inflammatory bowel disease is challenging to treat, and 
although effective for induction and maintenance of remis-
sion, the currently used biologic medications are expensive 
to the health care system and payer. With the development of 
biosimilar products that are proposed to have similar efficacy 
and side effect profile, but at lower costs to the system, health 
care authorities will pursue these alternatives. Clinicians, 
therefore, need to be fully aware of the issues relating to 
extrapolation and interchangeability of innovator and bio-
similar products. Until there is complete clarity on the role of 
biosimilars in the treatment of patients with IBD medical 
practitioners will need to be vigilant relative to efficacy, loss 
of response, and adverse events. Finally, the long-term cost- 
effectiveness of biosimilars in the management of IBD 
remains to be determined.

47 Biosimilars in the Treatment of Inflammatory Bowel Disease



476

Table 47.3 International gastroenterology and IBD professional societies clinical practice guidelines and statements

Clinical practice group Name of biosimilar

Summary of clinically relevant statements/
recommendations (for full list of statements/
recommendations, please refer to referenced articles)

Brazilian Federation of 
Gastroenterology and Brazilian 
Study Group on Inflammatory Bowel 
Disease [46]

Biosimilar (1) “Specialists-12 do not allow automatic substitution 
because it takes place without medical consent”

(2) “Scientifically grounded proof that a given biosimilar 
drug is safe and effective against the disease that is the 
target of extrapolation”

(3) “The pharmacovigilance of biosimilar products should 
be mandatorily as rigorous as the pharmacovigilance of 
innovator biologic products”

British Society of Gastroenterology 
[47]

Biosimilar (1) “For patients already on therapy, avoidance of switching 
from parent drug to biosimilar, or vice versa, at least 
until we have safety data”

(2) “Discussion with patients about the choice of anti-TNF”

Canadian Association of 
Gastroenterology (CAG) [48]

Subsequent entry biologics 
(SEBs)

(1) “SEBs represent a potentially effective and cost saving 
option for the management of IBD that may serve to 
enhance access to biologic therapy”

(2) “SEBs should be regarded as stand-alone products, and 
should be supported by well-designed nonclinical and 
clinical studies in a population relevant to Canadian 
patients”

(3) “SEBs cannot be regarded as interchangeable with the 
RBD”

(4) “Prescriptions for RBDs should not be automatically 
substituted for less expensive SEBs by dispensing 
pharmacies”

(5) “SEBs should be supported by long-term 
pharmacovigilance data in a fashion similar to RBDs”

(6) “Companies bringing SEBs to the Canadian market 
should be committed to improving patient care by 
acquiring new scientific data beyond that which is 
required as a minimum to satisfy regulatory authorities 
and their commercial imperatives”

European Crohn’s Colitis 
Organization (ECCO) [45]

Biosimilar (1) “Specific evidence obtained in patients with IBD should 
be required to establish efficacy and safety for this 
specific indication, because experience with currently 
licensed biological medicines has already shown that 
clinical efficacy in IBD cannot be predicted by 
effectiveness in other indications, such as rheumatoid 
arthritis”

(2) “Clinical trials should be of large enough size to detect 
common adverse events and powered to show 
equivalence with a reference biological agent, or 
conventional superiority”

(3) “Post-marketing collection of data in both children and 
adults is necessary to confirm safety by recording less 
common but important potential adverse effects, as well 
as identifying any increase in frequency of predictable 
adverse events contingent on wider access to treatment”

(4) “Names of biosimilars need clearly to differ from their 
reference biological medicine in order to facilitate the 
collection of data on safety and efficacy, which would 
be impossible if confusion between names will occur”

(5) “Any decision to substitute a product should only be 
made with the prescribing health care provider’s specific 
approval and patient’s knowledge”

(continued)
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Table 47.3 (continued)

Clinical practice group Name of biosimilar

Summary of clinically relevant statements/
recommendations (for full list of statements/
recommendations, please refer to referenced articles)

Italian Group for the Study of IBD 
(IG-IBD) [49]

Biosimilar (1) “Two biosimilars that target the same molecule can be 
considered equivalent in terms of efficacy and safety 
only when such equivalence has been demonstrated in 
preclinical and clinical trials”

(2) “Adequately powered post marketing clinical trials 
should be conducted to show/confirm the clinical 
equivalence of the two agents and to identify  
similarities and potential differences in their adverse 
event profiles”

(3) “A biosimilar agent with proven efficacy and safety for 
one indication is not necessarily effective and safe for 
other indications”

(4) “When the reference drug is used to treat IBD, evidence 
of the biosimilars efficacy and safety in this specific 
setting be obtained prior to marketing”

(5) “Due consideration should be given to the markedly 
heterogeneous clinical presentation and course of these 
diseases (IBD) and to the current absence of specific, 
clear-cut biomarkers that can be used to predict IBD 
patients’ responsiveness to these agents and to monitor 
their short-term efficacy”

(6) “The regulatory rules and economic assumptions used 
for generic chemical medicines cannot be applied to 
biosimilars”

(7) “An IBD patient being effectively controlled with an 
original biopharmaceutical should not be switched to a 
drug claimed to be that drug’s biosimilar until 
preliminary data supporting such changes have been 
reported”

(8) “IG-IBD favors the use of biosimilar agents, provided 
that they meet appropriate quality standards, and that 
their safety and efficacy has been specifically verified in 
IBD patients”

(9) “For biosimilars approved for the use in IBD, post 
marketing data specifically related to the biosimilar  
drug (as opposed to its reference product) must be 
acquired to: (a) detect less common but potentially 
harmful adverse effects, particularly those associated 
with long-term use; (b) monitor the actually frequency 
of expected adverse events”

Spanish Society of Gastroenterology 
y

Biosimilar (1) “In order to obtain a given indication a biosimilar 
should be tested in a clinical trial specifically designed 
to that end”

(2) “Substituting a biosimilar for the original drug cannot 
be an accepted practice”

(3) “The appropriate use of biosimilar drugs requires 
interaction by physicians, pharmacists, and regulatory 
agencies with the aim of favoring the right to  
health of patients by offering quality, effective,  
and safe products”
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 Introduction

Therapy for patients suffering from Crohn’s disease (CD) has 
evolved considerably over the last several years. Through bet-
ter understanding of the evolution of CD, a robust set of tools 
for diagnosis, and new insights and data to suggest a more 
personalized treatment plan based on severity of disease, clini-
cians are better able to target specific treatment goals. Until 
the 1990s, treatment was focused on acute flares and symptom 
control. Current therapeutic aims include: (1) achievement 
and maintenance of clinical remission, (2) minimization of 
toxicities and complications, (3) improvement in quality of 
life, (4) diminution of surgeries and hospitalizations [1–6], 
and more recently (5) attainment of mucosal healing [6–11].

Traditionally, therapy for all patients with CD revolved 
around a “step up” approach. Medication regimens with lower 
risks of toxicity were used early with subsequent  therapies 
added for lack of response. This means that 5- aminosalicylic 
acids (5-ASA) and corticosteroids were attempted, and once 
unsuccessful, immunosuppressants and anti-tumor necrosis 
factor (anti-TNF) agents were introduced in a step-wise fash-
ion. However, each agent has its downfall from poor efficacy 
with 5-ASA compounds [2] to poor long-term efficacy and 
side effects with steroids [12–14] and even slow onset of action 
with thiopurines [15–17]. Overall, despite this eclectic arma-
mentarium, none of these agents have proven to change the 
natural course of the disease [18–20].

Indirect and direct evidence exists to support early aggres-
sive therapy [21, 22] in which biologics are initiated imme-
diately after diagnosis as first-line therapy for a select patient 

population. This chapter focuses on the evidence behind 
early aggressive therapy in selected patients, the “Window 
of Opportunity” present during the first years after initial 
diagnosis, safety measures and monitoring that should be 
taken to prevent (serious) adverse effects, cost-effectiveness 
of top-down therapy and finally, possible de-escalation ther-
apy once deep remission is achieved.

 Top-Down Therapy: Presenting the Data

The association between anti-TNF use and higher rates of 
mucosal healing indirectly suggest the benefits of early 
aggressive therapy. As seen in the EXTEND trial, a random-
ized, double-blind, placebo-controlled trial, 135 adults with 
moderate to severe ileocolonic CD were randomized to 
adalimumab or placebo as maintenance after initial induc-
tion therapy. At week 52, rates of mucosal healing were 24 % 
in the adalimumab group as compared to 0 % in the placebo 
group (P < .001) [23]. Higher rates of mucosal healing with 
early anti-TNF therapy has been supported by a number of 
other trials [5, 24, 25].

Additionally, shorter durations of disease from time of 
initial diagnosis to initiation of anti-TNF agents have dem-
onstrated increased efficacy and improved treatment out-
comes in patients with moderate to severe CD. Subanalyses 
of the CHARM (Crohn’s trial of the fully Human antibody 
Adalimumab for Remission Maintenance; maintenance ther-
apy with ADA) trial showed higher clinical remission rates 
with adalimumab at 52 weeks among patients with shorter 
disease duration. Patients with disease duration of <2 years 
had remission rates of 43 % whereas those with disease dura-
tion of ≥5 years, remission rates were 28 % (P < 0.001) [26]. 
Similarly, in PRECiSE 2 (Pegylated antibody fRagment 
Evaluation in Crohn’s disease Safety and Efficacy; mainte-
nance therapy with certolizumab) subanalysis, response  
and remission rates with certolizumab pegol at week 26 
(CDAI ≤ 150) for patients with disease duration of <1 year 
were 89 % and 68 %, respectively. In comparison, for those 
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with disease duration of >5 years, response and remission 
rates were 57 % and 44 %, respectively [27]. These data sug-
gest a window of opportunity in which early aggressive ther-
apy may have the most impact.

One of the earliest studies to pose a paradigm shift from tra-
ditional to early aggressive therapy was a prospective placebo- 
controlled multicenter trial by Markowitz et al. in which 
pediatric patients with moderate to severe CD received either 
combination 6-mercaptopurine (6-MP) and prednisone or pred-
nisone alone. There was a significantly shorter duration of use 
and lower cumulative dose of steroids in the 6-MP group. Only 
9 % of the 6-MP group relapsed compared with 47 % of the pla-
cebo group [28]. While, currently early aggressive therapy is 
now considered primarily with biologic agents, Markowitz and 
colleagues were amongst the first to demonstrate a more aggres-
sive approach as part of the initial treatment regimen.

Two randomized controlled trials directly examine the rela-
tionship between early aggressive and traditional treatment 
methodologies. The “Step-Up vs. Top-down” study demon-
strated improved clinical outcomes. The “top-down” arm 
received combination anti-TNF and thiopurine induction ther-
apy. If disease flared, they were given additional doses of inf-
liximab and steroids. In comparison, the “step- up” group 
started with intravenous steroids followed by  azathioprine and 
infliximab if necessary. While improved outcomes at weeks 26 
and 52 were seen with the “top-down” group, this early study 
did not use a regularly scheduled maintenance infliximab as 
standard of care [10, 22]. In the SONIC trial, Colombel and 
colleagues studied patients with moderate to severe CD, naïve 
to immunomodulator or biologic use. Those that were treated 
with infliximab plus azathioprine or infliximab monotherapy 
were more likely to achieve steroid-free clinical remission than 
those treated with azathioprine monotherapy [29].

More recently, an analysis of claims data also found early 
aggressive therapy to be superior. Patients in the “Early- 
TNF” group, defined as those that initiated anti-TNF therapy 
within 30 days of the first prescription for CD, had lower 
rates of steroid use and CD-related surgeries and more stable 
dosing of their anti-TNF therapy [30].

Overall, data in the medical literature supports the use of 
early aggressive therapeutic regimens. Early intensive treat-
ment with combination anti-TNF and thiopurine should be 
considered in all high-risk patients. More data on newer anti- 
TNF agents are needed.

 Window of Opportunity in CD

CD is a chronic, disabling lifelong condition. Since CD is 
characterized by progression of inflammatory disease to a 
more complicated stricturing, penetrating and fibrotic dis-
ease, early and late stages of disease should be distinguished 
[31]. Fibrostenosis and perforation is not associated with 
early CD; rather patients with recently diagnosed CD tend to 

have purely inflammatory lesions (Fig. 48.1). Repeated epi-
sodes of inflammation with subsequent wound healing caus-
ing  stricture formation, obstruction and eventual penetrating 
complications are thought to be the cause of intestinal fibro-
sis. When the disease evolves, the number of complications 
increases and many patients will develop strictures or fistu-
lae. In this stage, complications caused by tissue remodeling 
and fibrosis following long-standing disease are irreversible 
and difficult to treat with the anti-inflammatory agents. 
Often, surgery cannot be avoided at this stage.

The progression from early to late disease is accompanied 
by a change in mucosal cytokine profiles. Early CD is char-
acterized by a pronounced Th1 response, whereas in late dis-
ease Th2 cytokines are predominating [32]. The concept that 
mucosal T cell regulation is different in early and late dis-
ease, suggests that patients with late disease respond differ-
ent to therapies.

The progression from early to complicated late disease 
course has also been reported in rheumatoid arthritis (RA) 
[33, 34]. In RA patients, therapy is aimed at preventing late 
disease when complications and bone destruction are irre-
versible. In this light, intervening in an early stage of the 
disease has proven to be very effective and superior to treat-
ment in a late disease stage [34–37].

Indeed, superior therapy efficacy is observed in patients 
with newly diagnosed CD as compared to patients with lon-
ger disease durations [29, 38, 39], suggesting that there is a 
“Window of Opportunity,” a particular timeframe in which 
therapy is most effective (Fig. 48.2). Intervention on early 
stage disease to prevent progression to a complicated pheno-
type is essential to the control of symptoms, induction of 
mucosal healing and induction and maintenance of clinical 
and endoscopic remission.

 Selecting the Right Patient

Top down therapy is particularly important for patients who 
are likely to develop a complicated, disabling disease course. 
While varying definitions exist for “complicated” and 

Fig. 48.1 Inflammation (left panel) and fibrostenosis (right panel)
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 “disabling,” studies more often use evidence of bowel 
 damage including strictures, fistulas and abscesses, need for 
hospitalization, immunomodulators, or surgery within the 
first 5 years of diagnosis [40, 41]. Several studies have iden-
tified risk factors that predict progression to disabling dis-
ease (Fig. 48.3). Beaugerie and colleagues examined the 
natural history of over 1100 patients with CD over at least 5 
years and identified young age at diagnosis (≤40 years) (OR 
2.1), presence of perianal disease at diagnosis (OR 1.6), 
stricturing disease, and an initial need for corticosteroids 
(OR 3.1) as predictive factors for progression to disabling 
disease. When two of these factors were present at diagnosis, 
84 % of patients developed disabling disease within 5 years; 
with three factors, percentage of patients with disabling 

 disease increased to 91 % [40]. Other studies have corrobo-
rated perianal disease, stricturing behavior, and need for ste-
roids [41, 42] and have also suggested ileal or ileocolonic 
location as independent risk factors for surgery (P < .001) 
[31, 42, 43]. Active smoking has been associated with 
increased risk surgeries and disease complications [44–46].

While predominantly retrospective, data on serologic bio-
markers has expanded, particularly regarding biomarkers as 
potential predictors of CD natural history. Positive anti- 
Saccharomyces cerevisiae antibody (ASCA) status has been 
associated with early surgery [47], ileal disease [48], and 
more severe clinical outcome [49] and might therefore be a 
useful marker in the selection of patients. Both anti-I2 
(P < 0.003) and anti-outer membrane protein C (anti-OmpC) 
(P < 0.0006) were associated with internal penetrating and/or 
stricturing disease (IP/S) [50]. Additionally, the presence of all 
four immune responses to ASCA, anti-OmpC, anti-I2, and 
anti-CBir1 flagellin (anti-CBir1) yielded the highest odds of 
developing penetrating or stricturing complications and need 
for intestinal surgery in pediatric patients (OR (95 % CI): 11 
(1.5–80.4); P = 0.03) [50]. In another study, a well-defined cor-
relation was found between triple positive status for ASCA, 
anti-OmpC as well as anti-I2 and small bowel surgery [51]. 
Newer markers have been evaluated including antibodies 
against carbohydrate epitopes [52]. In Reider et al.’s study, 
positivities for ASCA, anti- mannobioside IgG (AMCA), anti-
chitobioside IgG (ACCA), and anti- laminarin IgA (anti-L) 
were each independently and cumulatively associated with 
shorter time to disease complications and need for surgery [53].

Data, while lacking, also suggests that genetic predictors 
exist. Most data have identified mutations to NOD2 locus. 
The presence of at least 1 NOD2 variant conferred a pooled 
relative risk for the presence of strictures or fistulas of 1.17 
(95 % CI: 1.10–1.24) [54] and was associated with a higher 
risk of surgery [54–58]. Further studies evaluating the influ-
ence of genetics on disease phenotype are needed.

 Safety Measures of Early Aggressive Therapy

An important issue related to early intensive treatment is the 
safety of long-term use of biologics and immunomodulators. 
Patients are exposed to potentially toxic agents, and therefore 
appropriate safety measures should be undertaken before 
immunomodulators and biologics are initiated (Fig. 48.4). 
Safety measures are aimed at prevention of infections and 
awareness of several rare complications.

Patients treated with immunomodulators have an 
increased risk for influenza infections, pneumococcal infec-
tions, and Salmonella supp. infections. Therefore, influenza 
vaccination, pneumococcal vaccination, and appropriate 
food hygiene (avoiding raw eggs, unpasteurized milk, raw 
meat) is recommended [59].
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Fig. 48.2 Window of opportunity. Adopted from Cosnes et al. Inflamm 
Bowel Dis. 2002

Fig. 48.3 Predictive factors at diagnosis for selection of high-risk 
patients

48 Step-Up vs. Top-Down Approach in Crohn’s Disease



484

Screening for cytomegalovirus (CMV) and herpes 
 simplex virus (HSV) before starting immunomodulator ther-
apy is not recommended. Latent subclinical CMV infection 
is not a contraindication for starting immunomodulators. 
However, CMV colitis should be excluded in refractory IBD 
cases and in case of systemic CMV, immunomodulator ther-
apy should be discontinued. In contrast, given its relation-
ship to lymphoproliferative disease during immunomodulator 
therapy, Epstein–Barr virus (EBV) screening and antiviral 
therapy should be considered. In cases of severe EBV infec-
tion, immunomodulator therapy should be discontinued. 
Regular cervical cancer screening and human papilloma 
virus vaccination are highly recommended for women with 
IBD, especially if treated with immunomodulators [59].

Also, reactivation of latent hepatitis B (HBV) is consid-
ered a serious risk, and therefore all patients with inflamma-
tory bowel disease (IBD) should be tested to exclude 
HBV. Patients with active chronic HBV infection should be 
treated according to standard antiviral therapy. Nucleoside/
nucleotide analogs are preferred since interferon therapy 
might exacerbate the colitis. Seronegative patients should 
receive HBV vaccination. Patients might need a higher dose 
of immunizing antigen since vaccination efficacy is affected 
by number of immunomodulators [59].

Anti-TNF use is associated with an approximately 21-fold 
increased risk of tuberculosis (TB) without appropriate 
safety measures [60] (Fig. 48.5). TB incidence has decreased 
with suitable safety measures. Approximately 78% of TB 
cases present during the first 3 months of treatment and have 
an atypical presentation, which makes the diagnosis more 
complicated [61]. For that reason, guidelines advise to assess 
the risk of TB at the time of diagnosis and before starting 
treatment with an anti-TNF agent, including patient history, 
chest X-ray, tuberculin skin test, and interferon-gamma 
release assays (IGRA). Latent TB may be suspected in case 
of a positive initial tuberculin skin test and when the patient 
has recently been exposed to the disease. Physicians should 
be aware of the possibility of false-negative skin tests, espe-

cially when patients are immunocompromised. When the 
patient is diagnosed with latent TB, treatment with the full 
therapeutic antituberculous regimen should be initiated and 
it is advised to delay anti-TNF treatment for at least 3 weeks 
after initiation of anti-TB regimen. When active TB is diag-
nosed, anti-TNF treatment is ideally delayed until anti-TB 
treatment has been completed. However, solid data on the 
ideal timing during anti-TB treatment are lacking and infec-
tious disease consultation is recommended. When TB is 
diagnosed during anti-TNF treatment, the anti-TNF agent 
should be discontinued and TB therapy should be started. 
Anti-TNF therapy can be resumed if needed after 2 months. 
All patients should be monitored carefully for signs of cough, 
fever and weight loss and treating physicians should be 
aware of uncommon extrapulmonary TB as well as the more 
common lung disease [59].

After all, when taking appropriate safety measures, anti- 
TNF and immunomodulator therapy appears to be relatively 

Fig. 48.4 Safety measures

Fig. 48.5 TBC
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safe. Safety data from referral centers and randomized 
 controlled trials do not show an increased risk of malignan-
cies or infections in anti-TNF treated patients. In a large 
meta- analysis of 21 placebo-controlled trials including 5356 
patients, no increased risk of death, serious infection or 
malignancy compared to controls was reported [62]. In line 
with this observation, no increased risk was found in infec-
tions, mortality or malignancy in 734 anti-TNF treated 
patients compared to controls, with a median follow-up of 58 
months [63]. In addition, no increased risk of malignancy 
was observed in patients treated with anti-TNF in a large 
cohort of CD patients [64]. However, long-term safety data 
are not available yet and therefore awareness of (serious) 
side effects is warranted.

 Monitoring Patients

Monitoring of disease activity is a key component of IBD 
care. Traditionally, patients are monitored clinically using 
validated indices including Crohn’s Disease Activity Index 
(CDAI) or the Harvey–Bradshaw Index (HBI). Clinicians 
are also able to monitor using inflammatory serologic mark-
ers such as C-reactive protein, or fecal markers including 
fecal calprotectin or lactoferrin. Increased levels of calpro-
tectin and lactoferrin have been shown to correlate with the 
validated Crohn’s Disease Endoscopic Index of Severity 
scores [65, 66], and therefore, these markers might be useful 
tools to assess disease activity.

Newer evidence in the literature promotes mucosal heal-
ing as a method to assess efficacy of ongoing therapy. 
Mucosal healing predicts long-term outcome and is associ-

ated with reduced subsequent disease activity and risk of 
relapse, increased steroid-free remission rates and less sur-
gery and hospitalization [5–7, 10, 11, 67]. While Bouguen 
and colleagues noted that fewer than 26 weeks between 
endoscopic procedures (hazard ratio, 2.35; 95 % confidence 
interval, 1.15–4.97; P = .035) and adjustment to medical 
therapy when mucosal healing was not observed (hazard 
ratio, 4.28; 95 % confidence interval, 1.9–11.5; P = .0003) are 
factors associated with mucosal healing [68], further data is 
needed to determine  optimal time intervals between endo-
scopic assessments for mucosal healing.

To evaluate the risk benefit of early intensive treatment, 
careful monitoring of potential and sometimes avoidable 
adverse events is mandatory (Fig. 48.6). Patients on immu-

nosuppressive therapy and with malnutrition are at risk for 
opportunistic infections [59, 69]. For that reason, patients 
with fever, cough and systemic illness should be carefully 
examined and Mycobacterium tuberculosis (TB) should be 
excluded. Patients diagnosed with pneumonia should be 
treated with an antibiotic covering S. pneumoniae [59]. In 
case of an active infection, it is advised to withdraw immu-
nomodulators until the resolution of infection. Further more, 
about 70 % of the population has latent JC virus, which can 
cause progressive multifocal leukoencephalopathy upon 
reactivation. Since reactivation of the JC virus is associated 
with systemic immunosuppression, treating physicians ought 
to be aware of this rare situation. PML has been associated 
with natalizumab with a risk estimate of approximately 
1:1000 (0.2–2.8 per thousand) with a mean exposure of 18 
months of therapy [70–72]. Patient presenting with new-
onset neurological symptoms should receive an MRI scan 
and lumbar puncture.

Fig. 48.6 Monitoring 
strategies for patients 
with early intensive 
therapy

48 Step-Up vs. Top-Down Approach in Crohn’s Disease



486

Studies show divergent data on the occurrence of malig-
nant lymphoma in IBD patients receiving immunomodula-
tors. Whereas some studies do not show an increased risk, 
other studies do find a moderately elevated risk, especially in 
patients on thiopurine therapy [73–77]. Most recently, a 
meta-analysis by Williams et al. examined 22 randomized 
controlled trials with over 7000 patients comparing anti-
TNF treatment with placebo and found no increased risk of 
malignancy; however, no trials provided data beyond 1 year 
of treatment. Hence, long-term risk needs to be further 
assessed [77]. Nonetheless, the absolute risk appears to be 
low and should be weighed against the benefits of immuno-
modulator therapy.

 De-escalation Therapy for Deep Remission

Once remission is achieved, it is important to know if, when 
and how to de-escalate therapy. Although severe adverse 
events are rare, especially when appropriate safety measures 
are undertaken and patients are correctly monitored, they can 
occur and therefore establishing an individualized risk- 
benefit ratio is encouraged. The disadvantages of discontinu-
ation of therapy should be taken into account, including 
relapse, possibly lower response to re-induction therapy, 
infusion reactions and surgery. Particularly important when 
considering de-escalation is the earlier pattern of the disease 
and response to therapies. In addition, several factors may 
predict relapse, including smoking, previous steroid use and 
elevated fecal calprotectin and CRP.

 Anti-TNF and Anti-TNF–Azathioprine 
Combination Therapy

The proportion of patients with infliximab-induced remis-
sion that relapsed after discontinuing infliximab was assessed 
in a prospective single-center study. In this study, infliximab 
was stopped in patients who were treated with infliximab for 
at least 1 year, and who were in steroid-free remission for 6 
months. After the median follow up time of 12 months, about 
50 % of the patients relapsed and 35 % remained without 
clinical relapse up to 7 years [78]. Results from an observa-
tional study evaluating the long-term effects of infliximab 
showed maintenance of remission after infliximab discon-
tinuation in 20 % of the patients who experienced a sustained 
clinical response to infliximab [63].

In a prospective cohort study (STORI) from the GETAID 
group [67], relapse was assessed in patients on combination 
infliximab and thiopurine therapy for >1 year and in stable 
remission for ≥6 months after stopping infliximab therapy. 
Approximately 44 % of the patients relapsed within 1 year  
of discontinuation; patients retreated with infliximab after 

relapse responded well. On multivariable analysis, risk 
 factors for relapse included male sex, the absence of surgical 
resection, leukocyte counts >6.0 × 10(9)/L, and levels of 
hemoglobin ≤14.5 g/L, C-reactive protein ≥5.0 mg/L, and 
fecal calprotectin ≥300 μg/g. Patients with no more than two 
of these risk had a 15 % risk of relapse within 1 year [67].

In a study investigating the ability to stop immunosup-
pressives in patients treated with combination therapy, an 
enduring response was observed after withdrawal of immu-
nosuppressives [79]. Importantly, they reported low inflix-
imab trough levels before immunosuppressive withdrawal as 
a predictor for surgery. Three risk factors for relapse after 
azathioprine withdrawal in patients treated with infliximab/
azathioprine combination therapy were identified in another 
study [80]. Infliximab-azathioprine exposure duration of 
≤811 days (hazard ratio (HR) = 7.46, P = 0.01), C-reactive 
protein >5 mg/l (HR = 4.79, P = 0.008), and platelet count 
>298 10(9)/l (HR = 4.75, P = 0.02) were found to predict inf-
liximab failure, which was defined as disease flare, hyper-
sensitivity reactions leading to infliximab discontinuation or 
surgery.

Pariente et al. reviewed 11 studies investigating cessation 
of immunosuppresants (IS) and/or biologics [81]. Patients 
receiving IS alone had relapse rates at 12 months following 
immunosuppressant cessation of 20 %. Patients receiving 
combination therapy with IS and infliximab for at least 6 
months had relapse rate following IS cessation of 20 % at 24 
months, similar in patients who maintained combination 
therapy. With anti-TNFs, relapse rates were 40 and 50 % 
over 1 and 2 years, respectively, after cessation. In summary, 
decisions on de-escalation of therapy should be made on a 
case-by-case basis and should be considered in patients with 
high risk of adverse events and low risk of relapse. Further 
work in identifying these patients is needed to tailor therapy 
and to prevent relapse.

 Conclusion

Early aggressive therapy in CD is beneficial in selected 
patients who are likely to develop a severe and disabling dis-
ease course. Predictors include young age at diagnosis, the 
presence of perianal disease, stricturing disease, and the ini-
tial need for corticosteroids. This approach appears to be 
relatively safe, but the risks of opportunistic infections and 
neoplasm should always be weighed against the benefits of 
therapy. Patients should be monitored carefully on a regular 
basis and de-escalation of therapy should be considered for 
those at high risk of adverse events and those in deep remis-
sion. The value of serological, immunologic, and genetic 
markers in monitoring and predicting disease is currently 
under investigation, and could be helpful to further optimize 
therapy.
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 Background

Ulcerative colitis (UC) and Crohn’s disease (CD) are the 
two major phenotypes of the idiopathic inflammatory 
bowel diseases (IBD) of the gut. IBD is characterized by 
infiltration of a large number of myeloid leukocytes (gran-
ulocytes and monocytes) into the intestinal mucosa fol-
lowed by inflammation, erosions and ulcers. While UC 
usually is confined to the large intestine (colon and rec-
tum), CD can affect any part of the gut, from the mouth to 
the perianal region [1–7], and up to 70 % of CD patients 
may have small intestinal involvement. This difference 
indicates that the molecular mechanism of immune cell 
migration to the colon and the small intestine may be dif-
ferent [8]. Both UC and CD run a remitting- relapsing 
course affected by diverse environmental and genetic pre-
disposing factors [1, 3, 4, 9–13]. IBD is exacerbated and 
perpetuated by inflammatory cytokines such as tumor 
necrosis factor (TNF)-α, interleukin (IL)-6, IL-12, inter-
feron (IFN)-γ, and IL-17 [14–20].

Leukocytes have the potential to initiate and exacerbate 
inflammation by releasing a cascade of proinflammatory 
cytokines, proteases, and reactive oxygen derivatives, lead-
ing to extensive tissue injury [2]. In the face of the evidence 
for the involvement of various cytokines in the immuno-
pathogenesis of IBD and the fact that infiltrated leukocytes 
derived from peripheral blood are major sources of these 
cytokines, the leukocytes appear logical targets in the treat-
ment of IBD. Indeed, histological examination of the muco-
sal tissue in biopsy specimens from patients with active IBD 
reveals a spectrum of pathologic manifestations among 

which presence of an abundance of neutrophils, lympho-
cytes, and macrophages relates specifically to clinical dis-
ease activity and severity of the disease [1–3, 21–23]. 
Accordingly, several studies have reported that patients with 
active IBD harbor elevated circulating granulocytes and 
monocytes [24, 25], which show activation behavior and 
prolonged survival time [26–33].

Leukocytapheresis is a kind of bloodletting, which dates 
back to the time of Hippocrates (460–377 BC) in Ancient 
Greece, from there it reached Europe as a major treatment 
practice. The perception then was that disease reflected pres-
ence of disease-causing substances in the blood and blood-
letting was to expel the pathologic agents. Bloodletting was 
widely practiced for diseases like polycythemia vera, inflam-
mation, fever, hypertension, and other undiagnosed diseases. 
However, in 1162, the Vatican ruled against bloodletting. In 
the early 20 century, centrifugation was introduced to sepa-
rate blood cells from the plasma and exclude the unwanted 
fraction. Because centrifugation involves removing large 
volume of blood from the patient, it soon was abandoned in 
favor of direct hemoperfusion systems. Leukocytapheresis 
was first introduced to treat patients with chronic myelocytic 
leukemia [34, 35] and chronic lymphocytic leukemia [36]. In 
1975, thoracic duct drainage was associated with clinical 
improvement in 12 patients with rheumatoid arthritis [37]. In 
1979, Tenenbaum and colleagues [38] successfully per-
formed leukocytapheresis for rheumatoid arthritis using an 
IBM blood cell separator. The logics of leukocytapheresis 
for autoimmune diseases was based on the suspicion that 
lymphocytes were producing autoantibody or stimulating 
antibody production promoting autoimmune disease like 
rheumatoid arthritis. Recent evidence suggests that the effi-
cacy of the therapy might not simply be attributed to cell 
removal per se because contact activation of cells with the 
treatment surface or a change in the proportions of regula-
tory (suppressor) T cells and pathogenic macrophages might 
produce immunomodulatory effects. This notion has been 
further discussed below.
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 Leukocytapheresis for Inflammatory Bowel 
Disease

 The Centrifugation Method

In 1985, Bick et al. [39] reported the first clinical trial of cen-
trifugal leukocytapheresis in IBD for patients with active 
CD. This uncontrolled trial together with their follow-up 
studies [40, 41] suggested that leukocytapheresis had effi-
cacy in patients with CD, but their preliminary observations 
were to be confirmed by subsequent studies in large cohorts 
of patients. In line with this thinking, in 1994, Lerebours and 
colleagues [42] assessed the efficacy of centrifugal lympha-
pheresis to suppress early relapse in patients with CD in 
clinical remission after steroid treatment for an acute attack. 
Twenty-eight patients were included in this randomized mul-
ticenter prospective study. Before starting steroid tapering, 
patients were randomly assigned either to lymphapheresis 
(nine sessions within 4–5 weeks) or to a control group (no 
lymphapheresis). The primary judgment criterion was the 
cumulated recurrence rate after steroid discontinuation. All 
the treated patients (12 of 12) were successfully withdrawn 
from corticosteroids together with 10 of 15 in the control 
group. At the end of an 18 months follow-up, the cumulated 
relapse rate was 83 % in the lymphapheresis group and 62 % 
in the control group. However, this study [42] is so far the 
best controlled trial targeting peripheral blood lymphocytes 
in IBD and showed that lymphapheresis alone is not an effec-
tive treatment for patients with CD, it may reactive an other-
wise quiescent IBD. The authors’ conclusion was “although 
there was a trend towards a diminished incidence of cortico-
steroid dependence, centrifugal lymphapheresis did not pre-
vent the occurrence of early relapses”.

In 1997, Ayabe et al. [24] reported an open pilot study of 
centrifugal leukocytapheresis in patients with corticosteroid 
refractory active UC, with focus on efficacy and safety. 
Fourteen patients with severe UC were treated by centrifugal 
leukocytapheresis. Patients received one leukocytapheresis 
session per week for 3 consecutive weeks. In each session, 
leukocyte-rich fractions of the buffy coat layer were removed 
from 2000 to 2400 mL of peripheral blood taken via an ante-
cubital vein. Approximately 180 mL of ACD-A (acid citrate 
dextrose; 3 % w/v citrate) was used as an anticoagulant. 
Thirteen patients (92.9 %) achieved clinical remission within 
4 weeks after leukocytapheresis and remained in remission 
for 8 months on average without any additional corticoste-
roid therapy. Both colonoscopic and histological examina-
tions confirmed the efficacy of the treatment with respect to 
reduction of severe inflammation in the affected colon. No 
serious side effect was observed throughout the therapy. 
Additionally, the expression of L-selectin and VLA4α, 
which are target molecules on leukocytes for interactions 
with endothelial cells, was down-modulated. The same 

group conducted a second pilot study in which 23 patients 
with severe corticosteroid refractory UC received centrifugal 
leukocytapheresis [25]. Eighteen of 23 patients (78.3 %) 
achieved clinical remission. The third study by this group 
[43] was a multicenter open label trial involving 50 patients 
with active corticosteroid refractory UC conducted in 14 
medical institutions. By using the Haemonectics’ Component 
Collection System (Braintree, MA, USA), leukocytapheresis 
was done once a week for 5 consecutive weeks, processing 
2000–2400 mL of patients’ blood per session as in their first 
study [24]. At the end of the study, stool frequency was 
decreased to less than 4 times a day in 68.4 % (26 of 38) of 
patients and C-reactive protein (CRP, an inflammation 
marker) level was normalized in 56.7 % (17 of 30) of the 
patients. Similarly, endoscopic remission was achieved in 
57.7 % (26 of 45) patients and histological improvement was 
seen in 54.1 % (20 of 37) of patients tested. Following 5–6 
leukocytapheresis sessions, improved disease activity was 
seen in 74 % (37 of 50) of patients by general assessment 
criteria, but only 11 patients (22.0 %) achieved clinical 
remission. It is not clear why this multicenter study revealed 
lower rate of clinical remission as compared with the earlier 
two studies.

 The Adacolumn Selective Leukocytapheresis 
System
The Adacolumn (Fig. 49.1a) is an example of a medical 
device that can selectively remove activated myeloid lin-
eage leukocytes. These include granulocytes, monocytes/
macrophages together with significant fraction of platelets. 
The Adacolumn does not significantly deplete lymphocytes 
[29, 30, 44, 45]. The leukocytapheresis procedure is simple 
(Fig. 49.2). Two large cannulas are placed in the antecubital 
veins of the two arms (or other suitable sites) for direct 
blood access to the column and blood return to the patient. 
The blood flows into the column usually at 30 mL/min and 
returns to the patient from the column outflow. The blood 
flow can be increased or decreased if necessary. Each ses-
sion takes on the average 60 min (can be prolonged or 
decreased if necessary). The column itself (Adacolumn) is 
filled with specially designed cellulose acetate beads of 
2 mm in diameter as leukocytapheresis carriers. Pre and 
post column blood cell counts have revealed that the carriers 
adsorb from the blood, which passes through the column 
about 65 % granulocytes, 55 % of monocytes/macrophages 
together with a small fraction of lymphocytes [30, 45]. 
These are the leukocytes that bear the so-called FcγR and 
complement receptors [44, 45]. These numerical data have 
been verified by scanning electron microscopy on the beads 
taken from the column following a leukocytapheresis ses-
sion (Fig. 49.1). The science and the therapeutic rationale 
behind the development of the Adacolumn have been 
broadly presented in two publications [46, 47].
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The first clinical trial of Adacolumn in patients with active 
UC was an open multicenter controlled study conducted at 
14 hospitals throughout Japan [48]. Of 105 eligible patients, 
53 were in group I for Adacolumn and 52 in group II for 
conventional drug therapy. According to the study design, in 
group II, prednisolone (PSL) was increased to 63 ± 13.82 mg/

day per patient at week 1 to promote remission compared 
with 23.5 ± 3.42 mg/day per patient in group I. In both 
groups, the PSL dose could be reduced if remission or 
improvement was observed. At week 7 (efficacy assessment 
time point), the average dose of PSL in group I was 
14.2 ± 2.25 mg/day per patient vs 22.9 ± 2.07 mg/day in 

Fig. 49.1 Scanning electron photomicrographs of carriers that have 
adsorbed leukocytes during leukocytapheresis. (a) The Adacolumn is 
filled with cellulose acetate beads as leukocytapheresis carriers that 
selectively adsorb granulocytes, monocytes/macrophages, a signifi-
cant fraction of platelets together with a small number of lympho-
cytes. These are the leukocytes that bear the FcR and complement 

receptors. The scanning electron photomicrographs show adsorption 
of monocytes and granulocytes to a carrier. (b) The Cellsorba column 
is a filter consisting of polyester non-woven fabric that non-selec-
tively removes leukocytes. The scanning photomicrographs show 
leukocytes trapped in the Cellsorba filter. (b) is a higher magnifica-
tion view of (a)

Fig. 49.2 (a) The outline of the procedure for leukocytapheresis. (b) Extracorporeal blood flow view of the Adacolumn and Cellsorba filter. The direction 
of blood flow indicated by the arrows shows that whereas blood inlet for the Adacolumn is from the lower port, for the Cellsorba is from the upper port
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group II. Overall, 31 of 53 group I patients (58.5 %) 
responded to Adacolumn leukocytapheresis therapy, 11 
achieved remission, 20 had their symptoms improved and 22 
did not respond. In group II, 23 of 52 patients (44.2 %) 
responded to conventional drug therapy, seven had remis-
sion, 16 had their symptoms improved and 29 did not 
respond. Likewise, in group I, a total of eight non serious 
adverse effects like transient flushing, light headedness in 
five patients were reported, but no patient discontinued the 
apheresis treatment due to adverse reactions. In contrast, in 
group II, 40 adverse events in 24 patients were observed; 21 
of 24 patients received medical treatment and three patients 
discontinued the treatment.

Subsequently, Hanai and colleagues [28, 29] reported 
treating 41 patients with severe UC by using the Adacolumn 
to deplete their peripheral blood granulocytes and mono-
cytes/macrophages. No additional drug therapy was initiated 
while their ongoing medications were tapered as symptoms 
improved. Pretreatment circulating neutrophil counts were 
very high, 9.3 ± 0.5 × 109/L, about three times the level seen 
in controls [30] and significant reductions were seen at week 
12 of treatment, 4.9 ± 0.4 × 109/L. Hemoglobin (Hb) at week 
12 relative to baseline had increased by 25 %, which might 
relate to the cessation of rectal bleeding following remission 
or improvements of clinical symptoms. Along with a fall in 
the patients’ clinical activity index (CAI), disease activity 
index (DAI) and peripheral blood neutrophil counts, there 
was a comparable fall in CRP [29].

In one of the aforementioned studies by Hanai and col-
leagues [29], a total of 146 patients with active UC were 
given salicylates as the first-line medication. Ninety-two did 
not improve and were put on intensive corticosteroid (PSL) 
therapy. Among these 92 cases, 31 patients did not improve 
(steroid refractory) and underwent Adacolumn leukocy-
tapheresis therapy. These patients had a CAI of >12, a DAI of 
>10 and were treated twice weekly for 2–3 consecutive weeks 
and then at one session per week. At the conclusion of five 
treatment sessions, 60 % of these steroid refractory patients 
achieved remission or were significantly improved. At the 
conclusion of ten treatment sessions, the remission rate was 
an 80 %. The corticosteroid refractory patients in this study 
represented a sub-group of patients with severe UC that are at 
a significant risk of serious complications. Indeed treatment 
failure after 5–10 days of intensive corticosteroids is often 
considered to be an indication for colectomy or exposure to 
CyA [46, 49]. However, only 4 of the 31 (13 %) patients 
underwent colectomy. At 12 months, 79 % of patients had 
maintained their remission, which compares with a relapse 
rate of 60–80 % for CyA [48], but unlike CyA [50] Adacolumn 
was without major side effects. These initial response rates 
achieved by Hanai et al. have subsequently been reproduced 
both in Japan and in Europe [51–55]. In one of these studies, 
Kanke et al. [51] reported that 90 min per Adacolumn session 

was significantly better than 60 min per session.

Currently, treatment of ulcerative colitis, Crohn’s disease 
and generalized pustular psoriasis by the Adacolumn are 
covered by the Japan national health insurance system. 
Additionally, the Adacolumn is CE-marked for the treatment 
of ulcerative colitis, Crohn’s disease, rheumatoid arthritis, 
generalized pustular psoriasis, and Behçet’s disease in the 
European Union. In China, the Adacolumn has been 
approved as medical device by the SFDA of China, and a 
multicenter clinical study has been undertaken to show effi-
cacy outcomes in active IBD.

 Adacolumn Leukocytapheresis as First-Line 
Medication for Steroid Naïve Patients
In one of the first publications on Adacolumn leukocytapher-
esis in IBD, Hanai, and colleagues reported treating 41 
patients with UC in active stage. Eight of the 41 patients 
treated by Hanai et al. [29] were steroid naïve at entry. All 
eight (100 %) went into a clinical remission with the 
Adacolumn treatment and remained steroid naïve during the 
treatment and follow-up time. Subsequently, Suzuki et al. 
[56, 57] reported treating 20 steroid naïve patients with 
active UC by Adacolumn leukocytapheresis. These patients 
had moderate to severe UC; mean CAI was 8.8, range 5 –17. 
At entry, all patients were on 5-ASA (1.5–2.25 g/day). Each 
patient was to receive up to a maximum of ten Adacolumn 
sessions, at a frequency of two sessions/week. Efficacy was 
assessed 1 week after the last session. CAI fell to clinical 
remission levels (CAI < 4) in the majority of patients after six 
sessions, only two of the 20 patients required all ten sessions. 
At post treatment, the mean CAI was 3; range 0–12 
(P = 0.0001) and 17 of 20 patients (85 %) were in clinical 
remission. There were significant changes in total peripheral 
white blood cell counts (WBC ×109/L), 9.8 ± 1.0 (range 5.9–
22.5) vs 7.0 ± 0.6 (range 3.5–15.3) for pre and post treatment, 
respectively (P = 0.003) together with decreases in CRP 
(P = 0003). During the Adacolumn leukocytapheresis ther-
apy, two incidences of transient mild headache were reported. 
In both cases, the headache receded within 3 h without medi-
cation. Further text on this subgroup of UC patients is pre-
sented in the subsequent sections of this chapter.

 Adacolumn Leukocytapheresis Suppressed 
Relapse in Asymptomatic Patients
Bjarnason and colleagues in London evaluated the efficacy 
of Adacolumn leukocytapheresis to suppress relapse in 
asymptomatic IBD patients at a high risk of experiencing a 
clinical relapse [58]. This approach reflects a fundamental 
change in the philosophy of treating IBD. Instead of treat-
ing active disease, asymptomatic patients are identified 
solely on the basis of a very high fecal calprotectin con-
centration, a neutrophil selective protein that provides 
quantitative measure of intestinal inflammatory activity 
[21–23]. The high calprotectin levels (over 250 μg/g) place 

them in a very high risk group for relapse of their disease [21]. 
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This prospective, randomized controlled study, assigned 
patients to Adacolumn leukocytapheresis, undergoing 5, 
once a week leukocytapheresis treatment in an outpatient 
setting, or to unchanged treatment. Follow-up was monthly 
for 6 months for clinical relapse. Thirty-one patients who 
met the inclusion criteria were included from 244 potential 
subjects who underwent screening. In the Adacolumn 
group 64 % maintained their remission compared to 24 % 
in the control group (P = 0.03). Life table analysis demon-
strated the mean survival in the Adacolumn group was 181 
days vs 104 days in the control arm (P = 0.01). It would 
appear that 5 weekly sessions of Adacolumn in such 
patients will have a significant effect and potentially avoid 
the morbidity associated with clinical relapse and subse-
quent drug therapy.

 Adacolumn Leukocytapheresis in the Treatment 
of Crohn’s Disease
The vast majority of studies with the Adacolumn have been 
in patients with UC. However, there is evidence to suggest 
that Adacolumn leukocytapheresis is effective in patients 
with CD as well. The first study in CD was reported by 
Matsui and colleagues [59]. In that study, seven patients with 
CD refractory to conventional medication including nutri-
tional therapy, each received five Adacolumn sessions. Five 
of seven patients achieved remission. It should be relevant to 
state here that the only two nonresponders in Matsui’s study 
[60] had the CD lesions confined to the small intestine, not a 
common site to find infiltrated neutrophils. In the follow-up 
study by Fukuda et al. [61], 21 patients with severe drug and 
nutritional therapy refractory CD received five Adacolumn 
sessions each. Efficacy rate was 52.5 % in these severe 
patients. More recently, Domenech et al. [55] reported treat-
ing 12 steroid dependent patients with CD. The remission 
rate in this study was 70 %, which is higher than in the study 
reported by Fukuda et al. [61]. Finally, Lofberg and col-
leagues [62] have reported treating seven patients with CD 
who were refractory or had relapsed despite medication. Six 
had received infliximab, but without success. Adacolumn 
leukocytapheresis was performed at one session per week for 
5 weeks. Efficacy was assessed at week 7 and 12 months. 
The median value of Crohn’s disease activity index (CDAI) 
scores decreased from 290 at week 1 to 184 at week 7 
(P = 0.031). At the 12 months follow-up, CDAI had decreased 
further to 128.5 (P = 0.0156).

 Immunomodulation Associated with Adacolumn 
Leukocytapheresis
Although the aim of treatment with the Adacolumn has been 
to remove excess and activated granulocytes and monocytes 
from the circulation, it has been difficult to explain why 
some patients continue to improve long after the treatment is 
concluded. Also the low relapse rate reported by Hanai et al. 
[29] cannot be fully explained by our current understanding 

of neutrophil function per se. Alternative mechanisms of 
actions have therefore been sought. Adacolumn is filled with 
cellulose acetate beads to which leukocytes that bear the 
FcγR and complement receptors adhere [44, 45]. The 
adsorbed leukocytes release an array of active substances 
both toxic and nontoxic, but some anti-inflammatory as well. 
Most of these substances are of short half-life and may not 
reach the patients’ circulation in appreciable amounts. 
Several investigators have carried out analysis on blood sam-
ples taken from the Adacolumn inflow and outflow (blood 
return line to patients) during leukocytapheresis. Both Hanai 
et al. [63] and Suzuki et al. [56] found a significant increase 
in blood levels of soluble TNF-α receptors I and II. Soluble 
TNF receptors are reported to neutralize TNF without invok-
ing TNF-like actions [64]. Similarly, several studies report a 
marked decrease in the capacity of peripheral blood leuko-
cytes to release inflammatory cytokines including TNF-α, 
IL-1β, IL-6, and IL-8 following Adacolumn leukocytapher-

esis [28, 30, 48, 65]. The procedure appears to produce a 
similar effect on leukocyte trafficking receptors. Thus the 
expression of both L selectin [30, 44, 48, 65] and the chemo-
kine receptor, CXCR3 [44] was markedly reduced and was 
sustained well beyond the last leukocytapheresis session, 
while the expression of the leukocyte integrin, Mac-1 
(CD11b/CD18) was upregulated [30, 45]. These actions 
should suppress leukocyte extravasation.

Recently, Ishihara et al. [66] reported novel immunomod-
ulatory actions for the Adacolumn by using an experimental 
model. They established an SCID adoptive transfer model of 
chronic colitis. Injection of apoptotic cells (ACs) into the 
model in the presence of B cells led to interesting findings. 
The ACs-mediated effect was lost in the absence of B cells or 
presence of regulatory B cells (Breg)-depleted cells. Further, 
the Adacolumn induced neutrophil apoptosis during passage 
of blood through the column due to the generation of small 
amounts of reactive oxygen species (ROS) in the column. 
Finally, suppression of colitis was seen upon injection of 
ROS exposed neutrophils into the model. Their results sug-
gested that the Adacolumn not only depletes elevated and 
activated neutrophils and monocytes (myeloid lineage) from 
the circulation but also indirectly promotes expansion or 
activation of Breg, which are involved in maintaining regula-
tory T cells (Treg) [67]. In clinical settings, the Adacolumn 
has been associated with expansion of Treg, an increase in 
interleukin-10 level and a decrease of anti-nuclear antibodies 
titer [47, 68]. Figure 49.3 summarizes the immunomodula-
tory actions of the Adacolumn leukocytapheresis.

 The Cellsorba Leukocyte Removal System
The Cellsorba leukocyte removal filter column (Fig. 49.1b) is 
developed by Asahi Kasei Medical in Japan and has been 
comprehensively described by Sawada et al. [69]. This system 
is also a direct blood perfusion device (Fig. 49.2). Blood 
access is from the antecubital vein in one arm and return via 
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the antecubital vein in the contralateral arm. Alternative access 
sites may be used if necessary. Cellsorba uses a filter consisting 
of polyester non-woven fabric that non-selectively removes 
approximately 13.0 × 109 leukocytes from the circulating blood 
during one treatment session [70]. The column is capable of 
removing almost 100 % of neutrophils and monocytes includ-
ing macrophages and 30–60 % of lymphocytes when measured 
between the inlet and the outlet of the column [69].

The first major application of Cellsorba for the treat-
ment of UC was undertaken in 1995 by Sawada et al. [71]. 
Cellsorba leukocytapheresis was administered five times 
at 1 week intervals for 5 consecutive weeks during inten-
sive therapy and 5 times, at approximately 1 month inter-
vals for 5 months during maintenance therapy to 13 
patients with IBD (eight UC and five CD patients). 
Improved clinical response during the intensive therapy 
was seen in 11 of 13 patients (84.6 %); 6 of 8 UC patients 
(75.0 %) and 5 of 5 CD patients (100 %). The remission 
was maintained in 8 of 13 patients (61.5 %) during the 
maintenance therapy.

A multicenter trial was carried out in Japan to assess the 
efficacy and safety of Cellsorba vs corticosteroid therapy in 

patients with active UC refractory to conventional medica-
tion [69]. This was a controlled multicenter study with ran-
domized assignment of 76 patients with UC to two groups. 
The 39 patients in the Cellsorba group received weekly leu-
kocytapheresis for 5 consecutive weeks as an intensive ther-
apy, which was added to the on-going drug therapy, while 
steroids were maintained but not increased. Leukocytapheresis 
was gradually reduced to one session every 4 weeks as main-
tenance therapy. In the high dose PSL group (n = 37), PSL 
was added or increased to 30–40 mg/day for moderately 
severe and to 60–80 mg/day for severe patients and was then 
gradually tapered. The Cellsorba group showed a signifi-
cantly higher efficacy compared with PSL (74 % vs 38 %; 
P = 0.005) and lower incidence of side effects (24 % vs 68 %; 
P < 0.001).

Further, Sawada and colleagues [72] investigated the effi-
cacy of Cellsorba leukocytapheresis in a multicenter trial 
using active and sham devices in a double-blind study with 
focus on assessing the placebo effect of extracorporeal circu-
lation. Twenty-five patients with active UC of severe or mod-
erately severe level were assigned to the active treatment or 
sham treatment. Six patients who did not meet the inclusion 
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Fig. 49.3 Pathways leading to neutrophil apoptosis and immunoregu-
lation by the Adacolumn. Patients with IBD show inappropriate innate 
and adaptive immune responses to commensal bacteria due to imbal-
ance of mucosal immune profile. Neutrophil apoptosis is suppressed by 
elevated levels of endotoxin, and certain inflammatory cytokines as 
well as by corticosteroids, which are given to most patients with active 
IBD. (1) Selective adsorption of elevated and activated neutrophils to 
the column carriers (GMA beads) involving FcγR and complement 
receptors. Ligations of FcγR and complement receptor, leading to the 

formation of apoptotic neutrophils in the circulation via generation of 
reactive oxygens. (2) Apoptotic neutrophils are taken up by dendritic 
cells or by direct contact with B cells leading to the generation of regu-
latory B cells (Breg). (3) Breg and regulatory T cells (Treg) are also 
expanding. Breg and Treg will suppress autoreactive T-cells or effecter 
T-cells in the intestinal mucosa of IBD patients. IBD inflammatory 
bowel disease, FcγR Fc gamma receptor, CR3 complement receptor 3, 
C3bi inactive C3b component of complement, ROS reactive oxygen 
species
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criteria were excluded at screening and 19 (ten in the active 
group and nine in the sham group) were included. Cellsorba 
leukocytapheresis was performed once a week for 5 weeks 
followed by two additional sessions during the following 4 
weeks, at 2 weeks intervals. Corticosteroids and other con-
comitant medications were continued at the same dosage for 
4 weeks. CAI showed that the active group achieved a sig-
nificantly greater improvement (80 %, eight of ten patients) 
compared with the sham apheresis group (33 %, three of nine 
patients; P < 0.05). Although there was a significant advan-
tage in favor of the active treatment, the total number of 
patients was rather small in this study. Likewise, patients had 
active UC refractory to conventional drug therapy and most 
of them were receiving concomitant corticosteroid. A similar 
study with a large cohort of patients with strict control of 
their concomitant medications is warranted to verify the 
results of this study.

Sawada et al. [73] further reported the efficacy and safety 
of Cellsorba in treating patients with severe or fulminant UC 
or toxic megacolon. Six patients were included and Cellsorba 
leukocytapheresis was performed three times per week for 2 
weeks, followed by four further sessions in the following 4 
weeks. Four of six patients improved and achieved remis-
sion, and the remaining two patients had to undergo colec-
tomy while their symptoms had been reduced by Cellsorba. 
Further larger studies are essential to fully assess the efficacy 
of Cellsorba in this clinical setting.

In earlier studies, Sawada et al. [74] and Yamaji et al. 
[75], reported fluctuations in the leukocyte count in the 
peripheral blood during Cellsorba leukocytapheresis. The 
count fell to 20–40 % of the baseline level at 20–30 min 
after the start of each session. Cellsorba itself had a sus-
tained removal performance in excess of 90 % of the base-
line value for the circulating blood leukocytes [76]. 
Therefore, it appears that leukocytes from the marginal 
pools including the bone marrow, spleen and vessel walls 
compensate for the lost leukocytes during a session. This 
finding led to the concept and investigation of Cellsorba 
as a therapy for UC. It is believed that activated periph-
eral blood leukocytes serve as “primed reserve cells” 
which might include leukocytes that originally have been 
activated in the lymph nodes. During active IBD, this 
pool provides a sustainable supply of activated leukocytes 
for infiltration into the colonic mucosa. By depleting this 
pool, leukocytapheresis can, in effect influence the source 
of activated leukocytes in the marginal pools as well. 
Indeed, infiltration of activated leukocytes into the intes-
tinal mucosa has been considered as a major factor in the 
etiology of IBD [1, 21, 26].

Perhaps a word of caution is warranted in relation to any 
leukocytapheresis procedure which depletes lymphocytes. 
Thus, a study by King and colleagues [77] indicates that the 
state of lymphopenia may promote the development of auto-

immunity. Likewise, it is known that human diseases of 
autoimmune etiology often present with lymphopenia [59]. 
These findings led us to say that transient lymphopenia dur-
ing Cellsorba leukocytapheresis potentially may trigger 
homeostatic T cell expansion-associated autoimmune dis-
ease. Accordingly, if a patient with UC develops autoim-
mune disease following exposure to Cellsorba, the transient 
lymphopenia can be suspected to have predisposed to the 
condition. Currently, treatment of ulcerative colitis and rheu-
matoid arthritis by Cellsorba are covered by the Japan health 
insurance system. In Europe, Cellsorba has been CE-marked 
and approved as medical device. In Table 49.1, typical effi-
cacy outcomes for the Adacolumn and the Cellsorba filter 
column are presented.

 Immunomodulation Associated with Cellsorba 
Leukcocytapheresis
In the first major study by Sawada et al. [71] in patients 
with IBD, flow cytometry revealed that patients who 
improved had a higher percentage of HLA-DR+, HLA-
DR+CD3+, and HLA-DR+CD8+ cells (pro-inflammatory) at 
entry. The levels of these cells, CRP and erythrocyte sedi-
mentation rate (ESR) decreased to within the normal range 
by the end of therapy. In contrast, patients who showed 
poor response to leukocytapheresis, CRP and ESR did not 
change. Cellsorba leukocytapheresis also affected the 
cytokine production [74, 75]. The levels of pro-inflamma-
tory cytokines, TNF-α, IL-1β, IL-2, IL-8, and IFN-α were 
high in responders at entry and were significantly reduced 
by leukocytapheresis [85]. These cytokines are mainly 
secreted by activated peripheral blood leukocytes [86, 87]. 
Additionally, the level of IL-4, an immunoregulatory cyto-
kine increased after leukocytapheresis [88]. These obser-
vations indicate that Cellsorba leukocytapheresis is 
associated with changes in cytokine profile in the disease 
state, returning to normality via inhibition of several 
 pro-inflammatory cytokines and by stimulation of an 
immunoregulatory cytokine.

Andoh et al. [89] evaluated the alterations in circulating T 
cell subsets after Cellsorba leukocytapheresis therapy in 18 
patients with UC. Peripheral blood was obtained within 
5 min before and 5 min after leukocytapheresis therapy. The 
average number of lymphocytes, T and B cells were signifi-
cantly decreased after Cellsorba (P < 0.01). The number of 
CD4+ and CD8+ T cells were also significantly decreased 
(P < 0.01), but the CD4+/CD8+ ratio did not change. Also, the 
number of CD45RO+CD4+ memory T cells significantly 
decreased. Using intracellular cytokine staining method, 
they showed that IFN-γ expressing (Th1) cells had signifi-
cantly decreased after leukocytapheresis while there was no 
significant change in the number of IL-4-expressing (Th2) 
cells. The Th1/Th2 ratio was significantly decreased after 
Cellsorba.
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 The Science Behind Leukocytapheresis 
as a Natural Biologic Therapy

IBD may be viewed as the consequence of an exuberant 
immune profile triggered and maintained by inflammatory 
cytokines including TNF-α, IL-6, IL-12, IFN-γ, IL-17, and 
others [19, 20]. This might be a major factor for IBD show-
ing poor response to conventional drug therapy [1, 29, 90, 
91]. Indeed, administrations of these agents, often at high 
doses over long periods of time can produce additional 
 complications [1, 50, 73, 92, 93]. Further, it is true to say that 
for decades, drug therapy of IBD has been empirical rather 
than based on sound understanding of the disease mecha-

nisms (poorly understood etiology). The current view is that 
treatment interventions targeted at inflammatory mediators 
(like biologicals) should be more effective and produce mini-
mal side effects. Accordingly, the present era of antibody 
based therapy targeting specific cytokines, chemokines, and 
adhesion molecules represent some progress, albeit truly 
effective in a minority of treated patients [91, 94, 95]. 
Cytokines in particular represent the best validated therapeu-
tic targets and it is logical to view cytokines as major causes 
of persistent intestinal inflammation. However, major sources 
of inflammatory cytokines include leukocytes of the myeloid 
lineage [86, 87], which in IBD are elevated [29, 30] with 
activation behavior [26], prolonged survival time [33] and 
are found in vast numbers within the inflamed intestinal 

Table 49.1 Typical efficacy outcomes for leukocytapheresis in patients with ulcerative colitis (UC) or with Crohn’s disease (CD)

Investigation undertaken Main findings Author, Ref.

Prospective study in a mixed population of UC patients Steroid naive patients remitted after five sessions, severe 
patients responded to ten sessions

Hanai et al. [29]

Leukocytapheresis vs prednisolone in UC patients Five sessions had significantly better safety and efficacy 
than the corticosteroid

Shimoyama et al. [48]

Efficacy of 60 min vs 90 min leukocytapheresis in UC 
patients

Ten leukocytapheresis sessions at 60 min or at 90 min 
showed similar clinical efficacy

Kanke et al. [51]

Leukocytapheresis in steroid-refractory or dependent UC 
patients

Remission rate in patients with severe UC was 20 % vs 
70 % in patients with moderate UC

Naganuma et al. [52]

Treatment of active distal UC with leukocytapheresis In this difficult cohort of 30 cases, 21 patients (70 %) 
achieved remission

Yamamoto et al. [53]

Leukocytapheresis in 12 steroid-dependent CD patients Efficacy rate in this small cohort of CD patients was 70 % Domenech et al. [55]

GMA as a first line treatment in steroid naive UC 
patients

A remission rate of 85 % was achieved, and 17 patients 
were spared from drug therapy

Suzuki et al. [56]

The first GMA trial in patients with CD refractory to 
pharmacologics

Five of seven patients achieved clinical remission, the 
two nonresponders had small intestinal CD

Matsui et al. [60]

Multicenter, leukocytapheresis in drug refractory CD CD activity index decreased from 276 to 215 after five 
sessions (P = 0.0005)

Fukuda et al. [61]

Looking at mucosal biopsies pre and post GMA in CD 
and UC patients

Interferon-γ producing leukocytes in the intestinal 
mucosa were depleted

Muratov et al. [62]

Efficacy of LCAP in UC patients on corticosteroids This study reported 74 % efficacy for LCAP + concomitant 
steroid

Sawada et al. [69]

Efficacy of LCAP vs sham apheresis; filter was omitted The remission rates were 80 % for active therapy and 
33 % for sham apheresis

Sawada et al. [72]

LCAP in fulminant UC, toxic megacolon Four of six patients responded to LCAP after ten sessions Sawada et al. [73]

The efficacy of GMA in relation to patients’ bodyweight The remission rate for 3 L processed blood per session 
was better than for 1.8 L/session

Yoshimura et al. [78]

GMA, ten sessions over 10 weeks vs ten sessions over 5 
weeks

Intensive GMA produced higher efficacy in a shorter time 
vs routine, weekly GMA

Sakuraba et al. [79]

Safety and feasibility of daily leukocytapheresis, five 
sessions in 5 days

Daily leukocytapheresis was safe and well tolerated 
without any serious adverse event

Yamamoto et al. [80]

Controlled trial in severe UC refractory to available 
pharmacologics

Efficacy difference between active and sham apheresis 
did not reach significance level

Sands et al. [81]

Controlled trial in severe CD refractory to available 
pharmacologics

Efficacy difference between active and sham apheresis 
did not reach significance level

Sands et al. [82]

Long-term post marketing surveillance on GMA therapy Efficacy and safety of GMA was reported in a large UC 
patients population in Japan

Hibi et al. [83]

Long-term post marketing surveillance on LCAP filter 
column

Efficacy of LCAP was reported in 847 UC patients from 
Japan

Yokoyama et al. [84]

Leukocytapheresis was done with either Adacolumn (GMA) or with Cellsorba filter (LCAP). Generally, one leukocytapheresis session is 60 min 
or as indicated
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mucosa [1, 21]. Granulocyte infiltration into the mucosal tis-
sue indeed can predict relapse of both UC and CD [21, 58]. 
This indicates that during quiescent IBD, activated leuko-
cytes infiltrate the intestinal mucosa and have a major role in 
mucosal inflammation, injury and IBD relapse [1, 21, 26, 
58]. Indeed, leukocyte activation and prolonged survival is a 
feature of persistent inflammation and neutrophil mediated 
mucosal damage has been shown to be associated with the 
development of IBD [21, 26, 31, 32]. Accordingly, selective 
depletion of activated peripheral blood leukocytes by cen-
trifugation, the Adacolumn or Cellsorba has been associated 
with dramatic efficacy and a marked reduction of inflamma-
tory cytokines produced by leukocytes [28, 29, 45, 74, 75].

Naïve T cells preferentially recirculate between blood and 
secondary lymphoid tissues, entering lymph nodes from the 
blood by crossing high endothelial venules. After encounter-
ing the activated dendritic cells undergoing antigen presenta-
tion in the mesenteric lymph nodes, the naïve T cells become 
activated, proliferate and differentiate into activated effector 
T cells. These effector T cells then acquire the gut-homing 
receptors, integrin αβ4β7. Thus, colitogenic effector T cells, 
unlike naïve T cells can migrate efficiently to sites of inflam-
mation [96], subsequently entering afferent lymphatic ves-
sels and travel to local lymph nodes [93, 96–99]. In parabiotic 
mouse models, endogenous memory T cells in most periph-
eral tissues react in equilibrium with migrating blood-borne 
donor T cells within a week [100], suggesting that there is 
rapid recirculation of T cells in peripheral tissues. These 
recent understandings suggest that selective removal of these 
colitogenic activated effector T cells by leukocytapheresis 
should reduce the cellular components of IBD.

Factors believed to contribute to granulocyte activation 
and its increased survival time in IBD include inflammatory 
cytokines [101] and paradoxically corticosteroids [85] which 
are given to most patients with active IBD. Indeed, cortico-
steroids are known to reactivate quiescent UC and may pre-
cipitate the first UC attack [1]. These again in part explain 
why IBD shows poor response to drug therapy and strengthen 
our assumption that activated leukocytes are involved in the 
initiation, exacerbation and perpetuation of IBD. Activated 
leukocytes and their cytokines together with corticosteroids 
might constitute a vicious cycle whereby leukocytes produce 
cytokines which then support the former in addition to pro-
moting inflammation and both are enhanced by corticoste-
roids. Hence, peripheral blood leukocytes should be the most 
appropriate target of therapy in IBD. Based on this thinking, 
leukocytapheresis should be equivalent to removing inflam-
matory cytokines at the upstream of inflammatory drive.

To continue the above arguments, we could say that the 
effectiveness of certain cytokine antagonists like infliximab 
might be viewed as a solid evidence for the involvement of 
TNF-α (in this case) in the immunopathogenesis of 
IBD. Hence, given that major sources of TNF-α (and other 

inflammatory cytokines) include activated leukocytes, 
depleting these cells from patients’ body should represent 
biologic therapy, a natural medication which is safe and 
because it removes from the body the effector cells instead of 
adding, it is not likely to cause refractoriness. Alternatively, 
leukocytapheresis as an adjunct to conventional medication 
should spare most patients with active IBD from additional 
drug therapy and reduce the number of patients who require 
colectomy.

 Effective Dosage of Leukocytapheresis 
in Patients with IBD

For leukocytapheresis, which is a non-pharmacologic treat-
ment option, dosage would mean the number of sessions, 
and the processed blood volume per session in one treatment 
course. The modern day medicine has relied on the outcomes 
of clinical trials to determine the dosage of drugs with maxi-
mum efficacy margin and minimum adverse effect. However, 
for leukocytapheresis, which is a non-drug treatment strat-
egy, reliance on clinical trials has been less demanding or at 
least lack of it has not caused serious concern because of its 
good safety profile. Nonetheless, in clinical settings, physi-
cians need to know the most effective frequency, processed 
blood volume per session, and the total number of sessions 
for patients with mild, moderate or severe IBD. The reality is 
that hitherto, leukocytapheresis therapy has been an empiri-
cal practice. Some institutes administer two sessions per 
week in the first 2–3 weeks and then one session per week up 
to ten or eleven sessions [45]. Hanai et al. [48] reported that 
although patients with steroid naïve UC responded well to 
five GMA sessions, steroid refractory patients with severe 
UC responded better to ten sessions. In contrast, Suzuki et al. 
[56] administer two sessions per week and cease when CAI 
decreases to four or less (clinical remission level); patients 
who do not improve after several sessions are classified as 
nonresponders [102]. These treatment regimens are all con-
trary to the initial clinical trials in which five leukocytapher-
esis sessions over 5 consecutive weeks were applied [68]. 
Regarding the duration of one leukocytapheresis session, 
Kanke et al. [51] found that 90 min was significantly better 
than the routinely applied 60 min per session. Likewise, 
Yoshimura, et al. [103] increased the processed blood vol-
ume from the conventional 1800 mL per leukocytapheresis 
session to over 3000 mL per session. In this study, the effi-
cacy rate in the higher processed blood volume group was 
significantly greater than in the 1800 mL per session group 
[78]. In a prospective multicenter study, Sakuraba et al. [79] 
found that intensive leukocytapheresis at two sessions per 
week induced remission in a shorter time and at a signifi-
cantly higher rate when compared to weekly leukocytapher-
esis. The authors assigned 112 patients with moderately 
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active UC to two groups. Group 1 patients received one leu-
kocytapheresis session per week, while group 2 patients 
received two sessions per week, up to ten sessions in both 
groups. The remission rate in group 1 was 46.7 %, while in 
group 2 was 73.1 %. Further, the mean time to remission was 
28.1 days, in group 1 and 16.3 days in group 2. In spite of 
these outcomes, there is evidence to suggest that the efficacy 
of GMA is time dependent. Recently, Yamamoto, et al. [80] 
administered one GMA session per day over five consecutive 
days. There was no safety concern, but the efficacy rate was 
very much less than in the five leukocytapheresis sessions 
reported by Shimoyama et al. [48]. Further, as reviewed 
above, in patients with active IBD, large numbers of myeloid 
lineage leukocytes are found within the mucosal tissue [104], 
which may take several weeks to clear in spite of CAI show-
ing clinical remission [105]. Likewise, the immunomodula-
tory actions of leukocytapheresis are time dependent. In line 
with this assertion, in rheumatoid arthritis patients, there was 
a sustained increase in CD4+ T-lymphocytes up to 12 weeks 
following the last leukocytapheresis session [30]. Similarly, 
there was a striking down-modulation of the inflammatory 
chemokine receptor CXCR3 on leukocytes several weeks 
after the last leukocytapheresis session [45, 67]. Clearly 
additional studies are warranted for establishing the opti-
mum frequency and duration of leukocytapheresis session.

 Predictive Factors of Clinical Response 
to Leukocytapheresis

Just like knowing the effective dosage of leukocytapheresis 
is highly desirable in clinical settings, knowing baseline 
demographic variables, which potentially identify a patient 
as a responder or otherwise as a nonresponder to leukocy-
tapheresis should help to avoid futile use of medical resources 
and reduce morbidity time for many patients. As stated 
above, the best responders to leukocytapheresis are first epi-
sode cases [102] followed by steroid naïve patients [29, 56, 
57, 106]. Recently, Yokoyama and colleagues looked for pre-
dictive factors of clinical response to leukocytapheresis [107, 
108]. In their first investigation [109], they reported that 
patients with a short duration of UC and low cumulative PSL 
dose in the past respond well to leukocytapheresis. However, 
the best responders in that study were patients who received 
leukocytapheresis immediately after a clinical relapse [107]. 
Additionally, leukocytapheresis was effective in patients 
with low white blood cell counts at the first treatment ses-
sion. In their second study [108], Yokoyama and colleagues 
found a significant fall in myeloid leukocytes and platelets in 
responders vs nonresponders to leukocytapheresis. Further, 
baseline CAI was lower in the remission group vs non- 
remission. After 12 months, 52 of 134 patients had main-
tained remission. Disease duration was longer in the relapsed 

group vs maintained remission group [108]. This study also 
reported that first UC episode, and corticosteroid responder 
features together with drug naïve patients were significant 
factors for response to leukocytapheresis, whereas cortico-
steroid dependent UC was associating with relapse in those 
who had achieved remission [108]. Patients in who colonos-
copy reveals deep ulcers and extensive loss of the mucosal 
tissue together with those who have a long history of expo-
sure to multiple pharmacologics to which the disease has 
become refractory may not benefit from leukocytapheresis 
[81, 82, 104, 106, 110]. However, it is very important and 
clinically relevant to indicate here that pharmacologics in 
particular, corticosteroids given to patients when they first 
develop IBD can lead to a complicated disease course in the 
long term [1, 80, 111]. Allison et al. [1] comment that corti-
costeroids may even reactivate an otherwise quiescent IBD 
(when given as maintenance therapy or for an unrelated con-
dition). Similarly, Yamamoto et al. [112] found that patients 
who received Adacolumn leukocytapheresis in the early 
days of their active IBD had a more favorable long term clin-
ical course by avoiding corticosteroids and other pharmaco-
logics at an early stage of IBD. These findings are inconsistent 
with lack of efficacy outcomes that randomized sham- 
controlled study reported by Sands et al. in both UC [81] and 
CD [82] patients. Kruis et al. [113] carried out a post-hoc 
analysis on randomized sham-controlled study of Adacolumn 
for active UC [81]. Only 38 % of the patients or 63 of 165 
showed microscopic erosion/ulceration at distal sigmoid 
colon (group P). The remaining 62 % of the patients did not 
show microscopic erosion/ulceration (group A). Further, 
group P patients showed significantly higher Mayo endo-
scopic score together with neutrophil infiltration into the 
colonic mucosa compared with patients in group A 
(P = 0.0132, P = 0.0243 and P < 0.0001, respectively). 
Likewise, group P patients had a significantly (P = 0.0275) 
higher remission rate (11 of 46; 24 %) when treated with 
Adacolumn than with sham the procedure (0/17; 0 %). They 
suggested that true disease activity should be specified for 
further randomized controlled trials. Likewise, a randomized 
sham-controlled study for CD [114], patients with CDAI 
score greater than 300 showed higher clinical response rate 
(35 of 80 patients; 44 %) when treated with the Adacolumn 
as compared with the sham procedure (13/48; 27 %) [103].

 Safety of Leukocytapheresis in Patients 
with IBD

Safety of leukocytapheresis with the Adacolumn and the 
Cellsorba filter column has been assessed in two large scale 
observational reports [83, 84]. In the first of these two 
reports, Hibi and colleagues [83] compiled all adverse events 
(AEs) including problems during the Adacolumn procedures 
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(treatment feasibility) on 697 patients who had been treated 
over several years. The timeline of AEs was from entry, prior 
to each leukocytapheresis session up to 2 weeks after the last 
session. AEs were recorded when observed if the patient was 
under treatment or reported by patients during their visits to 
the hospital. In case of spontaneously occurring severe AEs, 
the physician was to be contacted at that time. Physicians 
were to monitor the patient until the AE resolved or the out-
come was known. During a 7-year period, there was no seri-
ous AE related to the Adacolumn; all reported events were of 
mild to moderate severity. Also, there was no report of an 
event being associated with the product quality. More than 
half of the reported events were related to the difficulty in 
performing blood access and adequate flow rate, elevation of 
system venous pressure, coagulation, blood return problems. 
The total number of leukocytapheresis sessions in 697 cases 
were 5287, mean ± SD = 7.6 ± 2.7, range 1–15 sessions. 
Overall, AEs occurred during 2.3 % of the total 5287 leuko-
cytapheresis sessions. Seven cases were withdrawn due to 
difficulties of achieving blood access. The causality of other 
AEs to the device could not be ruled out. However, alanine 
transaminase (ALT) and aspartate transaminase (AST) ele-
vations were most likely related to the primary disease, while 
symptoms like headache and light headedness were thought 
to be associated with extracorporeal circulation. Events were 
not significantly more frequent in patients who received >6 
leukocytapheresis sessions compared with patients who 
received <5 sessions. However, female patients and inpa-
tients showed higher events compared with male patients or 
outpatients (P < 0.05). Hematology values including leuko-
cyte counts and CRP showed marked deviations from normal 
ranges at baseline and improved after leukocytapheresis 
treatment (P < 0.0001). Further, the rate of AE was not neces-
sarily higher in nonresponders. Overall, the event rate in the 
697 was similar to historical observations [48, 51, 52].

In the second report on Cellsorba filter by Yokoyama and 
colleagues [84], the overall incidence of AEs was 10.3 % (87 
of 847 patients), very much higher than 2.3 % reported for 
the Adacolumn, which included procedure feasibility. The 
main reported AEs were headache, nausea, and fever. Such 
AEs are commonly associated with extracorporeal circula-
tion. AEs related to infections were seen only in three 
patients. Almost all of the adverse events were of mild to 
moderate severity, and all the patients either recovered from 
the events or showed significant improvement. Six severe 
adverse events were reported in five patients. These included 
deep vein thrombosis, hypotension, anaphylactic shock, and 
infective endocarditis/candidemia. All the patients recovered 
from these events after appropriate treatments. Oral cortico-
steroids were administered to both patients with deep vein 
thrombosis. For the patient who developed anaphylactic 
shock, nafamostat mesilate was used as the anticoagulant; 
after the event, the patient was able to receive leukocytapher-

esis by changing the anticoagulant to heparin. An episode of 
candidemia and infective endocarditis was observed in a 
male patient, who was also treated with sulphasalazine, oral 
corticosteroids, azathioprine, and CyA; this suggests that the 
patient was highly immunosuppressed. The patient needed a 
catheter insertion for vascular access for the leukocytapher-
esis therapy, which could have also been a cause of infection. 
Therefore, the infection might not be due to the leukocyte 
removal. He recovered after removal of the catheter and anti-
fungal therapy.

 Conclusion

Patients with active IBD, peripheral leukocytes are elevated 
with activation behavior, increased survival time and are 
believed to be major factors in the immunopathogenesis of 
IBD. Hence, depleting activated leukocytes should be consid-
ered as a safe and effective natural biologic therapy, equiva-
lent to reducing inflammatory cytokine release at an upstream 
point. Published data show leukocytapheresis producing 
impressive efficacy, strong drug sparing effects with potential 
to reduce the number of patients with severe disease who 
must undergo colectomy or be exposed to potent immunosu-
pressors like CyA. Recently, new drugs that similar to the 
concept of leukocytapheresis are developing to interfere leu-
kocyte trafficking [115–117]. Vedolizumab (Entyvio®) was 
approved in 2014 by the FDA and EMA for both UC and CD, 
the therapeutic antibody is blocking the interaction between 
α4β7 and anti-mucosal vascular addressin cell adhesion mol-
ecule (MAdCAM)-1 [109, 116, 117]. Oral Fingolimod 
(FTY720) had introduced for to treat patients with multiple 
sclerosis, which interfere with lymphocytes traffic between 
lymphoid organs and blood [118, 119]. Also, development of 
these drugs is ongoing for IBD [116, 120].

Leukocytapheresis is one kind of non-pharmacologic 
therapeutic method which modulates autologous leukocyte’s 
functions or process these cells during apheresis [65, 66]. 
There is low possibility in leukocytapheresis to produce seri-
ous adverse effects, such as opportunistic infection or aller-
gic reaction, and also to develop loss of response that is a 
major problem in biologics. Therefore, the method is appli-
cable for maintenance therapy in patients with IBD during 
pregnancy [114, 121]. However, studies with high levels of 
evidence to optimize the treatment including duration, inter-
val, and number of session were anticipated.
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 Introduction

Crohn’s disease (CD) and chronic ulcerative colitis (CUC) 
represent the two ends of the spectrum of inflammatory 
bowel diseases (IBD). For both diseases, the etiology is 
unknown [1]. recent research indicates that there are 
genetic components to both. However, genetics alone does 
not explain their occurrence. With the growing apprecia-
tion of how an individual’s microbiome influences both 
health and disease, the complex interaction between an 
individual’s genotype, diet, and unique gut flora as it 
relates to the onset and progression of CD and CUC is an 
area of active research [2]. While both are inflammatory 
conditions of the intestine, the location, extent, and histo-
logic characteristics of the inflammation define each as 
distinct disease entities.

There are significant differences in the pattern of intesti-
nal inflammation between CD and CUC that lead to different 
manifestations of the disease. CD is characterized by trans-
mural inflammation that may occur anywhere along the 
intestine from mouth to anus. Transmural inflammation 
leads to a number of complications unique to CD including 
perforation, abscess, fistula, and stricture. Surgery is not 
curative in CD, therefore, operations are performed for com-
plications of the disease or to alleviate symptoms. Unlike 
CD, CUC is an inflammatory disease limited to the mucosa 
of the colon and rectum. Since the small bowel is not 
involved by CUC, removal of the colon and rectum cures the 
intestinal manifestation of the disease. In this chapter, we 
discuss the indications for and some technical aspects of sur-
gery for CD and CUC.

 Surgery for Crohn’s Disease

The decision to proceed to elective surgery in a CD patient 
needs to be a collaborative decision arising from a consensus 
between the surgeon, the gastroenterologist, and, most 
importantly, the patient. Prior to elective CD surgery, it is 
essential that the medical treatment for CD optimized.

Intestinal transmural inflammation results in a number of 
CD complications that may require surgical intervention. 
Common indications for operation include: chronic intesti-
nal inflammation, obstruction due to an inflammatory pro-
cess or chronic stricture formation, perforation, and 
entero-entero, entero-vesical, entero-vaginal, or entero- 
cutaneous fistula. Fistulizing CD in the perineum frequently 
results in anal ulcers, abscesses or complex anal fistulas. The 
small bowel, particularly the terminal ileum, is most com-
monly involved with CD. In a large series of patients with 
CD requiring surgery over an 11-year period, 41 % had dis-
ease in the terminal ileum, 16 % had perianal disease, and 
16 % colonic disease. Eighteen percent of patients had mul-
tiple sites of disease [3, 4]. In these series, the indications for 
small bowel operation were failure of medical management 
to control symptoms (50 %), intestinal obstruction (20 %), 
and fistulous disease (15 %).

Fortunately, CD patients rarely require emergency sur-
gery. This permits the patient to be medically optimized 
prior to surgery. Optimizing the patient includes ensuring 
appropriate CD medical therapy, improving the patient’s 
nutritional status and controlling any local sepsis. For 
patients with intra-abdominal abscesses, radiologic-guided 
percutaneous drainage should be performed rather than sur-
gical drainage. This is important because it will minimize the 
inflammation involving non-diseased intestine thus mini-
mizing the amount of bowel that may require resection. 
Maintaining or improving a CD patient’s nutritional status 
prior to surgery is essential. If the patient cannot be fed via 
an enteral route, then early institution of parenteral nutrition 
is appropriate. In preparation for any major CD surgery, it is 
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advisable to have the patient marked for a possible stoma by 
an enterostomal therapist. Since CD patients frequently 
require subsequent operations for recurrent disease, the 
scope of surgery should be directed at the specific problem 
requiring intervention with every attempt made to limit the 
extent of bowel resection. Extensive or repeated small bowel 
resections may lead short bowel syndrome and significant 
nutritional compromise.

 Small Bowel Crohn’s Disease

As previously mentioned, the small bowel is the most com-
mon site of CD activity. Nearly 40 % of patients will have 
terminal ileum disease [3]. Common symptoms are abdomi-
nal discomfort, persistent diarrhea, or obstructive symptoms. 
Radiographic or endoscopic evaluation often will establish 
the diagnosis (Fig. 50.1). Fortunately, there are multiple 

medical therapies for CD. The algorithms used to determine 
the optimal therapy for an individual patient is beyond the 
scope of this chapter. However, all CD medical therapies are 
directed at reducing the local or systemic inflammatory pro-
cess. The traditional approach to CD therapy was to start 
with agents directed at reducing local intestinal inflamma-
tion to avoid the use of agents with systemic effects, the so 
called bottom-up approach. Over the last decade there has 
been a shift in the treatment paradigm of CD favoring an 

early initiation of biologic agents alone or in combination 
with immunomodulators [5, 6]. Commonly referred to as a 
“top down” approach it is hypothesized that early initiation 
of agents that block mediators of systemic inflammation and 
promote rapid mucosal healing may alter the natural history 
of CD. This approach has been shown to significantly 
increase remission in newly diagnosed CD and reduce the 
need for hospitalizations and surgery in the short-term 
(<2 years), as well as be cost-effective in patients with mod-
erate–severe CD [7, 8]. Whether this approach is reasonable 
in patients with mild disease or truly impacts the long-term 
course of CD is still debated, but the current approach to 
moderate–severe disease is early treatment with biologic 
agents [9].

Surgery for small bowel CD is most commonly performed 
for medically refractory disease or obstructive symptoms 
related to terminal ileal disease (Fig. 50.2). The extent of the 
ileal resection was once a topic of debate. Previously, there 

was a belief that achieving microscopically negative margins 
would reduce CD recurrence. However, extended resections 
lead to excessive loss of small bowel increasing the risk of 
nutritional compromise in patients that required re-resection. 
In a prospective randomized, controlled trial, Fazio and col-
leagues evaluated the extent of resection for focal small 
bowel CD and found no statistical difference in clinical 
recurrences between extended and limited resection [10]. 
Based upon this study and clinical experience the standard is 
to limit resection of only grossly involved bowel.

Despite medical therapies, recurrence of CD is common 
after resection. Upwards of 50 % of CD patients who undergo 
terminal ileal resection will experience endoscopic recur-
rence of disease in the region of the anastomosis within 1–2 
years [11]. However, endoscopic evidence of recurrence 
does not always translate into recurrent symptoms. McLeod 
et al. showed that nearly 75 % of patients have endoscopic or 

Fig. 50.1 CT image of isolated small bowel Crohn’s disease (arrows). 
This image clearly demonstrates the segmental nature CD and the 
hyper-enhancement of the mesenteric blood vessels and thickened 
bowel wall characteristic of CD

Fig. 50.2 Terminal ileal CD which demonstrates the thickening of the 
mesentery, creeping fat along the bowel and the increased vascularity of 
the intestinal serosa which is characteristic of CD
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radiologic recurrence by 3 years after surgery but only 40 % 
had symptoms [12]. With the new “top down” medical treat-
ment strategy the role of medical prophylaxis after CD sur-
gery has also changed towards early initiation or resumption 
of biologic based therapies to prevent recurrence [13, 14].

 Strictureplasty

Another common presentation of small bowel CD is focal 
stricturing disease which leads to obstructive symptoms. 
There might be a single area or multiple areas along the 
length of the small bowel (Fig. 50.3). The strictures are the 
result of chronic inflammation in which the transmural scar-
ring leads to compromise of the lumen. Previously, areas of 
multiple strictures were resected or by-passed. Both led to 
loss of functional bowel length which resulted in nutritional 
compromise. Furthermore, long segments of by-passed small 
bowel are associated with bacterial overgrowth and potential 
increased risk of malignancies in the by-passed segment. The 
use of strictureplasty in CD was first reported in 1982 [15]. 
The advantage of this technique is it can be repeated along 
the length of the bowel without the need for resection. The 
most commonly used technique is the Heineke–Mikulicz 
strictureplasty. This technique is useful for strictures up to 
4–5 cm in length. The stricture is divided by making a longi-
tudinal enterotomy along the antimesenteric border 
(Fig. 50.2). The enterotomy is then closed in a transverse 
fashion which reestablishes and widens the lumen of the 
bowel. Different types of strictureplasties have been devel-
oped for specific situations. For longer strictures (approxi-
mately 6–15 cm), the stricture can be folded upon itself and 
a side to side strictureplasty can be performed. In rare cases, 
a patient will have a long segment of bowel with multiple 
strictures or a single long stricture. Traditionally, this situa-
tion would have required a resection of the entire involved 
segment. To address this complex problem, Michellassi 

developed the long segment side-to-side isoperistaltic stric-
tureplasty [16]. The segment of involved bowel is divided in 
the middle and then opened along the antimesenteric border. 
The bowel segments are overlapped in an isoperistaltic fash-
ion and a side-to-side anastomosis is performed.

Strictureplasty is successful in relieving obstructive 
symptoms while preserving small bowel length. The 
Cleveland Clinic reported a large series of 698 strictureplas-
ties performed in 162 patients without any septic complica-
tions or deaths [17]. The reoperation rate at 5 years was 
similar to patients who underwent formal bowel resections. 
For unclear reasons, in patients requiring reoperation for 
recurrent strictures, the majority of new strictures occurred 
at sites remote from the previous strictureplasties [18]. In a 
recent meta-analysis, strictureplasty is associated with an 
overall complication rate of 11 % with major complications 
occurring in 5 % of cases [19]. The median surgical recur-
rence rate was 24 % after a median follow-up of 46 months.

 Treatment of Enteric Fistulas in CD

The transmural inflammation associated with CD results in 
the fistula formation. Fistulas can occur between different 
regions of the small and large bowel, adjacent organs, or the 
abdominal wall. Often, only one side of the fistula is involved 
with active CD and many entero-enteric fistulas may be 
asymptomatic. However, if a large segment of bowel is by- 
passed by the fistula either by connecting to a distal segment 
of bowel or to the abdominal wall, it may compromise nutri-
ent and fluid absorption to such an extent that surgical divi-
sion is required.

The initial treatment of a CD enteric fistula is similar to 
the management of any enteric fistula. Any septic focus 
needs to be controlled and the anatomy of the fistula delin-
eated. An abdominal CT scan with oral water-soluble con-
trast is the test of choice because it is both diagnostic and 
possibly therapeutic. Ideally, any intra-abdominal fluid col-
lection should be drained percutaneously. If the patient has 
any evidence of systemic infection, broad spectrum antibiot-
ics should be started. Any fluid and electrolyte abnormalities 
need to be corrected and the patient should be placed on 
bowel rest. In patients with enterocutaneous fistulas, prompt 
consultation with a wound or enterostomal therapist is essen-
tial in order to avoid skin breakdown and to aid in determin-
ing the amount of fistula output with the bowel at rest. Early 
initiation of intravenous hyper-alimentation is important to 
prevent further nutritional deterioration. If the patient can be 
fed orally without significantly increasing the fistula output 
while maintaining their nutritional state that is preferred to 
chronic hyper-alimentation. An extended period of intense 
medical therapy and nutritional support should be attempted 
prior to surgery. The patient’s CD medication management Fig. 50.3 Multiple CD small bowel strictures
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needs to be optimized prior to surgery including the use of 
biologic therapies. The addition of infliximab to standard 
medical therapy for enterocutaneous fistulas has resulted in a 
68 % closure rate compared to 13 % for placebo [20].

Surgery for CD fistulizing disease requires detailed coun-
seling and operative planning. The patient should be seen 
and marked by a certified enterostomal therapist for a possi-
ble ostomy. At the time of surgery, it is important to distin-
guish between areas of active CD and “innocent by-stander” 
bowel. The fistula always originates from the active disease 
site and extends to non-diseased bowel. The principle in 
internal fistula surgery is to resect the active disease and 
repair the non-diseased bowel. If both ends of the fistula are 
involved with active disease then both segments of bowel are 
removed. The same strategy is used for fistulas to other 
organs or the skin. A recent review of the surgical treatment 
of enterocutaneous fistulas at the Cleveland Clinic reported a 
90 day mortality of 3.5 % and a fistula recurrence rate of 
nearly 21 % over 3 months [21]. However, using the treat-
ment algorithm of controlling sepsis, maximal nutritional 
and medical therapy and resection of active disease they 
achieved an 80 % closure rate.

 Crohn’s Colitis

In some CD patients, the disease is limited to the colon. 
However, CD is a disease of the entire bowel and patients 
may present with disease limited to the colon but later develop 
small bowel disease [22]. The colitis may demonstrate a 
chronic relapsing course or as a fulminant episode. Indications 
for surgery in Crohn’s colitis include intractable symptoms, 
fistula formation, stricture formation or severe perianal dis-
ease. Fulminant Crohn’s colitis may present with massive 
hemorrhage, free perforation, or systemic toxicity. The surgi-
cal management of these patients is similar to patients with 
fulminant ulcerative colitis. A subtotal colectomy with ileos-
tomy and oversewing of the rectum is the preferred operation. 
Once the patient’s overall medical condition improves and 
there is no longer evidence of active disease, intestinal conti-
nuity can be reestablished by performing an ileorectostomy if 
the rectum is not involved with Crohn’s disease.

In CD patients with segmental involvement of the colon, 
limited resection is the preferred approach. The Mayo Clinic 
experience demonstrates that resection of the focal Crohn’s 
colitis leads to 86 % of patients remaining stoma free for 
more than 10 years [23]. However, nearly 50 % will experi-
ence a recurrence in the colon and nearly a third require a 
second operation for that recurrence. Due to the high recur-
rence rate, some prefer to offer total proctocolectomy with a 
permanent end ileostomy as the treatment of choice for seg-
mental Crohn’s colitis. Certainly for patients with severe 
perianal fistulizing CD and segmental colitis a total procto-

colectomy and ileostomy should be performed.

Another consideration in Crohn’s colitis is the possibility 
of colon cancer. A meta-analysis by Jess et al. reported nearly 
a doubling of the standardized incidence ratio for colorectal 
cancer in Crohn’s patients compared to the general public 
[24]. Any colonic stricture needs to be thoroughly evaluated 
for a potential malignancy. Furthermore, 10 % of CD patients 
with a colonic malignancy will have synchronous tumors. In 
this setting, the preferred operation is a total abdominal col-
ectomy with ileorectostomy.

 Perianal Crohn’s Disease

Perianal CD is a difficult management problem. Eleven per-
cent of patients will present with perianal disease [22]. There 
are numerous manifestations of perianal disease including: 
hypertrophic anal skin tags, ulceration, fissures, anal steno-
sis, abscesses and fistulas. A patient may have one or multi-
ple manifestations of perianal disease. Common presenting 
symptoms include severe pain, mucus discharge, bleeding, 
fecal urgency or incontinence. Surgery for perianal CD is 
directed at symptom management. Extensive anal operations 
should be avoided as scarring and recurrent disease may 
cause irreversible damage to the anal sphincter mechanism 
resulting in fecal incontinence. Procedures should be limited 
to controlling local sepsis and preventing recurrent sepsis.

Perianal abscesses need to be drained. Antibiotics alone 
are not adequate treatment. At the time of abscess drainage if 
an associated anal fistula is discovered, a loose draining 
Seton should be placed to provide long-term drainage. If no 
internal anal opening of a fistula is found, the abscess cavity 
can be packed as one would a routine perianal abscess. For 
larger abscess cavities, a mushroom tip rubber catheter can 
be secured into the cavity to provide long-term drainage.

In patients with complex perianal CD disease, especially 
fistula disease, imaging is very helpful in guiding manage-
ment. The combination of endoanal ultrasounds, pelvic 
MRI and examination under anesthesia will correctly iden-
tify 100 % of pathology when at least two of the modalities 
are used [25]. While surgery is directed at controlling 
symptoms, newer medical therapies are directed at reduc-
ing the initiating inflammatory process and promote fistula 
healing. All the biologic agents tested to date have excel-
lent efficacy at closing perianal fistulas with success rates 
between 30 and 100 % either when used alone or combined 
with surgery [26]. It should be noted that initial surgical 
control of local sepsis prior to initiation of biologic therapy 
leads to higher rates of closure. According to the a recent 
global consensus statement on the treatment of perianal fis-
tulizing CD use of anti-tumor necrosis factor agents as first 
line therapy is the gold standard of treatment [27]. Once 
CD medical therapy is optimized and all local sepsis has 
resolved if there is not spontaneous closure of the fistula an 
attempt at surgical closure may be attempted.
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Complex dissections and flap procedures should be 
avoided in CD patients with anal fistulas to minimize any 
unnecessary disruption of the sphincter mechanism. A surgi-
cal option for these CD fistulas is to fill the fistula track with 
a slowly absorbable material. Fibrin glue injected into the 
tract has been modestly effective in healing perianal fistula 
tracts [28, 29]. Another option is to place a plug of bio- 
absorbable material in the tract which permits slow scarring 
of the tract and eventual closure [30]. Success rates for these 
procedures are quite variable with most reports closure rates 
for all patients, not just CD, between 20 and 60 % [31]. The 
newer ligation of the intersphincteric fistula tract (LIFT) pro-
cedure has been shown to have consistently higher fistula 
closure rates, 70–80 %, in multiple studies of patients with 
and without CD [32, 33]. An exciting new approach is the 
use of adipose deprived stem cells as a treatment of Crohn’s 
perianal fistula. After a number of promising small series, 
recent 2 year follow-up of a phase II trial of 43 patients has 
demonstrated an 80 % closure rates [34]. Larger trials are 
now being undertaken to assess this treatment approach.

In patients with extensive medically refractory perianal 
CD the sphincter mechanism may become impaired leading 
to fecal incontinence or severe pain such that proctectomy is 
the only treatment option. Up to 25 % of patients with persis-
tent perianal CD will eventually require proctectomy [35]. 
Fecal diversion often temporarily improves perianal disease 
but when reversed, active disease frequently returns. Surgery 
cannot cure perianal CD. However, conservative surgical 
management of perianal CD can greatly improve a patient’s 
quality of life.

Despite significant advances in the medical treatment of 
CD, surgery remains an integral aspect of CD treatment. 
Although biologic therapies are much more effective at 
symptom control and reducing the need for hospitalization in 
CD, population studies have not demonstrated a decrease in 
the need for surgery [36]. For the foreseeable future, surgery 
directed at treatment of medically refractory symptoms or 
complications of CD will continue to be performed ideally 
by specialist surgeons well versed in the newer aspects of 
CD care and working in collaboration with the treating gas-
troenterologist to optimize patient outcomes.

 Surgery for Chronic Ulcerative Colitis

Chronic ulcerative colitis (CUC) is a recurring inflammatory 
condition limited to the colon and rectal mucosa. Since the 
disease is limited to colon, surgery is curative for the intesti-
nal manifestations of the disease. By definition, the inflam-
mation begins in the rectum and progresses uninterrupted for 
a variable distance into the colon (Fig. 50.4). The disease 
course is notable for low level chronic intestinal inflamma-
tion with intermittent worsening of the inflammation. These 

flares of disease activity result in worsening symptoms fre-

quently manifested as by abdominal pain and bloody diar-
rhea. In a minority of patients, the initial presentation of 
CUC is a severe acute illness associated with high fever, 
tachycardia, abdominal pain, distension, and bloody diar-
rhea. Toxic, or fulminant, colitis is a medical emergency and 
requires rapid assessment and treatment [37]. Ideally, these 
patients should be managed by both a gastroenterologist and 
the surgeon experienced in the care of CUC.

Surgery in CUC is divided into two categories, emergent 
and elective. The operation performed is influenced by the 
setting in which it is performed. Emergency operations are 
performed for life threatening complications such as massive 
hemorrhage or toxic colitis or severe medically refractory 
disease requiring hospitalization. In this emergency setting, a 
definitive operation is not recommended. Elective surgery is 
undertaken to treat intractable symptoms of the disease or for 
dysplasia or malignancy in the setting of CUC. In appropri-
ate patients a definitive operation can be performed. A defini-
tive operation removes the entire colon and rectum. In many 
patients, a restorative operation can be performed avoiding 
the need for a permanent ileostomy.

In appropriately selected patients, the best surgical option 
is total proctocolectomy with ileal pouch-anal anastomosis 
(IPAA). IPAA avoids the need for a permanent stoma and 
maintains the normal route of defecation. This operation is 
technically demanding and should be performed by surgeons 
comfortable with the procedure. Long-term follow-up of 
IPAA patients has demonstrated durable functional results 
with a high degree of patient satisfaction.

 Emergency Surgery for CUC

Emergency surgery is performed in patients with fulminant 
disease, or toxic megacolon or rarely massive hemorrhage. 
In the emergency setting, the goal of the operation is to 

Fig. 50.4 The typical mucosal pattern of CUC which demonstrates 
contiguous involvement from the low rectum to the transverse colon
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remove the abdominal colon, construct an ileostomy, and 
leave the rectum undisturbed. Preservation of the rectum 
maintains the option of a future restorative procedure, such 
as an ileal pouch anal anastomosis (IPAA). Using this “dam-
age control” approach allows the patient to recover from 
their acute illness, discontinue any immunosuppressive med-
ication, and improve their nutritional state before a definitive 
operation is undertaken.

Fulminant colitis is the initial presentation in 10 % of 
CUC patients [38, 39]. Truelove and Witts defined the clini-
cal syndrome of fulminant colitis [40]. It is characterized by 
the sudden onset of severe bloody diarrhea (more than ten 
per day), abdominal pain, dehydration, and anemia. In addi-
tion, the patient must have at least two of the following: 
tachycardia, temperature greater than 38.6 °C, leukocytosis 
and hypoalbuminemia. These patients are extremely ill and 
require immediate medical attention. Initial therapy involves 
aggressive intravenous fluid resuscitation, correction of elec-
trolyte abnormalities and anemia. If the patient has abdomi-
nal distension a nasogastric tube should be placed. Stool 
cultures should be obtained to rule out C. difficile or hemor-
rhagic infectious enteritis. A patient with known CUC may 
be started on intravenous steroids. In patients without a diag-
nosis of CUC, an endoscopic evaluation of the colon needs to 
be performed to help establish the diagnosis. A complete 
endoscopic evaluation of the colon is not required and may 
be unsafe in this setting. If the patient is clinically stable, 
there is no need for antibiotic therapy. However, in the pres-
ence of a fever or leukocytosis, broad-spectrum antibiotics 
should be initiated after cultures are obtained. Close obser-
vation for 24–48 h while on maximal medical therapy is cru-
cial. If there is no improvement, or if the patient’s condition 
deteriorates, then surgery is advised. During this observation 
period, the development of peritonitis or hemodynamic 
instability requires immediate operation.

Other complications requiring immediate surgical evalua-
tion are toxic megacolon and massive hemorrhage. Toxic 
megacolon may be seen in the setting of fulminant colitis or 
in isolation. Transverse colon dilatation greater than 5.5 cm 
defines the radiographic criteria of toxic megacolon. The 
entire colon or an isolated segment of the colon (usually 
transverse) is involved with gaseous distension. Clinically, 
the patients have significant abdominal distension and pain. 
They may also have fever and a leukocytosis. These patients 
are treated in a similar fashion to those with fulminant coli-
tis. Operation is indicated if the patient’s clinical or radio-
graphic status worsens, or if there is no improvement after 
24–36 h of medical therapy. Profound intestinal hemorrhage 
is a rare complication of CUC. Aggressive fluid and blood- 
product resuscitation is required as well as correction of any 
electrolyte or clotting deficiencies. Ideally, upper intestinal 
endoscopy needs be performed to rule out a bleeding gastric 
or duodenal ulcer since these patients are often on steroids at 

the time of presentation. If the patient remains hemodynami-
cally unstable even after resuscitation, then operation is indi-
cated; medical therapy is too slow to reverse the mucosal 
inflammation responsible for the bleeding. If the patient 
responds to resuscitation, then a trial of intravenous steroids 
may be instituted. Persistent bleeding requiring transfusion 
after 48–72 h of therapy is an indication for surgery. 
Perforation outside the setting of toxic megacolon rarely 
occurs. A patient presenting with a perforation without 
megacolon should raise concern that the actual diagnosis is 
Crohn’s disease, or that there is another cause for the perfo-
ration, such as a gastric or duodenal ulcer. Whatever the 
cause, there is no role for conservative therapy, and the 
patient should immediately undergo exploration.

Regardless of the indication for an emergency CUC sur-
gery, the operation of choice is a subtotal colectomy with an 
end ileostomy. A pelvic dissection is avoided so the planes in 
the pelvis are not disturbed, making future surgery easier. 
The rectum should be retained even in patients who are not 
candidate for a future restorative procedure. Performing the 
rectal dissection during emergency surgery increases the 
complexity of the case, lengthens the operation, and increases 
the risk of bleeding. After the patient recovers and their 
health status improves the retained rectum can be addressed 
at a future elective definitive procedure.

 Elective Surgery in CUC

The most common indication for elective surgery is intracta-
bility, despite medical therapy. Other indications include: 
colonic dysplasia, a dysplasia associated lesion or mass 
(DALM), malignancy, or side-effects of the medications. In 
children, stunting of normal growth is also an indication for 
surgery. Intractability is a clinical definition. In the chronic 
disease setting, it refers the inability to discontinue oral ste-
roids completely or the development of severe drug-related 
side effects.

The presence of colonic dysplasia is an important consid-
eration in CUC patients especially in those with long- 
standing disease. CUC patients are at high risk of developing 
colorectal cancer. The cancer risk increases with both dura-
tion and extent of the disease. The lifelong risk of colorectal 
cancer is estimated to be anywhere from 2 % at 20 years after 
onset of CUC to 43 % at 35 years [41]. The presence of 
colonic dysplasia on endoscopic biopsies is evidence of epi-
thelial instability. This is considered a premalignant state. 
Initially reported by Taylor and colleagues and expanded 
upon recently by Gorfine et al. colon specimens with dyspla-
sia of any grade were 36 times more likely to harbor a cancer 
[42, 43]. In the Mayo Clinic experience, 18 CUC patients 
with low-grade dysplasia were observed with serial colonos-
copies for a median of 32 months [42]. Nine of the 18 patients 
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developed advanced neoplastic lesions including a cancer. 
Ullman and colleagues reported a similar high rate of malig-
nancy in the setting of low grade dysplasia without any asso-
ciated masses [44]. While some recommend increased 
endoscopic surveillance for low grade dysplasia others con-
sider its presence an indication for surgery. The presence of 
a polyp not associated with any surrounding dysplasia usu-
ally can be managed with endoscopic removal without any 
increased risk for malignancy [45]. While increased fre-
quency of endoscopic surveillance for low grade dysplasia 
may be warranted, evidence of recurrent low grade dysplasia 
or any evidence of moderate or high grade dysplasia is an 
indication for surgery.

The two primary definitive operations for CUC are total 
proctocolectomy with end ileostomy (TPC) or total procto-
colectomy with ileal-pouch anal anastomosis (IPAA). The 
TPC can be performed in a single stage with a relatively low 
morbidity. However, the patient is left with a permanent ile-
ostomy. The IPAA is often a multiple stage procedure and is 
associated with a higher complication rate. The advantage of 
IPAA is that it avoids the need for a permanent ileostomy and 
preserves the normal route of defecation albeit with a higher 
number of daily bowel movements.

IPAA is the procedure of choice in appropriately selected 
patients who wish to avoid a permanent ostomy. Due to tech-
nical considerations, obese patients and extremely tall 
patients may not be good IPAA candidates. Our experience 
is that IPAA needs to be abandoned in less than 4 % of 
patients intraoperatively due to technical or anatomic prob-
lems [46]. Furthermore, advanced age which was once con-
sidered a contraindication to IPAA is now considered a 
relative contra-indication.

Whether IPAA is performed though a traditional open or 
a minimally invasive approach, the operation involves four 
steps: (1) removal of the intra-abdominal colon, (2) dissec-
tion and removal of the rectum sparing the pelvic nerves and 
the anal sphincter mechanism, (3) construction of an ileal 
reservoir, (4) anastomosis of the ileal reservoir to the anal 
canal. We have previously described our IPAA technique. 
[47] At our institution, nearly all patients also receive a 
diverting loop ileostomy at the time of IPAA.

Construction of the ileal pouch requires that the small 
bowel mesentery be completely mobilized from the retro-
peritoneum up to the inferior border of the pancreas to ensure 
there is adequate length mesenteric length to reach the anal 
canal. To achieve adequate length, it may be necessary to 
divide either the ileocolic vessel or one of the branches of the 
superior mesenteric artery. Once the mesentery has been 
mobilized, the pouch is fashioned. A J-shaped reservoir is 
constructed from the terminal 30–35 cm of the ileum. The 
pouch is constructed by folding the terminal ileum into a 
J-shape. The common wall between the two limbs is divided 
by repeated firings of a linear cutting stapling device from 

the apex of the pouch. The pouch is anastomosed to the anal 
canal by using a circular stapler or alternatively by a hand- 
sewn pouch to anal canal anastomosis. As mentioned previ-
ously, our practice is to construct a proximal diverting loop 
ileostomy at the time of the pouch operation. However, as 
will be discussed later, in some select patients omitting the 
ileostomy can be considered. Eight to twelve weeks after the 
operation if there is no evidence of a leak from the pouch on 
a contrast study performed through the anus, the ileostomy is 
reversed.

While the majority of the literature regarding complica-
tions, functional outcomes, and long-term durability of IPAA 
is based upon IPAAs constructed via an open laparotomy, the 
last decade has seen a significant transition to IPAA being per-
formed using advanced minimally invasive techniques. In a 
case matched series reported by Dunker and colleagues, lapa-
roscopic-assisted IPAA as compared to open IPAA resulted in 
similar functional results and quality of life outcome measure-
ments [48]. Our initial experience at the Mayo Clinic with 
laparoscopic IPAA was similarly positive [49]. In a report 
using a large national surgical database, the percentage of 
minimally invasive IPAA increased from 18.5 % in 2005 to 
41.3 % in 2008 and in some individual institution reports as 
high as 80 % minimally invasive IPAAs [50]. Early reports on 
minimally invasive IPAA focused on the improved cosmesis, 
reduced postoperative pain, and decreased length of stay; 
more recent national studies have also demonstrated signifi-
cant reductions in major postoperative morbidities [50, 51].

 Functional Outcomes

A number of surgeons and institutions have reported their 
IPAA experience. Across these many studies, the functional 
results are quite similar [52–54]. The majority of patients 
report good to excellent function with their IPAA. In the 
Mayo Clinic IPAA experience, the average number of day-
time bowel movements after ileostomy closure was six and 
one at night. [52] Incontinence was an unusual occurrence 
during the day with 79 % of patients reporting complete con-
tinence, 19 % occasional incontinence and 2 % frequent 
incontinence episodes. Nocturnal incontinence was more 
common with 59 % reporting no incontinence episodes and 
49 % occasional incontinence episodes. Although long-term 
follow-up for patients who had minimally invasive IPAA is 
limited, the 1 and 5 year functional outcomes for 119 patients 
from the Cleveland Clinic is similar to matched patients who 
had open IPAA [55].

Thirty years after the introduction of IPAA, the long-term 
durability of the pouch has been assessed. Hahnloser et al., 
reported on the functional outcomes of IPAA patients who have 
had their pouch in place for up to 20 years [56]. Pouch failure 
is rare even in those who suffer postoperative complications. 
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The overall pouch success rate is 92 % (Fig. 50.5). Most com-
monly, permanent diversion or pouch excision were performed 
for poor pouch function. The strongest association with pouch 
failure was with postoperative pelvic sepsis. Other reasons for 
pouch failure were chronic pouchitis and subsequent develop-
ment of Crohn’s disease.

 Complications

IPAA is associated with a number of early and late complica-
tions. Small bowel obstruction and pelvic abscesses are the 
most common early complications. Late complications 
include anastomotic stricture, pouch fistulas, pouchitis, and 
cuffitis. Delayed presentation (>1 year after reversal of the 
ileostomy) of a pelvic abscess or fistula raises the concern 
that the underlying diagnosis is not CUC but rather CD.

Numerous reports of IPAA experience have had similar 
postoperative complication rates [57–59]. The overall post-
operative morbidity rate ranges between 25 % and 30 %. The 
most worrisome postoperative complication is a pouch leak 
and associated pelvic sepsis which occurs with a rate between 
5–24 %. As discussed later, this rate of pelvis leak does not 
seem to be influenced by proximal diversion with an ileos-
tomy at the time of pouch construction. Patients with a pelvic 
phlegmon CT scan respond to broad-spectrum antibiotics. If 
there is drainable fluid collection, percutaneous CT-guided 
drainage is the preferred approach. Rarely laparotomy with 
abdominal washout and drainage is required.

Small bowel obstruction is both a short and long term 
complication after IPAA. In the Mayo Clinic experience, 
perioperative small bowel obstruction was 15 % with nearly 
a quarter requiring operation [60]. The most common site of 
obstruction was in the pelvis. MacLean reviewed the litera-

ture and reported an average incidence of bowel obstruction 
as 18 % at 1 year, 27 % at 5 years, and 31 % at 10 years [61]. 
The impact of minimally invasive IPAA on the incidence of 
bowel obstruction has not been reported. However, in one 
small series where pelvic adhesions were assessed at the 
time of ileostomy closure there were significantly reduced 
[62]. Pouch-anal anastomotic stricture is another common 
complication after IPAA [60]. There is no correlation 
between stricture formation and anastomotic technique, 
hand-sewn versus stapled. Fortunately, these strictures are 
easily dilated either in the operating room or by the patient 
using soft dilators.

The most common long-term IPAA complication is pou-
chitis [63]. The reported incidence of pouchitis is heavily 
influenced by the diagnostic criteria used. Patients report 
symptoms similar to colitis including fever, anemia, and 
diarrhea [64]. An increased number of pouch leakage epi-
sodes or fecal incontinence is a common complaint. There 
are few reliable preoperative or postoperative risk factors 
that have been associated with development of pouchitis. 
Fortunately, chronic pouchitis is infrequent and often 
responds to therapy.

The most common treatment is a 2 week course of oral 
antibiotics either metronidazole or ciprofloxacin [65]. 
Patients who suffer frequent recurrent episodes or develop 
chronic pouchitis may require prolonged antibiotic therapy 
or even immunomodulator therapy. Rarely, chronic pouchitis 
requires permanent diversion or pouch excision. In long- 
term follow-up of IPAA patients, nearly 50 % of patients 
reported at least one episode at 10 years but it rose to 78 % 
after 20 years [56] (Fig. 50.6). In this cohort, chronic pouchi-
tis developed in less than 5 % of patients and only 2 % 
required diversion or pouch removal.
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Fig. 50.5 The probability of long-term pouch success over an extended 
nearly 20 year follow-up period at a single institution, Mayo Clinic, 
Rochester. (Hahnloser D, et al. Br J Surg 2007;94:333–340)

Fig. 50.6 The probability of developing an episode of pouchitis after 
IPAA for CUC during a 15 year follow-up period as reported from a 
single center, Mayo Clinic, Rochester, in over 400 patients. (Hahnloser 
D, et al. Ann Surg. 2004;240:615–21)
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Although the IPAA experience spans three decades, there 
are a number of technical and outcome issues that continue 
to be discussed. These include the use of a defunctioning 
ileostomy, IPAA in older patients, fertility in women after 
IPAA, and the impact of newer biologic therapies on postop-
erative IPAA outcomes.

 Role of Proximal Diversion

Early in the IPAA experience, the role a proximal ileostomy 
was to protect the pouch from fecal content while the anasto-
mosis healed. This was deemed to be essential in minimizing 
the risk of a pelvic leak and sepsis. Over the last decade a 
number of authors have reported their experience with IPAA 
without the ‘protecting’ ileostomy [66–68]. Advocates of this 
approach believe IPAA can be performed without an increased 
risk of pelvic sepsis while avoiding the inconvenience of a 
temporary ileostomy and the need for a second operation. A 
large single institution report from Sugerman et al., 201 
patients underwent a stapled IPAA in which 196 were done 
without a diverting ileostomy [66]. The majority of these pro-
cedures were performed for CUC and nearly all the patients 
were on steroids at the time of surgery. Anastomotic leaks 
developed in 12 % of patients with only nine patients requir-
ing operations to construct a proximal ileostomy. In this 
study, there was no impact on the long- term IPAA function. 
Others have reported similar outcomes [67]. A small random-
ized control trial has been performed which found no differ-
ence between the standard use of a proximal ileostomy and no 
ileostomy [68]. Despite some evidence that there is no need 
for a proximal ileostomy at the time of IPAA, most surgeons 
prefer constructing one. This is based upon the concern that 
the severity of complications in patients without ileostomy is 
greater than those with a proximal ileostomy. This belief is 
supported by a comparative study between one and two stage 
IPAA which demonstrated while the complication rates were 
similar the rate of life- threatening complications were signifi-
cantly higher in the patients without a proximal ileostomy 
[69]. Overall, the current evidence suggests that in highly 
selected patients who have technically uncomplicated proce-
dures performed by experienced IPAA surgeons, a proximal 
ileostomy may be omitted. However, the surgeon needs to 
closely monitor the patients for early signs of pelvic sepsis 
related to a pouch or anastomotic leak.

 IPAA and Age

Traditionally, IPAA was offered only to younger CUC 
patients who required surgery. CUC patients older than 50 
who required surgery were not considered candidates for 
IPAA, because of overconcerns about poor functional out-

comes. However, reports from multiple institutions have 
demonstrated no difference in functional outcomes or quality 
of life even in their 80s [70]. Overall, the most important 
consideration is the general health of the patient rather than 
their chronologic age.

 CUC and Fertility

Many CUC patients are diagnosed during their young adult-
hood years, therefore the impact of both medical and surgical 
treatment on fertility, especially in women, needs to be con-
sidered. Large population based studies conducted in the late 
1990s demonstrated that IPAA has a significant negative 
impact on fertility in young women [71–73]. It is estimated 
that IPAA reduces a woman’s ability to become pregnant by 
nearly 50 %. Prior to considering the surgery, this issue needs 
to be thoroughly discussed with the young woman and her 
family. A detailed analysis of pregnancy rates in Sweden after 
IPAA revealed a significant reduction in postoperative fertil-
ity [71]. Their birth rate was compared to the expected preg-
nancy and birth rate for age matched Swedish women. There 
was a no difference in the expected birth rate from the onset 
of their CUC to the time of surgery. However, after IPAA 
there was a significant reduction in pregnancy (P < 0.001). 
Also, women with IPAA required a much higher rate of 
in vitro fertilization, 29 % compared to 1 % respectively. In 
subsequent studies, women who had an ileorectal anastomo-
sis instead of IPAA did not appear to experience a reduction 
in fertility [74, 75]. While the exact cause of reduced fertility 
is not known, most assume altered pelvic anatomy and pelvic 
adhesions play a major role. With the wider adoption of mini-
mally invasive surgery for IPAA, there has been increased 
interest to determine if that modality influences fertility. In a 
study performed at the time of diverting ileostomy closure 
after minimally invasive IPAA, laparoscopic exploration was 
performed and the presence and density of adhesions in the 
abdomen, pelvis and adnexa was performed [76]. Using a 
standardized small bowel and adnexal adhesion scoring sys-
tem, patients who had a laparoscopic IPAA had significantly 
fewer adhesions than those that had an open IPAA. Importantly, 
women had markedly fewer and less dense adnexal adhe-
sions. As an option for young women with CUC who desire 
to start a family or who are in a stable relationship and might 
start a family within a few years, total abdominal colectomy 
and ileostomy is a very reasonable option. This approach 
removes the majority of the disease, allows medication to be 
withdrawn and does not disturb the pelvic anatomy. IPAA can 
be subsequently performed after child-bearing is complete.

After an IPAA, the mode of delivery, either vaginal or 
cesarean section, should be based upon obstetrical concerns 
rather than the presence of the pouch [77, 78]. Specific 
obstetrical issues favoring a cesarean section include: breech 
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position, above gestational age size, prior need for episiot-
omy, and possible need for an instrument assisted vaginal 
delivery. However, given the uncertainty of how a labor will 
progress, many IPAA patients and their obstetricians elect an 
elective cesarean section to avoid possible injury to the 
pouch and anal sphincter complex.

 Impact of Crohn’s Disease after IPAA

CUC and CD likely represent extremes of the inflammatory 
bowel disease spectrum. However, it may be very difficult to 
determine prior to performing an IPAA exactly where the 
patient is on that spectrum. In a review by Shen and col-
leagues, the reported incidence of CD complications after 
IPAA performed for CUC is between 3 and 13 % [79]. Early 
in the IPAA experience, CD development in the pouch was 
often a devastating complication due to the lack of effective 
medical treatment options. However, with a better under-
standing of the disease and biologic based medications 
pouch retention rate and functional outcomes in these 
patients is quite reasonable. In a series out of the Cleveland 
Clinic, nearly 70 % of patients who developed CD after 
IPAA construction had their pouch in place with excellent 
functional outcomes at 5 years after diagnosis of CD [80].

Since the limited experience with CD development after 
IPAA seems to suggest that these patients have very reasonable 
pouch survivability and functional outcomes, some surgeons 
offer IPAA to patients with known CD. The ideal candidate 
would be a patient with a long history of colonic/rectal CD with-
out anal complications or small bowel disease other than limited 
terminal ileal disease. Regimbeau and colleagues described 
long-term follow-up in a series of highly select patients with 
known Crohn’s colitis that underwent IPAA in order to avoid a 
permanent stoma [81]. After a median follow-up of 9 years, 
27 % had CD related complications in their pouch. In the 20 
patients with greater than 10 years of follow-up, the rate of 
pouch excision or permanent diversion was 10 %. The func-
tional outcomes were comparable to patients who had IPAA for 
a diagnosis of IPAA. Other investigators have reported similar 
outcomes in highly selected CD patients [82]. While the experi-
ence with performing IPAA in patients with CD is limited, in 
highly selected patients at high volume IPAA institutions it 
could be offered as an alternative to a permanent ostomy with an 
expectation for a reasonable functional outcome.

 The Impact of Biologic Therapies on Surgical 
Outcomes

In a number of studies, steroid use prior to IPAA and CD 
has been associated with increased risk of postoperative, 
particularly infectious, complications [63, 66, 83–85]. With 

the introduction of anti-TNF and other targeted biologic 
therapies for inflammatory bowel disease, there has been 
renewed interest in evaluating the impact of these agents on 
short- term post-surgical outcomes. The immune system is 
integral to the initiation and integration of processes that 
control wound healing. Unlike steroids that impact effector 
cells’ functional capabilities, the biologic agents target 
messenger or trafficking molecules which prevent propaga-
tion and coordination of the immune response. Interference 
with wound healing, particularly at the intestinal level may 
manifest as increased intra-abdominal infections from poor 
or delayed healing of intestinal anastomosis or complete 
disruptions of anastomoses. The Mayo Clinic was the first 
to report a possible association between biologic therapy 
and adverse outcomes in IPAA patients [86]. The outcomes 
of 47 CUC patients who received preoperative biologic 
therapy prior to IPAA were compared to 254 who were on 
therapies other than biologic agents including steroids. The 

patients who had biologic therapy were statistically more 
likely to have postoperative infectious complications and 
pelvic abscesses. Multivariate analysis, including disease 
severity and steroid use, demonstrated that anti-TNF medi-
cation remained independently associated with an increased 
risk of IPAA-related and infectious complications. A subse-
quent study from the Cleveland Clinic found a similar asso-
ciation between preoperative biologic therapy and 
postoperative complications [87]. In some much smaller 
studies, the association between biologic therapy and post-
operative complications in both IPAA and CD patients was 
not demonstrated [88, 89]. However, in more recent larger 
and better controlled studies in CD the association of bio-
logic therapy within 2 months of surgery increased intra-
abdominal infectious complications was clearly present 
[90, 91]. The majority of the available literature has come 
from single institution experiences which always raise 
some concern for bias. However, numerous recent meta-
analyses looking at both CD and CUC surgery have sup-
ported the concern that there is a real association between 
preoperative use of biologic agents and postoperative 
infectious complications [92–95]. All the studies to date are 
retrospective making it hard to draw any conclusions 
regarding the exact role of biologic therapies on postopera-
tive adverse events. Further prospective studies that evalu-
ate the extent and severity of disease, duration of disease 
activity and medical therapy need to be performed to clar-
ify this important issue. Additionally, as newer agents with 
different biologic targets start to be used their impact on 
surgical outcomes should be carefully monitored. Given 
the uncertainty about the role of biologic therapy and post-
operative complications, surgeons should consider the opti-
mal timing of surgery relative to last administration of 
agents and possibly taking a more conservative surgical 
approach such as a three stage IPAA.
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 Conclusion

Successful surgical outcomes for patients with either CD or 
CUC require a thorough understanding of both the patho-
physiology the specific disease-related complications unique 
to them. Furthermore, close collaboration with a gastroenter-
ologist experienced in caring for inflammatory bowel disease 
patients will improve the coordination of care for these com-
plex patients. Surgical therapy for Crohn’s disease is directed 
at treating symptoms and complications of the disease as sur-
gical cure is impossible. The nature of CD transmural inflam-
mation leads to a number of complex problems including 
intra-abdominal abscesses, perforations, fistulas, and stric-
tures. The operative approach to all of these problems is to 
minimize the resection of non-diseased bowel in order to pre-
serve bowel length and intestinal function. Unlike CD, sur-
gery for CUC cures the patient of the intestinal manifestations 
of the disease by removing the colon and rectum. During 
emergent CUC operations, the goal is to remove the abdomi-
nal colon leaving the rectum in situ. Leaving the rectum facil-
itates a future restorative procedure after the patient’s health 
has improved. Ileal-pouch anal anastomosis (IPAA) is a 
restorative operation that preserves the normal route of defe-
cation, albeit with a different frequency, and avoids a perma-
nent stoma. This is a complex procedure which is associated 
with a number of short- term and long-term complications 
which the surgeon needs to be familiar with and capable of 
addressing. For both CD and CUC, minimally invasive sur-
gery is technically feasible in many circumstances and pro-
vides the patients with short-term benefits.
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 Definition

The most common liver disease in inflammatory bowel dis-
ease (IBD) is primary sclerosing cholangitis (PSC). The 
main diagnostic tool to confirm PSC is a cholangiography. In 
case of a normal cholangiography, a small-duct PSC should 
be considered and can be ruled out by liver biopsy. One 
important differential diagnosis of liver diseases in IBD is 
autoimmune hepatitis (AIH) and in some series, 17 % of the 
AIH-patients had IBD [1].

AIH is a chronic progressive inflammation of the liver of 
unknown origin. It is characterized by elevated aminotrans-
ferases, bilirubin, and γ-globulins, the presence of auto- 
antibodies, and a typical histological picture with interface 
hepatitis and plasma cell infiltration. Untreated, the progno-
sis of AIH is poor and studies in the 1970s revealed a 5-year 
overall survival of 50 %. Notably, these data are limited by 
the lacking ability to test for HCV at that time. At the time of 
diagnosis, cirrhosis is present in 30 % of the patients [2]. 
Albeit pathogenesis is not entirely understood, genetic pre-
disposition, loss of immune tolerance, and environmental 
factors play important roles in the development of 
AIH. According to the antibody-pattern, two types of AIH 
are differentiated. In type1 AIH, antinuclear antibodies 
(ANA) and smooth muscle antibodies (SMA) are predomi-
nant, whereas in type 2 AIH, antibodies to liver/kidney 
microsome 1 (anti-LKM-1) are characteristic. The latter is 
mainly seen in children and adolescents. In Norway and 
Sweden, the point prevalence is 11–17 per 100,000 persons 
per year and the incidence 1–2 per 100,000 persons per year 
[3]. Similar data are supposed to be found for the Caucasians 
in North America.

 Clinical Presentation

The onset of AIH is usually insidious and up to 34–45 % of 
patients are asymptomatic. Symptomatic patients often pres-
ent with nonspecific symptoms as fatigue, jaundice, abdomi-
nal pain, weight loss, or arthralgias. In general, the complaints 
are not specific for AIH and range from asymptomatic indi-
viduals to individuals with severe and acute threatening dis-
ease with severe liver dysfunction. Other autoimmune 
disorders, e.g., autoimmune thyroiditis, rheumatoid arthritis, 
or IBD are common in the medical history of the patient or 
first-degree family members. AIH can occur at every age and 
in all ethnical groups. Women are more often affected than 
men (3.6:1). The main complication of AIH is the progres-
sion to liver cirrhosis with severe consequences, e.g., the 
development of ascites, hepatic encephalopathy, and variceal 
bleeding. In the case of cirrhosis, patients are at risk for 
developing hepatocellular carcinoma. Studies in the past 
revealed that patients with IBD and AIH without signs of 
cholangitis have a better outcome compared to those with an 
abnormal cholangiography [1].

 Diagnosis

 Diagnostic Scores

As there exists no single AIH-specific diagnostic criterion, 
diagnosis is established by a combination of a typical autoan-
tibody pattern, certain histological findings, and elevated 
immunoglobulins and aminotransferases. Confirmation of the 
diagnosis requires the exclusion of other hepatopathies such 
as viral hepatitis, cholestatic liver diseases or metabolic disor-
ders. In 1993, the International Autoimmune Hepatitis Group 
(IAIHG) formulated descriptive criteria and a scoring system 
for diagnosing definite or probable AIH. A review of the scor-
ing system was undertaken in 1999 (Table 51.1) [4, 5].  
In clinical practice, the descriptive criteria are sufficient to 
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diagnose AIH in most cases. For more challenging cases, the 
revised original scoring system, which was originally made 
for clinical trials, can be applied. This score includes the 
patient’s gender, the ratio between alkaline phosphatase (AP) 
and AST, the γ-globulin or IgG-level, antibodies, viral mark-
ers, drug or alcohol intake, HLA type, other immune diseases, 
histological features, and the response to treatment. A pretreat-
ment score of 10–15 points or a posttreatment score of 12–17 
points are required for the diagnosis “probable AIH,” whereas 
a pretreatment score of 16 or higher and a posttreatment score 
of more than 17 leads to the diagnosis “definite AIH.” The 
sensitivity of the pretreatment score of 10 points (probable 
AIH) and pretreatment score of 15 (definite AIH) is 100 % and 
95 %, the specificity 73 % and 97 % and the diagnostic accu-
racy 67 % and 94 %, respectively. In 2006, simplified diagnos-
tic criteria containing only four parameters (autoantibodies, 
IgG-level, histology, absences of viral hepatitis) were pub-
lished with 88 % sensitivity and 97 % specificity for probable 
AIH (≥6 points) and 81 % sensitivity and 99 % specificity for 
definite AIH (≥7 points) (Table 51.2) [6]. The simplified scor-
ing system showed reliability in worldwide studies, however, 
prospective studies are lacking [7–10].

 Biochemical Findings

One characteristic biochemical abnormality of AIH is hyper-
gammaglobulinemia in the absence of cirrhosis with selective 
elevation of serum IgG. Typically, IgA and IgM remain nor-
mal. The elevation of IgG is not only important for diagnosing 
AIH but also a reliable marker of disease activity. Elevation of 
liver enzymes shows a hepatitic pattern in most cases. 
However, aminotransferase activity (ALT, AST) and bilirubi-

nemia may range from just above the upper limit of normal 

(ULN) to 50-fold ULN, but this level does not correlate to 
histological inflammatory activity [11]. AP and γ-glutamyl 
transferase (γGT) usually are only moderately elevated or nor-
mal. In patients with liver cirrhosis, thrombopenia, hypalbu-
minemia, and elevated INR levels may be present.

 Autoantibodies

The serological assessment of the diagnosis includes testing 
ANA, SMA, anti-LKM-1, and anti-liver cytosol type 
1- antibodies (anti-LC1). The majority of adult patients show 
significant titers (>1:40) of ANA, SMA, or both, 3–4 % are 
positive for anti-LKM1 and up to 20 % present with no anti-
bodies. None of these antibodies is specific for AIH and their 

presence is not sufficient for affirming the diagnosis nor does 

Table 51.1 Revised Original Scoring System of the International Autoimmune Hepatitis Group [4]

Gender Female +2 HLA DR3 or DR4 +1

AP:AST (or ALT) ratio >3
<1.5

−2
+2

Immune disease Thyroiditis, colitis, others +2

γ-Globulin or IgG level 
above normal

>2.0
1.5–2.0
1.0–1.5
<1.0

+3
+2
+1
0

Other markers Anti-SLA, actin, LC1, pANCA +2

ANA, SMA, or anti-LKM1 
titers

>1:80
1:80
1:40
<1:40

+3
+2
+1
0

Histological features Interface hepatitis
Plasmacytic
Rosettes
None of above
Biliary changes
Other features

+3
+1
+1
−5
−3
−3

AMA Positive −4 Treatment response Complete
Relapse

+2
+3

Viral markers Positive
Negative

−3
+3

Drugs Yes
No

−4
+1

Pretreatment aggregate score:
  Definite diagnosis >15
  Probable diagnosis 10–15

Table 51.2 Simplified diagnostic criteria for autoimmune hepatitis, 
according to Hennes et al., Hepatology (2008) [6]a

Variable Cutoff Points

ANA or SMA ≥1:40 1

ANA or SMA ≥1:80

or LKM ≥1:40 2a

or SLA Positive

IgG >Upper normal limit 1

>1.10 times upper 
normal limit

2

Liver histology (evidence 
of hepatitis is a necessary 
condition)

Compatible with 
AIH
Typical AIH

1
2

Absence of viral hepatitis Yes 2

≥6: probable 
AIH

≥7 definite AIH
aAddition of points achieved for all autoantibodies (maximum, 2 points)
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their absence preclude AIH. The expression of antibodies can 
vary during the course of disease, but in contrast to children, 
the titer level does not correlate to disease activity in adults. 
In case of seronegativity for ANA, SMA, and anti- LKM- 1, 
testing for atypical perinuclear staining antineutrophil cyto-
plasmatic antibodies (pANCA) and antibodies to soluble liver 
antigen (SLA/LP) should be performed. Atypical pANCA 
were originally considered to be specific for IBD and PSC 
[12, 13] but are also found in AIH, sometimes as the only 
positive antibody. Anti-SLA have a limited sensitivity but a 
high specificity for AIH. Moreover, the presence of anti-SLA 
is associated with a more severe course of disease and a worse 
outcome [14, 15]. Serological evaluation should include 
AMA to preclude PBC. For further investigation of seronega-
tive patients, LKM-2 and -3 antibodies, and LM antibodies 
(Table 51.3) may be of interest. For a valid diagnosis, the 
exclusion of other liver diseases is essential. In particular, 
hereditary disorders as Wilson disease and alpha 1 antitrypsin 
deficiency, viral hepatitis, steatohepatitis, and drug induced 
hepatitis should be ruled out. The differentiation between 

AIH and the autoimmune cholestatic liver diseases PBC or 
PSC may be difficult, but the effort should be undertaken 
given the implications for treatment regimen and prognosis.

 Histology

A liver biopsy is recommended for establishing the diagnosis 
and for evaluation of the response to treatment. In patients 
with coexisting IBD, it is also useful to rule out small duct 
PSC. Although the histological appearance of AIH is charac-
teristic, there are no pathognomonic features. Typical find-
ings are mononuclear cell infiltrates with infiltration of the 
limiting plate, also called piece meal necrosis or interface 
hepatitis, which can progress to lobular hepatitis or central–
portal bridging necrosis. Plasma cell infiltrates are regularly 
seen. Biliary lesions as ductopenia or destructive cholangitis 
or granulomas are indicative for a different diagnosis. Fibrosis 
is seen in all but the mildest forms and the degree ranges from 
mild fibrosis to bridging fibrosis or cirrhosis (Fig.51.1).

Table 51.3 Antibodies in autoimmune hepatitis [43]

Antibody Target antigen(s) Liver disease Value in AIH

ANA* Multiple targets including:
• Chromatin
• Ribonucleoproteins
• Ribonucleoprotein complexes

AIH
PBC
PSC
Drug-induced:
Chronic hepatitis C
Chronic hepatitis B
Nonalcoholic fatty liver disease

Diagnosis of type 1 AIH

SMA* Microfilaments (filamentous actin) and 
intermediate filaments (vimentin, desmin)

Same as ANA Diagnosis of type 1 AIH

LKM-1* Cytochrome P450 2D6 (CYP2D6) Type 2 AIH
Chronic hepatitis C

Diagnosis of type 2 AIH

LC-1* Formiminotransferase cyclodeaminase 
(FTCD)

Type 2 AIH
Chronic hepatitis C

Diagnosis of type 2 AIH
Prognostic implications
Severe disease

pANCA (atypical) Nuclear lamina proteins AIH
PSC

Diagnosis of type 1 AIH
Reclassification of cryptogenic 
chronic hepatitis as type 1 AIH

SLA Soluble liver antigen AIH
Chronic hepatitis C

Diagnosis of AIH
Prognostic implications
Severe disease
Relapse
Treatment dependence

LKM3 UDP-glucuronosyl-transferases type 1 
(UGT1A)

Chronic hepatitis D
Type 2 AIH

Diagnosis of type 2 AIH

ASGPR Asialoglycoprotein receptor AIH
PBC
Drug-induced hepatitis
Chronic hepatitis B, C, D

Prognostic implications
Severe disease
Histological activity
Relapse

LKM2 Cytochrome P450 2C9 Ticrynafen-induced hepatitis None, does not occur after 
withdrawal of ticrynafen

LM Cytochrome P450 1A2 Dihydralazine-induced hepatitis
APECED hepatitis

Diagnosis of APECED hepatitis

*Antibodies indicating the conventional serological repertoire for the diagnosis of AIH. The other autoantibodes may bese useful in patients who 
lack the conventional autoantibody markers
AIH autoimmune hepatitis, ANA antinuclear antibody, APECED autoimmune polyendocrinopathy-candidiasectodermal dystrophy, ASGPR anti-
body to asialoglycoprotein receptor, LC1 liver cytosol type 1, LKM liver kidney/microsome, LM liver microsome antibody, pANCA perinuclear 
anti-neutrophil cytoplasmic antibody, PBC primary biliary cirrhosis, PSC primary sclerosing cholangitis, SLA soluble liver antigen, SMA smooth 
muscle antibody, UGT uridine diphosphate glucuronosyltransferase
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 Diagnostic Difficulties: Overlap Syndrome

Diagnosing AIH is especially delicate in autoantibody- 
negative patients. If AIH is suspected in an autoantibody- 
negative patient, a liver biopsy may become of immense 
importance. Otherwise, the patients are diagnosed and 
treated late.

Also the setting of autoantibodies or other results match-
ing to more than one autoimmune liver disease may cause 
confusion. Overlapping features of AIH and PSC or AIH and 
PBC are not uncommon. Practically, that means for example 
that a patient with AIH can be AMA-positive, what is highly 
specific for PBC. Or a patient with AIH presents with an 
abnormal cholangiography, being indicative for PSC. Some 
authors also count AMA-negative patients with otherwise 
typical PBC to AIH-PBC overlap or “autoimmune cholangi-
tis.” The overlapping diseases can appear simultaneously or 

sequentially in one individual patient. However, criteria for 
diagnosing an overlap are lacking and there are ongoing dis-
cussions about the terminology and diagnostic criteria [16]. 
This is why the estimated prevalence of AIH-PSC overlap 
ranges from 7.6 % to 53.8 % in different studies [17]. Overlaps 
of AIH and PBC can be found in 5–10 % of the patients with 
AIH. In patients with IBD and AIH, an overlap with PSC 
should always be considered. Particularly children present 
overlapping signs of AIH and PSC very often (30–50 %) [18]. 
The AIH-PSC overlap in children is also called “autoimmune 
sclerosing cholangitis.” In clinical practice, patients often 
require therapy both with anti-inflammatory agents and urso-
deoxycholic acid. The prognosis of the AIH- PSC overlap is 
worse than of AIH alone, mainly because of the risk of devel-
oping a malignancy, which is highly elevated in PSC [19]. 
The outcome of the AIH-PBC overlap is better than in AIH 
alone [20].

Fig. 51.1 (a–d) Histological findings in autoimmune hepatitis A: 
broadened periportal fields and lobules with lymphocytic infiltration 
(HE ×100). (b) Bridging fibrosis (arrows) between remaining parts of 
lobuli (lower arrow) (PAS ×100). (c) Lymphoplasmacytic infiltration of 
periportal field (PF) and lobuli (ZV = central vein) with piecemeal 

necrosis and single cell necrosis (HE ×200). (d) Wide plasmacellular 
infiltration in a periportal field beside lymphocytes and eosinophilic 
granulocytes (HE ×400). All figures kindly provided by Prof. 
H.-P. Kreipe, Medical School Hannover
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Similar to AIH patients, sera of HCV-infected patients are 
frequently positive for ANA, SMA, and LKM. LKM-1 anti-
bodies are found in 5–10 % of patients with chronic HCV 
infection. The clinical relevance of these autoantibodies for 
HCV patients remains elusive. LKM are regarded as autoim-
mune phenomena associated with HCV infection, only high 
titer antibodies are considered to be a sign for a relevant 
autoimmune reaction. In individual patients, hepatitic flares 
can occur under interferon based treatment for HCV.

 Pathogenesis

 Cellular Autoimmunity

The pathogenesis of AIH is not entirely understood. One 
concept is that in a genetically predisposed individual, envi-
ronmental factors (e.g., viruses, drugs) can provoke AIH by 
initiating immune processes. The histological hallmark of 
AIH is a portal mononuclear cell infiltrate with T and B lym-
phocytes, macrophages and plasma cells. This massive 
inflammatory infiltration enables acute and ongoing liver 
damage. Among the T cells, the majority are CD4 positive. 
There is evidence for an alteration in T and B cell function in 
AIH. In particular, the peripheral blood, regulatory T cells 
(CD4+CD25+ Treg cells) are reduced both in number and 
function [5, 21] in patients with AIH. In contrast, they accu-
mulate in the liver of untreated adult AIH patients [22, 23]. 
Under immunosuppression, a loss of intrahepatic Tregs was 
reported [23]. Tregs are important modulators of CD8+ cells. 
They control the innate and adaptive immune reaction by 
inhibition of autoreactive T cells. They go in direct contact 
with the target cells, reduce interferon production, and 
increase the secretion of IL-4, IL-10, and TGFß. Studies of 
Treg function in family members of AIH patients suggest a 
genetic relation [24].

 Autoantigens

Beside self-reactive B and T cells, autoantigens that are pre-
sented by MHC class II molecules are required for an auto-
immune process in the liver. For a number of autoantibodies 
found in AIH, the target antigen is known. In AIH type 2, the 
antigen of anti-LKM-1 antibodies is the enzyme cytochrome 
P450 2D6 (CYP2D6). Mouse models that express the human 
antigenic region of CYP2D6 produce antibodies, and develop 
hepatitis [25]. Anti-LKM-3 antibodies react with UGT [26]. 
The substrate of anti-SLA is the transfer ribonucleoprotein 
complex tRNP(Ser)Sec, renamed SEPSECS (Sep 
[O-phosphoserine] tRNA:Sec[selenocysteine] t RNA syn-
thase) [27–29] and anti-LC1 recognizes formiminotransfer-
ase cyclodeaminase [30, 31] The target antigen of anti-LM 

antibodies is CYP1A2 and was first described in patients 
with a dihydralazine-induced AIH. Furthermore, they are 
found in patients with APECED (see below). Thus, several 
specific autoantigens in AIH are known but their role in 
pathogenesis remains unclear.

 Molecular Mimicry

There is growing evidence suggesting that molecular mim-
icry plays a key role in the generation of liver-specific auto-
antibodies. Molecular mimicry relies on the similarity of 
infectious agents with host antigens. Such similarity may 
lead to an inability of the host immune system to recognize 
the foreign antigen or it may lead to an autoreactive immune 
response by cross-reactivity. One well-described example 
for postinfectious autoimmunity is the acute rheumatic fever, 
which occurs after contact to antigenic epitopes of strepto-
coccus pyogenes. Sequence homologies between CYP2D6 
and HCV, the common viruses herpes simplex virus type 1 
(HSV1), cytomegalovirus (CMV), Epstein–Barr virus 
(EBV), and human adenovirus [32, 33] have been discov-
ered. In mice, AIH can be induced by an infection with an 
adenovirus carrying human CYP2D6 or FTCD [34]. Also 
cross-reactivity between HCV, SMA, and ANA were 
described [35]. According to the “multiple hit-theory,” in 
genetically predisposed patients multiple contacts to viruses 
might induce a cross-reactive subset of T-cells and permit a 
loss of immunological self-tolerance.

 Genetic Influences

AIH is a complex polygenetic disorder and does not follow a 
Mendelian pattern. Multiple genetic associations with the 
major histocompatibility complex (MHC) locus have been 
described. The MHC region is located on the short arm of 
chromosome 6 and encodes the human leukocyte antigens 
(HLA). In Caucasian Europeans and North Americans, HLA 
DRB1*0301 and DRB1*0401 are associated with a suscep-
tibility to AIH [35, 36]. The significance of this relation lies 
in the observation that most autoimmune diseases are T cell 
dependent and that T cell response is MHC restricted [37, 
38]. HLA alleles not only cause susceptibility to AIH but 
also seem to have influence on the course of the disease: 
patients with DRB1*0301 are younger at diagnosis and have 
a higher frequency of treatment failure. HLA B8 is associ-
ated with a more severe disease and HLA DRB1*0401 
develop other autoimmune diseases more often [36, 39]. 
Beyond that, genes outside the MHC might also contribute to 
autoimmunity, e.g., the cytotoxic T lymphocyte antigen 4 
(CTL4) and a number of SNPs of various genes including 
cytokines, vitamin D receptor, CD45, and Fas receptor.
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One well defined exception is AIH in the setting of the 
rare autoimmune polyendocrinopathy-candidiasis- 
ectodermal dystrophy (APECED). APECED is caused by a 
single- gene mutation on chromosome 21q22.3 which results 
in a defect autoimmune regulator (AIRE) protein. Patients 
with this autosomal recessive inherited disease suffer from 
multiple endocrine organ failure, mucocutaneous candidiasis 
and ectodermal dystrophy.

 Treatment

 Treatment Regimens

The outcome of untreated AIH can be fatal. 
Immunosuppression is the treatment of choice for AIH [40–
43]. Treatment goal is the normalization of ALT, AST, and 
IgG. The complete normalization is a prerequisite for avoid-
ing disease progression. Once remission is achieved, a main-
tenance therapy for at least 2 years with the lowest possible 
doses of immunosuppressive agents is the treatment of 
choice. It is eminently important to diagnose AIH in early 
stages of the disease to prevent the progression to severe 
fibrosis or cirrhosis. In fact, cirrhosis at presentation is a pre-
dictor for a poor outcome [2]. Around one third of adult 
patients already present with histological features of cirrho-
sis at diagnosis [2]. However, consequent treatment can lead 
to a certain regression of fibrosis [44] and only in a minority, 
a progress of fibrosis under treatment occurs. Those are 
mainly patients with treatment failure of corticosteroids.

Two strategies are equally effective in the treatment of 
AIH:

 1. Prednisone alone in a dose of 60 mg per day, or
 2. Prednisone in a lower dose (30 mg daily) in combination 

with azathioprine in a daily dose of 50 mg (or 1–2 mg/kg 
body weight) [43].

In patients without cirrhosis, in the combined regimen 
prednisone can be replaced by budesonide, a steroid with a 
low systemic effect due to a 90 % first pass effect. The start-
ing dose of budesonide is 9 mg/day. In adjunction to azathio-
prine it was capable to induce complete remission in 
non-cirrhotic patients while the rate of steroid related side 
effects was much lower than in the group treated with pred-
nisone and azathioprine [45].

For all three regimens, improvements in biochemical and 
histological signs of inflammation and an amelioration of 
symptoms were shown [40–42, 45]. It is evident that immu-
nosuppressive treatment of chronic active hepatitis improves 
the outcome and the 20-year life expectancy can be enhanced 
to 80 % [44]. After remission, prednisone can be tapered 
down to an individual dosage sufficient to maintain remis-

sion. It is important not to reduce doses before the goal of 
treatment is reached. An early titration is associated with a 
delayed histological improvement and with a prolonged dura-
tion of therapy [43]. Until the dose of 20 mg, weekly reduc-
tion of 10 mg is adequate, below the dose of 20 mg prednisone, 
reduction should not exceed 5 mg per week and at a daily 
dose of 10 mg, 2.5 mg should be reduced weekly until a daily 
dose of 5 mg. The advantage of the combined therapy regi-
men is the lower occurrence of steroid related side effects. 
Therefore, the combination of prednisone/budesonide and 
azathioprine is the preferred treatment [43]. In Europe, pred-
nisolone is preferred over prednisone. A single therapy with 
prednisone is appropriate for patients who are at high risk for 
azathioprine related adverse events. Those are patients with 
cytopenia, pregnant women or those planning a pregnancy, 
patients with malignancies and individuals with complete 
thiopurine methyltransferase deficiency. Furthermore, a sole 
therapy with prednisone is suggested when a short time of 
treatment is probable. Patients with increased risk for steroid 
related side effects should obtain the combined treatment. 
Those are postmenopausal females, patients with osteoporo-
sis, diabetes or brittle diabetes, obesity or hypertension and 
last but not least emotional instable individuals.

Independently from the used agent(s), treatment should 
be continued until remission, treatment failure, incomplete 
response or drug toxicity [43]. There is no scheduled mini-
mum or maximum duration of immunosuppressive treatment 
in AIH. It should rather be adapted to the individual course 
of disease.

Over the last decades it has become evident that an indi-
vidualized therapy is necessary for optimal treatment.

For example, it is unclear how to manage asymptomatic 
patients best. Asymptomatic patients are most often identi-
fied by incidental abnormal liver tests. They tend to be older 
than symptomatic patients, have a higher frequency of “prob-
able AIH” vs. “definite AIH” but show cirrhosis as often as 
symptomatic patients. Spontaneous remission is seldom in 
this group. It is not proven that the outcome of asymptomatic 
patients ameliorates when treated with corticosteroids and/or 
azathioprine. For instance, Fedl et al. reported similar prog-
nosis in treated and in untreated asymptomatic patients [2].

Also in elderlies, higher stages of fibrosis before treat-
ment than in younger individuals were reported, but this does 
not result in a higher frequency of definite cirrhosis. Elderly 
patients have a high percentage of remission [46], but, how-
ever, in one study, untreated elder patients had the same 
prognosis as younger and treated individuals. Thus, it is a 
matter of debate how to treat elderly patients properly.

Children generally do respond well to treatment but have 
cirrhosis in almost 50 % at presentation. They need long- 
term or even lifelong immunosuppressive treatment in most 
cases and despite that, they require liver transplantation in 
15 % before the age of 18 [47].
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In patients with end-stage disease without inflammatory 
activity, meaning inactive or “burned out” cirrhosis, a treat-
ment is not indicated and even can be harmful because of 
higher drug toxicity.

Finally, the clinical picture, treatment response and out-
come vary between ethnic groups. Black North Americans 
are younger and present more often with cirrhosis than white 
North Americans. Also, patients from South America, Africa 
and Asia have an earlier onset of the disease and are icteric in 
many cases.

 Adjunctive Therapies

In awareness of the patient’s individual risk, adjunctive ther-
apies should be applied to reduce treatment-related toxicity. 
Besides regular weight bearing exercise program, a supple-
mentation of vitamin D and calcium should be standard 
under therapy with steroids. For individual patients at high 
risk, the administration of bisphosphonates may be appropri-
ate. In general, people on long-term corticosteroid treatment 
should be monitored for bone disease [43].

Vaccination against HAV and HBV should be done in 
every patient with AIH, and if possible, before the initiation 
of immunosuppression.

 Treatment Related Side Effects

During corticosteroid therapy, in up to 80 %, distracting cos-
metic changes occur: weight gain, facial rounding, striae dis-
tensae, acne, alopecia, and facial hirsutism. More severe 
adverse effects include opportunistic infections, osteopenia 
and pathological fractures, brittle diabetes, labile hyperten-
sion, and psychosis. 13 % of premature drug withdrawal is 
attributed to steroid related side effects and nearly half results 
from intolerable cosmetic changes and obesity [48]. 
Azathioprine-related toxicity includes nausea and emesis, 
rash, cholestatic hepatitis, pancreatitis, cytopenia and con-
secutive opportunistic infections, and malignancies (1.4-fold 
greater risk than normal) [48, 49]. In total, 10 % of all 
azathioprine- treated patients suffer from side effects, and in 
5 % early adverse events lead to cessation of treatment. In 
many cases, a reduction of the dose is sufficient to manage 
the side effects. A rare complication is a diarrheal syndrome 
with malabsorption and small intestine villus atrophy that 
improves after discontinuation of azathioprine therapy [50].

At higher risk for adverse events in the treatment of AIH 
are:

 1. Patients with cirrhosis. They are more often affected than 
patients without cirrhosis. Moreover, pretreatment cyto-
penia due to hepatomegaly is common and thus, patients 

with cirrhosis are more susceptible for severe cytopenia 
due to azathioprine.

 2. Pregnant women. Congenital malformations after treat-
ment with azathioprine have been described in mice but 
not in humans. The major risk is prematurity and associ-
ated with this a higher mortality of the newborn. Fetal 
loss in women with AIH is higher than in healthy mothers 
but no greater than in women with other chronic illness. 
Nevertheless, only anecdotal experience is made with 
azathioprine during pregnancy, so it is advised to reduce 
or terminate immunosuppression where possible and to 
attempt preconception counseling [43].

 3. Patients with very low thiopurine methyltransferase 
activity (0.3–0.5 % of the population) have a higher risk 
for azathioprine related myelosuppression. Patients with 
a moderate reduction in thiopurine methyltransferase 
activity commonly tolerate daily doses of 50 mg fairly 
well and the enzyme activity may increase during treat-
ment [51]. Laboratory testing of the thiopurine methyl-
transferase activity is only recommended in case of 
pretreatment cytopenia, new developed cytopenia under 
treatment or high dose treatment (>150 mg/day) [48].

 Treatment Endpoints

Following treatment endpoints are distinguished: remission, 
treatment failure, incomplete response, drug toxicity.

Remission. The goal of immunosuppressive treatment in 
AIH is the normalization of liver transaminases, bilirubin 
and immunoglobulins, as well as the resolution of histologi-
cal signs of inflammation. The improvement of the objective 
parameters is accompanied by an amelioration of the symp-
toms. In adults, a decline in biochemical abnormalities is 
commonly reached in the first two weeks. Normalization of 
the named values can be expected in the first 12–24 months. 
Beyond that period, a complete remission is not likely 
 anymore. Preferably, a discontinuation of treatment should 
be considered after at least 24 months and at complete remis-
sion. 87 % of patients with long-term remission have normal 
liver tests and immunoglobulins. On the other hand, 60 % 
relapse despite of resolution of laboratory indices [52]. 
Indeed, histologically, interface hepatitis is described in 
more than half of the patients with normal laboratory results. 
These patients should not terminate treatment because of a 
high risk for relapse. In general, a liver biopsy is recom-
mended before immunosuppression is stopped.

Treatment failure. A treatment failure is assumed if under 
an adequate treatment with corticosteroids with or without 
azathioprine (and under the precondition that the patient is 
compliant) the symptoms and the laboratory and histological 
features worsen. Unfortunately, this happens in around 9 % 
and can be noticed after 3–6 weeks of treatment. In that case, 
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a high dose therapy with prednisone (60 mg) or prednisone 
(30 mg) in combination with azathioprine 150 mg should be 
established and maintained for at least 1 month [43]. This 
strategy results in an improvement of disease activity in 70 % 
but in a histological remission of only 20 % [53]. Patients 
with treatment failure must be followed closely to recognize 
the development of cirrhosis respectively the complications 
of cirrhosis. Once a patient presents with hepatic encepha-
lopathy, ascites or variceal bleeding, a liver transplantation 
must be considered.

Incomplete response. Incomplete response means that the 
patient experiences an improvement but no resolution of the 
elevated biochemical indices and the histology features 
under treatment. In these individuals the treatment dose of 
prednisone may be reduced until the lowest possible level 
where the aminotransferases remain stable. Azathioprine can 
also be used to establish stable inflammation parameters.

Drug toxicity. If intolerable adverse effects occur, the 
treatment must be discontinued or better reduced in dose 
until side effects diminish or are tolerable.

Relapse. Relapse means a recurrence of inflammatory 
activity after complete remission and consecutive cessation 
of treatment. About 80 % of all patients in remission will 
experience a relapse, so it is a very prevalent event. The man-
agement of the relapse should be in first line to reestablish 
the treatment with prednisone with or without azathioprine. 
The goal is to gradually reduce and finally to eliminate 
Prednisone and to increase the dose of azathioprine to 2 mg/
kg daily as an indefinite treatment. With this regimen 83 % 
stay in remission [54].

 Salvage Therapies

If treatment failure occurs under high-dose prednisone therapy 
or 30 mg prednisone in conjunction with 150 mg azathioprine, 
alternative treatment regimens have to be considered. Most 
alternative drugs have been used anecdotally, and thus, experi-
ence is small. The most promising agent is mycophenolate 
mofetil [55]. The following agents have also been used for 
salvage therapy: Cyclosporine, tacrolimus, ursodeoxycholic 
acid, budesonide, 6-mercaptopurine, methotrexate, and cyclo-
phosphamide. Budesonide and ursodeoxycholic acid were 
tested in randomized controlled clinic trials and failed as an 
option for salvage therapy [56, 57] which is no surprise.

Last but not least, liver transplantation is a very effective 
salvage therapy. Liver transplantation comes into question 
for patients with (1) acute liver failure, (2) decompensated 
liver cirrhosis and a MELD-score ≥15, and (3) HCC (within 
the Milano criteria). The 5-year survival rates after liver 
transplantation is approximately 78 % [58]. Importantly, a 
recurrence of AIH in the transplanted organ happens in 
approximately one-third of the patients [58, 59].
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Primary Sclerosing Cholangitis

Roger W. Chapman and Kate D. Williamson

 Introduction

Primary sclerosing cholangitis (PSC) is a chronic and pro-
gressive disease of the biliary tree characterized by concen-
tric, obliterative fibrosis leading to bile duct stricturing and 
eventually cirrhosis in the majority of cases. The disease 
course is highly variable between individuals, but most 
symptomatic patients reach the combined end-point of death 
or liver transplantation 12–17 years following their diagno-
sis [1]. Approximately 10–15 % of PSC patients will develop 
cholangiocarcinoma. Although the underlying etiopathogen-
esis of PSC is not yet fully elucidated, it is generally accepted 
to be a condition of immune dysregulation.

Approximately three quarters of the Northern European 
PSC population have concomitant inflammatory bowel dis-
ease (IBD), with the predominant form of IBD being ulcer-
ative colitis (UC). In 1874, only 7 years after PSC was 
defined, CH Thomas first recognized this association when 
he described a man who died of a “much enlarged, fatty liver 
in the presence of ulceration of the colon” [2].

Caring for the PSC patient presents a number of chal-
lenges—unfortunately medical therapy remains controversial 
and the only intervention with proven survival benefit is liver 
transplantation. Not only is the diagnostic workup and man-
agement of PSC complex, but also the treatment of associated 
conditions such as IBD and cholangiocarcinoma requires 
expertise that bridges the ever growling divide between hepa-
tology, luminal gastroenterology, and endoscopy.

 Epidemiology and Clinical Features

 Epidemiology

The insidious and slow progression of PSC has made it dif-
ficult to obtain accurate data for the true incidence and prev-
alence of this condition.

A recent study of a population of approximately 1.5 mil-
lion adults from the Vastra Gotaland region in southern 
Sweden found a prevalence of 16.2/100,000 and incidence of 
1.22/100,000 [3]. This is significantly higher than earlier 
studies in Northern European descendants that demonstrated 
the point prevalence and annual incidence of PSC to be 
approximately 9/100,000 and 0.9–1.3/100,000 years respec-
tively. Similar figures to these lower rates have been demon-
strated in a number of population-based studies across 
Canada, Norway, and Great Britain [4–7]. In the USA, the 
prevalence has been extrapolated to be 2–7 cases per 100,000 
using an assumption that 2.5–7.5 % of the 40–225/100,000 
ulcerative colitis patients. This, however, results is an under-
estimate of the true prevalence, as 20–30 % of patients with 
PSC have no associated inflammatory bowel disease. Indeed, 
a study from a population in Olmstead County, MN in the 
USA estimated a prevalence of 20.9 per 100,000 men and 6.3 
per 100,000 women [8].

In addition to the recent Swedish study, data from Spain 
has also suggested that the incidence of PSC may be increas-
ing [9]. Additionally, a change in disease presentation has 
been observed over time based on a recent study by 
Bergquist et al. [10]. This study compared the presentation 
of patients diagnosed with PSC prior to 1998 (n = 185) with 
those diagnosed after 1998 (n = 61). Patients diagnosed after 
1998 were significantly older (41 vs. 37 years), had fewer 
symptoms at presentation (47 % vs. 63 %), and had a lower 
frequency of concurrent IBD (69 % vs. 82 %). It is likely 
these apparent historical changes reflect a higher capture of 
incident and prevalent cases through improved clinician 
awareness and greater use of diagnostic imaging modalities 
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such as MRCP. Higher rates of liver transplantation among 
prevalent cases (ascertainment bias) may have also contrib-
uted to this change.

For as yet unexplained reasons, the reported prevalence 
of PSC in South East Asia and Southern Europe is 10- to 
100- fold less than that of Europe and America [11].

 Risk Factors

The median age of onset of PSC is 30–40 years but the disease 
can present at any age. Interestingly, unlike most immune 
mediated diseases, two thirds of PSC patients are male. 
Siblings of PSC patients have a 1.5 % risk of developing PSC 
and there is a 0.7 % risk in first-degree relatives [12].

Cigarette smoking has long been recognized as a protec-
tive factor against the development of ulcerative colitis. 
Additionally, smoking may also protect against the develop-
ment of PSC [13–16]. This protective effect is even more 
marked in patients with primary sclerosing cholangitis than 
ulcerative colitis and has also been observed in PSC patients 
who do not have concomitant inflammatory bowel disease. 
The mechanism by which smoking protects against both dis-
orders is unknown and trials of nicotine therapy have shown 
no benefit in altering disease progression. Interestingly, a 
recent study has shown that PSC patients with Crohn’s coli-
tis also have a lower prevalence of smoking in contrast to 
Crohn’s colitis patients without PSC, in whom the preva-
lence of smoking is increased [15, 17].

 Etiopathogenesis

In 1991, a PSC review article in GUT hypothesized that 
PSC is an “Immunologically mediated disease, probably 
triggered by acquired toxic or infectious agents that may 
gain access through the colon” [1]. Although current 
understanding continues to support this, the etiology and 
pathogenesis of PSC are not yet fully elucidated. Indeed 
it is likely that a combination of mechanisms result in 
the development of PSC. Autoimmunity is very likely to 
play a major role as supported by the strong human spe-
cific leukocyte antigen (HLA) haplotype association in 
PSC, high frequency of other autoimmune diseases such 

as rheumatoid arthritis, high prevalence of autoantibod-
ies in patient sera, and the link with inflammatory bowel 
disease [18].

 Genetics Factors Predisposing to PSC

The importance of genetic risk in the development of PSC is 
highlighted by the fact that siblings of PSC patients are 9–39 
times more likely to develop PSC than the general population 
[19]. Additionally, irrespective of whether they develop 
PSC, siblings have three times the incidence of IBD com-
pared with the general population, suggesting a shared 
genetic susceptibility for PSC and IBD.

The major histocompatibility complex on the short arm 
of chromosome 6 encodes the human leukocyte antigen 
(HLA) molecules. These molecules are highly polymor-
phic and play a central role in T cell response. As early as 
1982 the HLA complex was demonstrated to be a risk 
locus for PSC [20]. This study demonstrated an associa-
tion between PSC and HLA-B8 and DR3. HLA-DR2 and 
DR6 are also associated with PSC whereas HLA DR4 may 
be protective (Table 52.1). Considering their role in anti-
gen presentation, these HLA associations support the 
hypothesis that specific (auto-)antigens may be pathoge-
netically important in PSC.

HLA-B and -C play an additional role as ligands for killer 
immunoglobulin-like receptors on natural killer cells and 
some T cell subtypes. More recent data suggests that gene 
variants may impair these functions and subsequently protect 
against PSC [22]. This is supported by the fact that these 
protective variants are less commonly found in Northern 
European populations where PSC is most prevalent.

Not surprisingly, a recent Genome Wide Association 
Study (GWAS) of 285 Norwegian PSC patients found strong 
associations in the HLA complex [23]. There are also other 
genes outside the HLA region that may play a role in the 
pathogenesis of PSC. 15 previously established susceptibil-
ity loci for UC were evaluated in this GWAS study but only 
2 of these (chromosome 3p21, chromosome 2q35) showed 
any significant association in PSC (Fig. 52.1).

This limited overlap in genetic susceptibility supports 
data from clinical trials that suggests IBD in association 
with PSC may represent its own disease phenotype. PSC 

Table 52.1 Key HLA haplotypes associated with primary sclerosing cholangitis (PSC) [21]

Haplotype Significance in PSC

B8-TNF*2-DRB3*0101-DRB1*0301-DQA1*0501-DQB1*0201 Strong association with disease susceptibility

DRB3*0101-DRB1*1301- DQA1*0103-DQB1*0603 Strong association with disease susceptibility

DRB5*0101-DRB1*1501- DQA1*0102-DQB1*0602 Weak association with disease susceptibility

DRB4*0103-DRB1*0401-DQA1*03-DQB1*0302 Strong association with protection against disease

MICA*008 Strong association with disease susceptibility
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patients also possess a higher prevalence of the FUT2 
gene. FUT2 secretor status and genotype is important in 
determining the biliary microbial composition (“the 
biome”) in PSC [25].

 Autoantibodies

Although autoantigens such as smooth muscle antibodies, 
antinuclear antibodies, and antineutrophil cytoplasmic anti-
bodies (p-ANCA) are often detected in patient serum, none 
of these are specific to PSC. The prevalence of p-ANCA 
approaches 88 % in some studies but it is also found in 
patients with UC alone (60–87 %), in patients with type I 
autoimmune hepatitis (50–96 %) and primary biliary cirrho-
sis (PBC) [18, 26, 27]. Given this lack of specificity it is 
unlikely pANCA is involved directly in the pathogenesis of 
PSC and it is not a useful screening test.

 Pathogenesis

One hypothesis to explain the association between IBD and 
liver disease is that PSC is mediated by long-lived memory 
T cells derived from the inflamed gut that enter the enterohe-
patic circulation [28]. Aberrant expression of chemokines 
and adhesion molecules on liver endothelial cells may cause 
recruitment of these T cells in turn leading to biliary inflam-
mation, fibrosis, and bile duct stricturing.

In support of this, patients with PSC have been demon-
strated to aberrantly express adhesion molecules including 

vascular adhesion protein-1 (VAP-1) and mucosal addressin 

cell adhesion molecule-1 (MAdCAM1) on biliary epithelium 
[29]. Additionally, the chemokine CCL25, ordinarily confined 
to the gut, is upregulated in the liver in PSC, helping recruit 
CCR9+ T cells. The mechanisms that lead to aberrant expres-
sion of adhesion molecules remain unknown but it may be that 
in genetically susceptible individuals, bacterial antigens, aris-
ing from a “leaky gut” from the inflamed colon, act as molecu-
lar mimics and cause an immune reaction responsible for 
initiating PSC. It is possible that specific colonic bacterial spe-
cies are associated with development of PSC/IBD.

Fickert et al. recently proposed that a process similar to 
arteriosclerosis may also play a role in the pathogenesis of 
PSC [30]. Work with multidrug resistance knockout mice 
(Mdr2−/−) that are unable to produce phospholipids, sug-
gests a subsequent inability to form mixed micelles (bile 
acids/phospholipids/cholesterol) results in accumulation of 
hepatotoxic bile acids and cholesterol-supersatured bile. 
Support for this theory in humans is however lacking. 
Genetic studies of the human ortholog of Mdr2 (MDR3) 
have not demonstrated any association between MDR3 
genetic variants and susceptibility to PSC.

 Clinical Features

The clinical presentation of PSC is variable and typical symp-
toms are nonspecific including right upper quadrant abdominal 
pain, fatigue, and pruritus. Up to 55 % of patients are asymp-
tomatic at the time of presentation [7]. It is rare for patients with 
PSC to present with cholangitis unless they have previously had 
biliary intervention or have a dominant stricture [31, 32]. 
Similarly, presentation with jaundice is uncommon and may 
herald the development of cholangiocarcinoma. Osteopenic 
bone disease is both a complication of advanced PSC and 
IBD. Steatorrhea and malabsorption of fat soluble vitamins only 
occurs after prolonged cholestasis with jaundice.

Few patients present with features of decompensated cir-
rhosis and portal hypertension such as ascites and variceal 
hemorrhage. Nevertheless, hepatomegaly and splenomegaly 
are the most frequent abnormal physical findings at clinical 
examination at the time of diagnosis in PSC.

 Diagnosis of PSC

 Laboratory Investigations

Discovery of elevated cholestatic liver biochemistries (alka-
line phosphatase and gamma GT) in an asymptomatic IBD 
patient should always prompt consideration of the diagnosis 
of PSC. Blood tests typically fluctuate over time and at times 
may even return completely to normal. Autoantibody tests 
are of little diagnostic significance. IgM concentrations are 

increased in about 50 % of patients with advanced PSC.

PSC
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NOD2, IRGM

ATG16L1, HLA ++
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IBD
IL23R, 1q32,
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10q21, STAT3 ++

2q35
(TGR5?)

13q31 (GPC5/6?)
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Fig. 52.1 With permission from Karlsen [24]
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Serum IgG4 levels should be measured in all patients with 
suspected PSC. They are elevated in about 9 % of patients and 
are associated with a worse outcome [33] (see Section Histology).

 Radiological Features

The first imaging modality recommended in the workup for a 
patient with cholestatic LFTS is a transabdominal ultrasound 
but in the vast majority of PSC patients, this will be nondiagnos-
tic (Fig. 52.2). Usually, a diagnosis of PSC is made when chol-
angiography (MRCP or endoscopic retrograde pancreatography 
(ERCP)) demonstrates characteristic bile duct changes of multi-
focal stricturing and segmental dilatations, causing a “beaded 
appearance,” in the absence of a secondary cause (Fig. 52.3).

Patients with small duct PSC have normal cholangio-
graphic findings—this subgroup, who share similar biochemi-
cal and clinical features to large duct PSC, are instead 
diagnosed when histological changes of PSC are demonstrated 
on liver biopsy [35] (see Section Laboratory investigations).

Magnetic resonance cholangiopancreatography (MRCP) is 
now the investigation of choice over endoscopic retrograde 
cholangiopancreatography (ERCP). MRCP is noninvasive, 
does not involve radiation, avoids ERCP complications such 
as pancreatitis and is comparable to ERCP for diagnosis of 
PSC with good interobserver agreement [36, 37]. ERCP may 
still have a place in patients where the diagnosis remains 
uncertain after MRCP and is most useful for imaging subtle 
abnormalities in the intrahepatic biliary tree. As yet, there is no 
data on the utility of CT cholangiography for PSC diagnosis.

 Histology

When radiological findings support the diagnosis of PSC, his-
tological examination of the liver is not required to confirm 
this and only exposes patients to unnecessary morbidity.

Histology is diagnostic in only one third of PSC patients, 
although in another third there may be findings suggestive of 
biliary disease. The characteristic early biopsy findings of 
PSC are inflammation with periductal “onion-skin” fibrosis, 
portal edema, and bile ductular proliferation resulting in 
expansion of portal tracts (Fig. 52.4). With disease progres-
sion, bridging fibrosis eventually leads to cirrhosis. The focal 
nature of both early and late changes in PSC can make “stag-
ing” liver biopsies unreliable [38].

 Secondary Sclerosing Cholangitis

When a diagnosis of PSC is suggested by imaging and histology, 
there are a number of causes of secondary sclerosing cholangitis 
(SSC) that must be considered (Table 52.2). At times, it can be 
very difficult to distinguish these from PSC, particularly in PSC 
patients who have coexisting pathology such as choledocholithia-
sis. In these patients, the clinical history, presence of IBD, and 
distribution of cholangiographic abnormalities are most helpful in 
identifying the predominant disease process [39]. It is particularly 
important to exclude IgG4-related sclerosing cholangitis.

 Special Patient Populations

 Small Duct PSC

Small duct PSC is normally diagnosed in the patients with 
IBD who have cholestatic serum biochemistry with a normal 
cholangiogram, but it may occur in patients without IBD. It 
is characterized by histological changes on liver biopsy char-
acteristic of PSC. It occurs in approximately 10 % of the PSC 
population [40–42]. A recent study from the Calgary health 
region in Canada has shown an incidence of small duct PSC 
as 0.15/100,000. In children the incidence rate was 
0.23/100,000 compared with 1.11/100,000 in adults [7].

Cholestatic Biochemical Profile

Ultrasound, AMA
(non-diagnostic)

MRCP

Non-diagnosticDiagnostic of
Large Duct PSC

ERC

Normal Diagnosis of
Large Duct PSC

Normal

Liver Biopsy for
Diagnosis of small

Duct PSC

Fig. 52.2 Diagnostic workup for cholestatic liver 
biochemistry [34]
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Small duct PSC typically runs a milder course than large 
duct disease with a reduced likelihood of progression to cir-
rhosis and with a significantly improved survival compared 
with large duct disease. To date there have been no reports of 
cholangiocarcinoma in the small duct PSC patient popula-
tion [43, 44]. Approximately one quarter of small duct PSC 
patients will subsequently develop large duct disease over a 
period of 10 years [43–47].

 Autoimmune Hepatitis and PSC

Various studies suggest that between 1.4 % and 8 % of PSC 
patients have coexisting autoimmune liver disease (AIH)—
recently defined as PSC-AIH syndrome [48–51]. PSC-AIH 
is more commonly found in children and young adults and 
characterized by clinical, biochemical, and histological fea-
tures of AIH in the presence of cholangiographic findings 

Fig. 52.3 MRCP appearance of PSC

Fig. 52.4 Typical liver histological changes in PSC
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identical to PSC [44, 46, 52–55]. PSC-AIH should be con-
sidered if the aminotransferase level is elevated more than 
twice the upper limit of normal and the serum IgG. Rarely, 
AIH features can develop in patients with established PSC. A 
liver biopsy should always be performed in these patients to 
confirm the diagnosis before treating with immunosuppres-
sants. Immunosuppression is only helpful in improving dis-
ease progression in this selected group [56–59].

 IgG4 Associated Cholangitis

Elevated IgG4 serum levels were first reported more than 10 
years ago in patients with autoimmune pancreatitis (AIP) 
[60]. These patients commonly have associated intra- and 
extrahepatic biliary stricturing that may mimic PSC. In 2004, 
a Japanese case series found a subset of PSC patients had a 
significant infiltrate of IgG4-positive plasma cells isolated to 
the biliary tree (in the absence of any pancreatic abnormal-
ity) [61]. This group is now recognized to represent a distinct 
clinical entity that, like autoimmune pancreatitis may be 
responsive to immunosuppression. The term IgG4-related 
sclerosing cholangitis is used to encompass both this patient 
group and those patients who have biliary pathology in asso-
ciation with autoimmune pancreatitis [34].

Recent retrospective studies have found elevated serum IgG4 
levels in 9–12 % of PSC patients with levels up to twice the 
upper limit of the normal range [33, 62]. IgG4 positive PSC 
patients have a reduced incidence of IBD and a more severe dis-
ease course when compared with patients who are negative [33].

A recent reevaluation of 98 consecutive liver transplants 
for patients originally diagnosed with PSC, found that 23 
(23 %) of explanted livers stained positive for IgG4. Serum 
IgG4 levels were elevated in 18 of these patients. Tissue 
IgG4 positivity was associated with a more aggressive 

clinical course manifested by shorter time to transplant and 
a higher likelihood of disease recurrence after liver trans-
plantation [63].

The important clinical implications and potential benefit 
of immunosuppression in this patient group make it impera-
tive that IgG4 cholangitis is recognized and serum IgG4 lev-
els should be checked in all PSC patients. It is now established 
that IgG4 disease is a distinct disease entity from PSC 
patients with and without elevated IgG4 levels [64].

 Inflammatory Bowel Disease and PSC

 Epidemiology

There is a strong association between IBD and PSC. In 
patient series from Northern Europe and North America, the 
prevalence of IBD in people with PSC ranges between 60 
and 80 % [65–67]. There are, however, significant geographi-
cal variations in the reported prevalence of IBD in PSC with 
a much weaker association found in certain countries 
(Table 52.3). This discrepancy may partly be explained 
because studies reporting a weaker association often only 
used sigmoidoscopy (and/or no biopsies) subsequently miss-
ing a significant proportion of colitis, which may be right 
sided and microscopic in PSC patients.

 IBD in PSC Patients

The predominant form of IBD is ulcerative colitis (UC) with 
approximately 85 % of IBD/PSC patients affected [67, 74]. 
IBD can be diagnosed at any time in patients with PSC but 
most commonly the diagnosis predates PSC by several years 
[66, 74, 75]. Interestingly, even patients who have received 
liver transplantation for PSC continue to be at increased risk 
of developing IBD [76].

All patients with a new diagnosis of PSC should have a 
full colonoscopy with biopsies, regardless of the presence of 
gastrointestinal symptoms to evaluate for IBD [34]. Because 
asymptomatic colitis and rectosigmoid sparing are common 

Table 52.2 Secondary causes of sclerosing cholangitis

Cholangiocarcinoma
Choledocholithiasis (with sepsis)
Diffuse intrahepatic metastasis
Chemotherapy (e.g., FUDR)
Biliary infections—CMV and immunodeficiency
 • Cryptosporidium and immunodeficiency
 • Ascariasis
 • Ascending cholangitis
Eosinophilic cholangitis
Hepatic inflammatory pseudotumor
Histocytosis X
IgG4-related cholangitis
Ischemic cholangitis
Mast cell cholangiopathy
Portal hypertensive biliopathy
Recurrent pancreatitis
Surgical biliary trauma

AIDS cholangiopathy

Table 52.3 Prevalence of IBD in PSC patients

Country Number of pts IBD (%) UC Crohn’s

Norway [68] 77 96 74 14

Sweden [65] 305 81 72

UK [69] 126 73 71

US [70] 174 71

Italy [71] 117 54 36 10

Spain [9] 43 46 44  2

India [72] 18 50

Japan [73] 388 37
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features in IBD/PSC, a flexible sigmoidoscopy is insufficient 
for screening. It is unclear whether interval endoscopies 
should be performed if a patient remains symptom free fol-
lowing a colonoscopy with normal colonic histology. Some 
clinicians advocate repeat endoscopy every 5 years.

It is likely that PSC/UC represents a distinct UC genotype 
and phenotype [74]. The natural history of UC in patients with 
PSC has a more benign course than in those patients with UC 
alone despite the fact that the disease usually involves the 
whole colon [77]. Common features in the PSC/IBD group 
include: rectal sparing (52 % versus 6 %), backwash ileitis 
(51 % versus 7 %), and an increased prevalence of pouchitis 
(following colectomy and ileo-anal pouch formation). The 
reason for increased rates of pouchitis is unknown (Table 52.4).

Early small, uncontrolled series suggested that PSC/Crohn’s 
typically manifests as extensive colitis and also that isolated small 
bowel Crohn’s is not associated with PSC [67, 82]. A recent case-
controlled study specifically examined the course of Crohn’s dis-
ease in 39 patients with PSC/Crohn’s compared with Crohn’s 
patients without PSC. The study confirmed that isolated ileal dis-
ease is rare (6 % vs. 31 %). Interestingly, unlike PSC/UC, the two 
groups followed similar disease courses, as judged by the need for 
surgical intervention or significant medical therapy (defined as 
requiring biological therapy with TNFα antagonists or greater than 
5 courses of corticosteroids). The PSC/Crohn’s patients were more 
likely to be female than PSC/UC patients (50 % vs. 28 %) and were 
more likely to have small duct PSC. Interestingly, they were less 
likely to progress to cancer, liver transplantation and death [17].

 PSC in IBD Patients

The true prevalence of PSC within the IBD patient popula-
tion is unknown because until recently, accurate data have 
required invasive cholangiography to be carried out on 
unselected patient groups and PSC patients may have normal 
liver biochemistry. Work underway using noninvasive MRCP 
will hopefully provide this data in the near future. Available 
evidence suggests that approximately 5 % of UC patients 

have coexisting PSC although this is likely to be an underes-
timate [83]. This data comes from three major studies 
(Table 52.5). The largest of these, found that 5 % of a cohort 
of 1500 UC patients had elevated alkaline phosphatase lev-
els, and in those who subsequently underwent ERCP, 85 % 
had evidence of PSC [4].

The prevalence of PSC in Crohn’s disease is significantly 
less than that of UC, with an estimated percentage of 3–4 % 
of patients affected [82]. Typically these patients have either 
ileo-colonic or extensive colonic Crohn’s disease.

Both the development of PSC and its outcome are inde-
pendent of the activity of colitis. It may even occur after 
proctocolectomy. Interestingly, however, colectomy prior to 
transplantation for PSC is protective against the develop-
ment of PSC in the transplanted liver in male patients [86].

 PSC and Malignancy

Patients with PSC have a high rate of malignancy and cur-
rently more patients die of malignancy than end-stage liver 
failure (Table 52.6) [87]. The reason for the high rate of 
malignancy is probably explained by chronic inflammation 
in the biliary system and the colon, although whether PSC 
patients have a particular genetic susceptibility to develop 
cancer is unclear.

 Colorectal Cancer

The increased risk of colorectal cancer (CRC) in ulcerative 
colitis compared with the general population is well estab-

Table 52.4 Clinical characteristics of IBD associated with PSC

Characteristic UC UC/PSC

Extend of colitis 54 % (pancolitis) 87 % pancolitis [74]

Rectal sparing  6 % 52 % [74]

Backwash ileitis  7 % 51 % [74]

Pouchitis (following colectomy and 
ileo-anal pouch formation)

15 % 60 % [78]

Disease course Typically mild, quiescent [77]

Dysplasia and cancer RR 4 [79–81]
Particularly right sided cancer

Other Increased risk of peristomal varices in pts 
undergoing proctocolectomy with ileostomy

Table 52.5 Prevalence of PSC in patients with UC

Country of origin Number of pts with UC
Percentage with 
PSC

Oxford, UK [84]  681 2.9

Oslo, Norway [85]  336 4

Stockholm, Sweden [4] 1500 3.7
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lished [79, 88–91]. Based on a meta-analysis of 11 studies, in 
UC patients with coexisting PSC this risk is elevated five 
times higher again (OR of 4.79 (95 % CI 3.58–6.41)). This 
risk increases with time and continues even after liver trans-
plantation [80, 92] (Fig. 52.5).

Although CRC can present at any time in the disease 
course, the median time from diagnosis of colitis to develop-
ment of colorectal cancer is 17 years [94]. Interestingly, the 
majority of these cancers (76 %) are right sided [79]. It has 
been proposed that this right-sided predominance may result 
from a carcinogenic effect of increased cecal concentrations 
of secondary bile acids such as lithocholic acid [88].

Considering the absolute risk for colonic dysplasia or 
cancer in PSC/UC approaches 31 % after 20 years of coli-
tis [95] it is understandable that guidelines recommend 
1–2 year interval colonoscopies with biopsies from the 
time of diagnosis of PSC/IBD. Patients with Crohn’s/PSC 
are included in this recommendation, although a recent 
study has shown a low prevalence of dysplasia and cancer 
in the PSC patients with associated Crohn’s colitis com-
pared to PSC/UC [96]. This was not confirmed in a 
Swedish cohort [97].

Ursodeoxycholic acid (UDCA) treatment in patients with 
PSC and UC may decrease the risk of colorectal dysplasia 
and colorectal cancer [98, 99] (see Section Cholangitis).

In patients who develop PSC-associated colorectal malig-
nancy, proctocolectomy with ileo-anal pouch formation is 
the preferred surgical management as it avoids )the compli-
cation of peristomal varices in patients with an ileal stoma.

 Cholangiocarcinoma

Cholangiocarcinoma complicates the clinical course of PSC 
in 10–20 % of patients, with an annual incidence (starting 1 
year after diagnosis of PSC) of 0.5–1.5 % [65, 100–103]. 
Male gender, smoking and a long history of IBD were identi-
fied as risk factors for CCA in a case-controlled review of 39 
PSC patients presenting with CCA [104].

One third of patients who develop CCA are diagnosed 
within 1 year of the diagnosis of their PSC. The likely expla-
nation for this is that the development of symptomatic 
 cholangiocarcinoma brings a number of patients with previ-
ously unrecognized PSC to medical attention.

The diagnosis of CCA can be challenging in PSC patients 
and early detection is difficult. Often patients with CCA are 
asymptomatic and when symptoms develop they are nonspe-
cific, typically indicate metastatic disease and mimic PSC 
disease progression [105]. Worsening jaundice/bilirubin lev-
els, pruritus, weight loss, and abdominal pain in any PSC 
patient should always prompt evaluation for 
CCA. Unfortunately, computed tomography (CT), ultraso-
nography (US), and MRCP have poor sensitivity for early 
detection of CCA [106]. Annual MRCP has been advocated 
as a surveillance method for CCA in patients with large duct 
PSC, but there is no evidence to support this approach.

Tumor markers play a limited role in the early detection of 
CCA [34, 103, 107–110]. Using a cut-off level for 
Carbohydrate Antigen 19-9 (CA19-9) of 130U/ml (normal 
<55), the sensitivity and specificity is 79 % and 98 % 

Table 52.6 Standard incidence ration for first cancer after diagnosis of PSC including and excluding first year after diagnosis of PSC [87]

Site of cancer Observed Expected
Standard incidence 
ratio

95 % confidence 
interval Excluding

All sites 87 14.3 6.1 (4.9–7.5)

All sites excluding colorectal 
and hepatobiliary carcinoma

16 11.8 1.4 (0.8–2.2)

All gastrointestinal cancers 71 2.5 28.6 (22.4–36.1)

Esophagus 0 0.1 0.0 (0–30.5)

Stomach 1 0.4 2.2 (0.1–12.5)

Small intestine 0 0.1 0.0 (0–50.5)

Colon–rectum 12 1.2 10.3 (5.3–18.1)

Hepatobiliary tract 53 0.3 160.6 (120.3–210.1)

Pancreas 5 0.3 14.3 (4.7–33.4)

Esophagus 0 0.1 0.0 (0–34.2) First year

Stomach 1 0.4 2.5 (0.1–14.1) First year

Small intestine 0 0.1 0.0 (0–56.8) First year

Colon–rectum 7 1.0 6.8 (2.7–14.0) First year

Hepatobiliary tract 31 0.3 106.9 (72.6–151.7) First year

Pancreas 3 0.3 9.7 (2.0–28.4) First year
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respectively [108]. CA19-9 can be elevated in benign biliary 
disease as well as other malignancies including pancreas, 
colon, stomach, and gynecological cancers. It is important to 
note that 7 % of the general population (those negative for 
Lewis antigen) will not produce CA 19-9 regardless of their 
CCA status. Generally, CA 19-9 has only been useful to iden-
tify patients with advanced, unresectable CCA and has no 
role in cancer surveillance in PSC. Elevated levels of serum 
trypsinogen- 2 were reported to represent an early marker of 
CCA, but this needs confirmation in a larger study [111].

CCA can develop in any part of the biliary tree. Perihilar 
CCAs (the so-called Klatskin tumors) are the most common 
tumor site. These are typically infiltrating, desmoplastic 
tumors. Mass lesions in the liver make up about 20 % of can-
cers and distal CBD tumors are uncommon (<10 %) [112].

The discovery of a dominant peripheral stricture on imag-
ing presents a significant diagnostic challenge (Fig. 52.6). 
The majority of these strictures will be benign. It is uncom-
mon for a coexisting mass to be identified, but if found, this 
has a virtually 100 % sensitivity and specificity for CCA 

Fig. 52.5 Risk of colonic neoplasia in PSC [93]
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(brushing for conventional cytology,
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on MR imaging
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appering structure
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Management of CCA
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(e.g. suspicious cytology)
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Observation
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Fig. 52.6 Workup for clinical suspicion of CCA
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[103]. In a recent retrospective study of 89 patients with 
dominant strictures, MRCP was found to be superior to 
ERCP for the diagnosis of CCA with a sensitivity, specificity 
and accuracy of 96 %, 85 %, 81 % compared with 80 %, 
75 %, and 78 % respectively [113]. One advantage of ERCP, 
however, is that it does allow acquisition of cytological spec-
imens using brushings. It is also important to exclude IgG4-
related disease in this patient group, as it may mimic PSC 
and CCA on cholangiography.

Conventional brush cytology specimens obtained through 
ERCP have poor sensitivity, 18–40 % [103, 110, 114–116]. 
However, when positive, the specificity approaches 100 %. 
New diagnostic modalities such as direct image analysis 
(DIA) and fluorescent in situ hybridization (FISH) have been 
employed in attempts to increase diagnostic yield on cyto-
logical specimens. Early studies indicated a significant 
improvement in sensitivity [115], but more recently this has 
been brought into question with the most recent study using 
FISH polysomy demonstrating a sensitivity of 46 %, only 
slightly higher than cytology alone [117].

Distinguishing PSC and CCA by direct visualization of 
the biliary tree with techniques such as endoscopic intra-
ductal US and cholangioscopy is promising. A recent 
study reported a sensitivity of 92 % and specificity of 
93 % for diagnosing malignant strictures compared to 
66 % and 51 % respectively using ERCP alone [118]. 
However, these techniques have not yet been tested in 
large patient populations. PET is not helpful to distinguish 
PSC from CCA [119].

Unfortunately, the prognosis for CCA is poor. The median 
survival is 5–11 months [101, 120, 121]. Most patients are 
treated palliatively. Even with surgical resection, the 3-year 
survival is <30 % [122, 123]. The Mayo Clinic in the USA 
has pioneered the use neoadjuvant chemoradiotherapy, fol-
lowed by liver transplantation in highly selected patients 
with nonmetastatic cancers of less than 3 cm in diameter. 
This approach in this highly selected group, has achieved 
remarkable 5-year survival rates of up to 82 % [124, 125].

 Gallbladder and Pancreatic Cancer

PSC is recognized as a major risk factor for gallbladder car-
cinoma. In a study examining 286 patients with PSC, 18 
(6 %) of patients were found to have gallbladder mass lesions 
of which 10 were gallbladder cancer [126]. Guidelines 
 recommend annual US surveillance, and that cholecystec-
tomy should be performed for any mass lesion (such as pol-
yps) identified regardless of size.

One study has suggested that the risk of pancreatic carci-
nomas may also be increased in PSC. This remains to be 
confirmed [87].

 Nonmalignant Complications of PSC 
and Their Management

 Dominant Strictures

Due to an absence of population-based studies, the exact 
prevalence of dominant strictures is unknown but estimated 
to occur in approximately 10–58 % of PSC patients during 
follow-up [71, 127, 128]. The majority of these strictures are 
benign, but their discovery should always prompt consider-
ation of a CCA (see Section IBD in PSC patients). Dominant 
strictures are associated with bacterial cholangitis as well as 
biliary stones.

Patients with symptoms from dominant strictures such as 
cholangitis, jaundice, pruritus, right upper quadrant pain or 
worsening biochemical indices are appropriate candidates 
for therapy. ERCP with sphincterotomy and balloon dilata-
tion (with prophylactic pre-procedural antibiotics) has the 
best evidence of benefit [129–134]. Stenting should be 
reserved for strictures that are refractory to repeat dilatation. 
Large retrospective studies suggest that endoscopic therapy 
results in clinical improvement and prolonged survival.

 Bacterial Cholangitis

It is very unusual for PSC patients to develop cholangitis in 
the absence of a previous history of instrumentation of the 
biliary tree or a dominant stricture [135, 136]. The presence 
of a dominant stricture is thought to predispose to cholangitis 
through bacterial colonization of stagnant of bile acids.

A recent study demonstrated that 40.5 % of patients with 
a dominant stricture had bacterial colonization of their bili-
ary tree (In the absence of a stricture, patient bile samples 
were all sterile) [137]. Most infections are caused by aerobic, 
enteric organisms such as E. coli, Klebsiella, and E. faecalis 
[138]. Unfortunately, short-course antibiotics are poorly 
effective in eradicating bacteria. However, biliary drainage 
procedures combined with antibiotics are usually effective. 
Patients with recurrent bacterial cholangitis may benefit 
from cyclical prophylactic long-term antibiotics usually qui-
nolones. In patients who fail antibiotic therapy, recurrent 
cholangitis may be the primary indication for OLTx.

 Fatigue and Pruritus

Fatigue is a common problem and has a major impact on the 
quality of life in PSC patients [138]. It occurs independently 
of the severity of liver disease. No medical therapy is of 
proven benefit although the antinarcolepsy agent modenafil 
has been tried off-label with varying degrees of success.
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Pruritus is also common in patients with PSC. 80–90 % of 
patients will respond to first line therapy with cholestyr-
amine [139].

The antibiotic rifampicin is used as a second line agent for 
patients who have not responded to cholestyramine. It has 
shown to be effective treatment for pruritus in cholestatic 
liver disease [140–142]. The mechanism of action is 
unknown but it probably induces the hepatic microsomal 
drug-metabolizing system causing metabolism of endoge-
nous pruritogenic compounds. It may alternatively have a 
direct antimicrobial effect in the intestinal lumen, causing a 
change in synthesis of secondary bile acids. It is also a 
nuclear receptor agonist of PXR.

There is an upregulation of opioid receptors in patients 
with chronic cholestasis as well as an increased central opi-
oidergic tone and opioid antagonists (nalmefene, naloxone, 
and naltrexone) have been shown to be effective in pruritus. 
These drugs can cause a withdrawal-like reaction by pre-
venting binding of endogenous opioids but this complica-
tion is transient and settles within the first couple of days 
[143–145].

A variety of fourth line medications are useful including 
sertraline. UDCA has not been shown to benefit pruritus. 
Occasionally, intractable pruritus may be an indication for 
OLTx [31].

 Metabolic Bone Disease

The possibility of Hepatic osteodystrophy should be evalu-
ated in all patients with a new diagnosis of PSC, and every 
3–5 years thereafter using bone mineral density scanning 
[146]. The incidence of osteoporosis is 4–10 % in PSC, 
with a particularly increased risk in older patients with a 
long duration of disease, decreased BMI and possibly, 
worse disease [147, 148]. Calcium and Vitamin D should 
be prescribed in all PSC patients with osteopenia, and 
bisphosphonate therapy considered when osteoporosis 
develops.

 Gallstones

PSC patients are predisposed to gallstone disease. In a retro-
spective review of 286 PSC patients, 25 % of patients had 
gallstones that were diagnosed at a mean of 5 years follow-
ing the diagnosis of PSC. Characteristically these stones are 
small brown bile pigment stones. Ursodeoxycholic acid does 
not influence the frequency of gallstones [126].

 Prognosis and Treatment

 Prognosis

The median time to death or liver transplantation in all- 
comers was thought to be 9.6–18 years [46, 69, 70, 127, 
149]. However, a recent study from Holland has shown an 
increased median survival of 21 years in all-comers whereas 
the survival was significantly reduced in the transplant cen-
ters, due to referral bias [150].

Although the majority of patients who are asymptomatic at 
the time of diagnosis will eventually develop symptoms, not 
surprisingly these asymptomatic patients have a better prog-
nosis than the overall PSC population with a survival rate 
population with a survival rate of 88 % at 5 years and greater 
than 70 % at 16 years [69, 70]. A study from Germany in 2007 
demonstrated that a persistently raised serum bilirubin 
(>3 months) following initial diagnosis is an independent risk 
factor correlating with poor outcome and high risk of CCA.

Several prognostic models have been developed to help 
predict outcomes in advanced PSC. The Mayo score provides 
the most valid survival information in patients with advanced 
disease [34]. It uses age, bilirubin, serum AST and Albumin 
along with a history of variceal bleeding as prognostic param-
eters to divide patients into low, intermediate and high risk.

The Child–Pugh classification has also been demonstrated 
to be a satisfactory alternative to disease-specific models in 
both research studies and clinical decision-making [79].

With the advent of new therapies in development for PSC, 
the need for accurate surrogate endpoints in place of survival 
free of liver transplantation or death has become increasingly 
important. The prognostic models discussed above, using 
clinical and biochemical data have not proved to be reliable 
in early stage patients.

There is an increasing evidence base suggesting a valuable 
role of serum alkaline phosphatase (ALP) as a biomarker in 
predicting the clinical outcome of PSC [151]. In a recent pro-
spective German study, 215 patients with PSC were followed 
for over 25 years. Significant reduction of ALP within 6–12 
months was shown to be associated with improved median 
survival free of liver transplantation, compared with no ALP 
reduction—15 versus 26 years [152]. Various ALP reductions 
were evaluated, as previously published, including ALP nor-
malization and ALP reduction to 1.5 times the upper limit of 
normal (1.5× ULN), with all models proving statistically sig-
nificant, with the exception of 40 % ALP drop from baseline. 
This large single center gives further strength to the similar 
positive findings from PSC cohorts in the UK [153] (n = 139), 
Scandinavia [154] (n = 198), and USA [155] (n = 87).
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With the failure of complicated models to predict the clin-
ical course of PSC, it is perhaps surprising that ALP has 
emerged as an important prognostic marker in 
PSC. Interestingly, similar results have been demonstrated in 
patients with Primary Biliary Cirrhosis treated with 
Ursodeoxycholic acid.

Other markers of prognosis, including serum biomarkers 
such as ELF, and newer imaging modalities such as fibroscan, 
MR Elastography, and multiparametric MR scanning are 
being evaluated. However, currently ALP appears to be the 
best surrogate marker to predict the course of PSC [151].

 Medical Therapy

Unfortunately, no medical therapy has been proven to 
improve prognosis in PSC. Advocates of medical therapy 
appropriately point to a number of reasons why conclusive 
trial data is lacking; The scarcity of PSC patients, lack of 
reliable surrogate markers for disease progression, a long 
time period until primary end-points (such as transplanta-
tion/death) and high individual disease variability all make it 
very difficult to design and carry out trials that are appropri-
ately selective and sufficiently powered to demonstrate a sig-
nificant benefit.

Ursodeoxycholic acid (UDCA), a naturally occurring bile 
acid has been extensively studied for the treatment of PSC 
over the past 20 years. Surprisingly, a trial using high-dose 
UDCA 28–30 mg/kg day was terminated prematurely 
because of an increased risk of serious adverse events (death 
or liver transplantation) compared with placebo [156]. The 
likely explanation for this unexpected result is that high 
doses of UDCA result in the conversion of unabsorbed 
colonic UDCA) into lithocholic acid, a hepatotoxic bile acid. 
This is supported by data from the original trial that demon-
strates markedly elevated serum lithocholic acid levels in the 
patients treated with high-dose UDCA compared with those 
who received only placebo [157].

Despite the controversy that stems from the high-dose 
trial, it remains European practice to prescribe 15–23 mg/kg/
day to patients with large duct PSC and coexisting IBD, in 
keeping with the EASL clinical practice guidelines [34]. 
This recommendation is made for several reasons:

 1. Multiple trials have shown this dose to be safe and effec-
tive in improving liver biochemistry [114, 158–160].

 2. UDCA has been demonstrated in three clinical studies to 
reduce rates of colonic dysplasia and colorectal cancer, in 
patients with coexisting IBD [98, 99, 161].

 3. A randomized, double-blind, controlled trial evaluating 
219 patients over 5 years found a strong trend towards 
increased survival using UDCA. (Unfortunately due to 
few endpoints, this trial was insufficiently powered to 
reach statistical significance) [160].

 4. The use of UDCA may reduce the incidence of biliary 

tract cancers but this needs further study [156, 162].

A number of other medical therapies have been trialed in 
PSC, none of which have any proven efficacy and these are 
not recommended in the routine treatment of PSC 
(Table 52.7). There are a number of novel agents currently 
being studied in PSC, including bile acids (Nor- 
Ursodeoxycholic acid); anti-integrins, Vedolizumab, antibi-
otics, nuclear receptor agonists (obetacholic acid), and 
antifibrotics. Hopefully one or more of these agents, either 
alone or in combination will prove to be effective in the 
future.

In the context of PSC/AIH overlap syndrome, immuno-
suppressive medications, particularly corticosteroids may 
have a therapeutic role and a trial of therapy in those circum-
stances is sometimes indicated [163].

 Transplantation

Liver transplantation (LTx) is the only proven lifesaving 
therapy for end-stage liver disease secondary to PSC. The 
5-year survival rate is excellent at approximately 85 % [164–
166]. Although in some Scandinavian countries, PSC is the 
leading indication for liver transplantation, in the USA, it is 
the fifth leading cause of liver transplantation [167].

Appropriate timing of LTx for PSC is particularly chal-
lenging due to the highly variable disease course and unpre-
dictable risk of cholangiocarcinoma. The decision to list a 
patient for LTx should be made on the basis of clinical signs, 
biochemical parameters, and cholangiographic findings. 
There is no justification for performing preemptive LTx to 
reduce the risk of developing CCA. Traditionally, CCA is 
regarded as a contraindication to LTx although recent data in 
highly selected patient groups has been promising (see 
Section IBD in PSC patients).

Table 52.7 Medical therapies trialed in PSC [32]

No benefit Possible benefit Under consideration

Azathioprine Metronidazole UDCA

Budesonide Minocycline Nor-UDCA

Cladribine Silymarin 6-EDCA

Colchicine Tacrolimus Losartan

Cyclosporine Vancomycin Obetocholic acid

Etanercept Vedolizumab

Infliximab Simtuzumab

Methotrexate

Mycophenolate 
mofetil

Nicotine

Penicillamine

Pentoxifylline

Pirfenidone
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The recurrence rate of PSC in a transplanted liver is esti-
mated to be between 20 and 30 % after 5–10 years although it 
can be very difficult to distinguish recurrent disease from sec-
ondary causes of biliary structuring such as peritransplant duc-
tal ischemia [164, 168, 169]. Interestingly the risk of recurrent 
PSC is reduced in PSC/IBD patients who have had a colectomy 
prior to or at the time of LTx, compared with those who have 
not [86, 170]. High-dose post-transplant prednisolone therapy 
is also associated with an increased risk of recurrent disease.

In IBD/PSC patients, the risk of colorectal dysplasia and 
cancer persists post-transplantation and ongoing annual 
colonic surveillance is recommended. Some studies have 
suggested that this high risk may be increased even further 
after liver transplantation.

IBD rarely improves post transplantation and up to 30 % 
of patients will have increased and worsening activity. UC 
may even develop de novo in patients with PSC after liver 
transplantation [171, 172].

 Conclusion

Over the recent years PSC has been increasingly recognized as 
an important clinical entity, particularly amongst the IBD pop-
ulation where it is found in up to 10 % of patients. The use of 
MRCP has simplified the diagnostic process with avoidance 
of the complications attached to ERCP, without the need for 
liver biopsy. Indeed, in conjunction with increased clinician 
awareness, greater application of MRCP has likely led to an 
increase in the capture of incident and prevalent PSC cases. 
This may in part explain the changing epidemiology of PSC 
with an increase in reported prevalence and greater number of 
PSC patients being asymptomatic at the time of diagnosis.

Patients with PSC/Crohn’s appear to have a better prog-
nosis than PSC/UC.

While better insight into the pathogenetic mechanisms 
underlying the development of PSC has been made, its exact 
etiology is not yet elucidated and it is likely a number of 
mechanisms play a role in disease pathogenesis. Genetic 
studies and evaluation of variations in the constitution of the 
biome are currently in progress and will hopefully shed fur-
ther light on this complex process.

No medical treatment has been established to halt the pro-
gression of this insidious disease and recent trials on the use of 
UDCA have raised more questions than they have answered. 
Trials of new potential therapeutic agents are in progress.

Advances in endoscopic, radiological, and molecular tech-
niques have improved therapeutic options and allowed clini-
cians to better differentiate benign from malignant biliary 
disease. Nevertheless, screening for and confirming a sus-
pected diagnosis of cholangiocarcinoma remains one of the 
significant challenges of managing this complex disease.
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Abbreviations

AIP Autoimmune pancreatitis
LPSP Lymphoplasmacytic sclerosing pancreatitis
IgG4 Immunoglobulin G4
IDCP Idiopathic duct-centric chronic pancreatitis
GEL Granulocytic epithelial lesion
ICDC International consensus diagnostic criteria
CT Computed tomography
MRI Magnetic resonance imaging
ERCP Endoscopic retrograde cholangiopancreatography
MRCP Magnetic resonance cholangiopancreatography
IgG4-SC IgG4-related sclerosing cholangitis
PSC Primary sclerosing cholangitis
IBD Inflammatory bowel disease
RF Retroperitoneal fibrosis
IgG4-RF IgG4-related retroperitoneal fibrosis
ANA Antinuclear antigen
HPF High power field
UC Ulcerative colitis

 Introduction

In 1961, Sarles et al. first reported pancreatitis with hyper-
gammaglobulinemia and suggested an autoimmune etiology 
[1]. In 1995, the term “autoimmune pancreatitis” (AIP) was 
proposed by Yoshida et al. [2]. Since then, many cases of AIP 
have been reported in Western countries, as well as in Japan.

The histologic characteristic of almost all AIP cases reported 
from Japan has been lymphoplasmacytic sclerosing pancreatitis 

(LPSP). In 2001, Hamano et al. reported that serum immuno-
globulin G4 (IgG4) concentrations are specifically elevated in 
this disease [3]. This type of AIP is frequently associated with 
various sclerosing extrapancreatic lesions, such as cholangitis, 
cholecystitis, sialadenitis, dacryoadenitis, and retroperitoneal 
fibrosis, etc. [4]. These histopathological features of extrapancre-
atic lesions are similar to the dense infiltration of IgG4-positive 
plasma cells and lymphocytes and fibrosis detected in the pan-
creas. Therefore, Kamisawa et al. proposed a clinicopathological 
entity of “IgG4-related sclerosing diseases” and suggested that 
AIP represents a pancreatic lesion of this systemic disease [5].

On the other hand, in 2003, Notohara et al. reported that 
there are two types of histologic groups of AIP. One is LPSP, 
and the other is idiopathic duct-centric chronic pancreatitis 
(ICDP) [6]. Zamboni et al. also reported AIP with the histo-
logic finding of a granulocytic epithelial lesion (GEL) [7]. 
ICDP/GEL is identified on the basis of histological features 
of neutrophilic infiltration into the epithelium of the pancre-
atic duct. Case reports of AIP with IDCP/GEL have been 
mainly from Western countries and are rare from Asia. This 
type of AIP is sometimes associated with ulcerative colitis or 
Crohn’s disease and shows no relationship to IgG4.

Recently, in 2011, International Consensus Diagnostic 
Criteria (ICDC) for AIP were proposed [8]. According to 
these criteria, AIP is classified into two types: type 1 and 
type 2. The histologic characteristic of type 1 AIP is LPSP, 
and that of type 2 AIP is IDCP/GEL.

This chapter focuses on the clinicopathological features 
of each type of AIP and extrapancreatic conditions, espe-
cially those involving the alimentary tract.

 Type 1 AIP

 Clinical Features

A recent nationwide epidemiological survey in Japan 
reported that the overall prevalence of AIP was estimated as 
2.2 cases per 100,000 population [9]. Hart et al. reported the 

mailto:kamisawa@cick.jp


550

data of 23 institutions from ten different countries; the 
 proportion of type 1 AIP patients was 96 % in Asian coun-
tries, 87 % in European countries and 86 % in North American 
countries [10]. Type 1 AIP occurred predominantly in elderly 
males. The mean age at diagnosis was 61.6 years, and the 
proportion of males was 77 %. The major initial symptom 
was obstructive jaundice induced by associated sclerosing 
cholangitis.

Serum IgG4 concentrations are elevated frequently in 
type 1 AIP, although the precise pathogenic role of IgG4 in 
this disease is unclear. Type 1 AIP represents a systemic dis-
ease characterized by extensive IgG4-positive plasma cell 
and T lymphocyte infiltration of various organs. Clinical 
manifestations are apparent in organs such as the pancreas, 
bile duct, gallbladder, salivary glands, and retroperitoneum. 
Type 1 AIP is not simply a pancreatitis, but rather a pancre-
atic lesion reflecting an IgG4-related disease. In some cases, 
only one or two organs are clinically involved, whereas in 
others, three or four organs are affected.

 Diagnosis

Diagnosis of type 1 AIP is definitive in a case with the pan-
creatic histological features of LPSP. However, since it is dif-
ficult to take an adequate specimen from the pancreas, 
histological confirmation is not usually available. Therefore, 
the diagnosis requires a combination of other features. 
According to ICDC (Tables 53.1 and 53.2) [8], type 1 AIP is 
diagnosed based on the criteria that use a combination of 1 or 
more cardinal features of AIP as follows:

 Imaging of Pancreatic Parenchyma (on 
Computed Tomography (CT)/Magnetic 
Resonance Imaging (MRI))
Typical cases show diffuse enlargement, the so-called 
“sausage- like appearance” (Fig. 53.1). On dynamic CT and 
MRI, there is delayed enhancement of the enlarged pancre-
atic parenchyma. It is sometimes associated with a capsule- 
like low density rim that surrounds the pancreas on CT, 
which might be induced by inflammatory and fibrous changes 
involving the peripancreatic adipose tissue that is rather spe-
cific to type 1 AIP [11].

 Imaging of the Pancreatic Duct (Endoscopic 
Retrograde Cholangiopancreatography (ERCP) or 
Magnetic Resonance Cholangiopancreatography 
(MRCP))
Typical cases shows long segmental (>1/3 length) or multi-
ple strictures of the main pancreatic duct. Cases of type 1 
AIP with segmental narrowing of the main pancreatic duct 
are difficult to differentiate from pancreatic cancer. 
Derivation of branch ducts from the narrowed portion of the 
main pancreatic duct and skipped narrowed portions of the 
main pancreatic duct suggest type 1 AIP rather than pancre-
atic cancer. Upstream dilatation of the distal pancreatic duct 
is less in cases of type 1 AIP than of pancreatic cancer [11].

 Serology (IgG4 Concentration)
Serological criteria consist of elevated serum IgG4 levels. 
Although the serum IgG4 level is useful for screening, an 
elevated serum IgG4 level is neither sufficiently sensitive nor 
specific. About 20 % of patients with type 1 AIP have normal 
IgG4 levels at presentation [12]. Some studies have shown 
that 4–10 % of both healthy and disease controls, including 
patients with pancreatic cancer, have high serum IgG4 con-
centrations [12–14].

 Other Organ Involvement

Sclerosing Cholangitis
Type 1 AIP is commonly accompanied by sclerosing cholan-
gitis [15]. The histology of IgG4-related sclerosing cholangi-
tis (IgG4-SC) shows obliterative phlebitis and transmural 
fibrosis with dense infiltration of IgG4-positive plasma cells, 
which lead to stricture of the bile duct.

IgG4-SC must be differentiated from primary sclerosing 
cholangitis (PSC). Inflammatory bowel disease (IBD) is fre-
quently seen in PSC patients, whereas it is rare in 
IgG4-SC. Nakazawa et al. reported that the typical findings 
of IgG4-SC in ERCP are “segmental stricture,” “long stric-
ture with prestenotic dilatation,” and “stricture of the lower 
bile duct,” while the typical findings of PSC are “band-like 
stricture,” “beaded appearances,” “pruned-tree appearance,” 
and “diverticulum-like appearance” [16]. Whether the lim-
ited intrapancreatic bile duct stricture associated with AIP 
should be regarded as a biliary manifestation of IgG4-related 

Table 53.1 Diagnosis of definitive and probable type 1 AIP using ICDC

Diagnosis Primary basis for diagnosis Imaging evidence Collateral evidence

Definitive type 1 AIP Histology Typical/indeterminate Histologically confirmed LPSP (level 1 H)

Imaging Typical Any non-D level 1/level 2

Indeterminate Two or more from level 1 (+ level 2 Da)

Response steroid Indeterminate Level 1 S/OOI + Rt or level 1 D + level 
2 S/OOI/H + Rt

Probable type 1 AIP Indeterminate Level 2 S/OOI/H + Rt
aLevel 2 D is counted as level 1 in this setting
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disease is controversial, because such stenosis can be induced 
by compression from the swollen pancreas [17].

IgG4-SC must be also differentiated from cholangiocarci-
noma. Neither serum IgG4 concentrations nor cholangio-
graphic findings differentiate these disorders clearly [18]. 
Endoscopic transpapillary biopsy is generally performed. 
Although cholangiocarcinoma can be excluded by endo-
scopic biopsy, the superficial nature of samples obtained by 
this procedure limits their usefulness for diagnosis of 
IgG4-SC [19].

Cholecystitis can occur with sclerosing cholangitis. 
Thickening of the gallbladder wall is detected on imaging, 
but it is asymptomatic in most cases [20].

The major duodenal papilla is frequently swollen in 
patients with type1 AIP. Endoscopic biopsy from the major 
papilla is a useful adjunctive method because the papilla is 
often involved pathologically in AIP [21, 22].

Table 53.2 Level 1 and level 2 criteria for type 1 AIP

Criterion Level 1 Level 2

P Parenchymal imaging Typical:
Diffuse enlargement with delayed enhancement
(sometimes associate with rim-like enhancement)

Indeterminate (including atypicalb)
Segmental/focal enlargement with delayed 
enhancement

D Ductal imaging (ERP) Long (>1/3 length of the main pancreatic duct) or 
multiple strictures without marked upstream 
dilatation

Segmental/focal narrowing without marked 
upstream dilatation (duct size, <5 mm)

S Serology
OOI Other organ involvement

IgG4, >2× upper limit of normal value
a or b
(a). Histology of extrapancreatic organs
Any three of the following:
  (1) Marked lymphoplasmacytic infiltration with 

fibrosis and without granulocytic infiltration
  (2) Storiform fibrosis
  (3) Obliterative phlebitis
  (4) Abundant (>10 cells/HPF) IgG4-positive cells
(b) Typical radiological evidence
At least one of the following:
  (1) Segmental/multiple proximal (hilar/

intrahepatic)
  or proximal and distal bile duct stricture
  (2) Retroperitoneal fibrosis

IgG4, 1–2× upper limit of normal value
a or b
(a) Histology of extrapancreatic organs including 
endoscopic biopsies of bile ductc

Both of the following:
  (1) Marked lymphoplasmacytic infiltration 

without granulocytic infiltration
  (2) Abundant (>10 cells/HPF) IgG4-positive 

cells
(b) Physical or radiological evidence
At least one of the following:
  (1) Symmetrically enlarged salivary/lachrymal 

glands
  (2) Radiological evidence of renal 

involvement described in association with AIP

H Histology of the pancreas LPSP (core biopsy/resection)
At least three of the following:
  (1) Periductal lymphoplasmacytic infiltrate 

without granulocytic infiltration
  (2) Obliterative phlebitis
  (3) Storiform fibrosis
  (4) Abundant (>10 cells/HPF) IgG4-positive cells

LPSP (core biopsy)
Any two of the following:
  (1) Periductal lymphoplasmacytic infiltrate 

without granulocytic infiltration
  (2) Obliterative phlebitis
  (3) Storiform fibrosis
  (4) Abundant (>10 cells/HPF) IgG4-positive 

cells

Response to steroid (Rt)a Rapid Diagnostic steroid trial
Rapid (≦2 week) radiologically demonstrable resolution or marked improvement in pancreatic/
extrapancreatic manifestations

aDiagnostic steroid trial should be conducted carefully by pancreatologists with caveats (see text) only after negative workup for cancer including 
endoscopic ultrasound-guided fine needle aspiration
bAtypical: Some AIP cases may show low-density mass, pancreatic ductal dilatation, or distal atrophy. Such atypical imaging findings in patients 
with obstructive jaundice and/or pancreatic mass are highly suggestive of pancreatic cancer. Such patients should be managed as pancreatic cancer 
unless there is strong collateral evidence for AIP, and a thorough workup for cancer is negative (see algorithm)
cEndoscopic biopsy of duodenal papilla is a useful adjunctive method because ampulla often is involved pathologically in AIP

Fig. 53.1 CT imaging of a type 1 AIP case showing diffuse enlarge-
ment of pancreatic parenchyma with a capsule-like rim
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Retroperitoneal Fibrosis
Retroperitoneal fibrosis (RF) is a rare disease characterized 
by the presence of fibro-inflammatory tissue that develops 
around the abdominal aorta and iliac arteries. IgG4-related 
disease is the cause of up to two-thirds of cases of RF [23]. 
Chiba et al. [24] proposed diagnostic criteria for IgG4- 
related retroperitoneal fibrosis (IgG4-RF) consisting of 
three items: typical radiological features, elevation of 
serum IgG4 levels and the histological finding of an abun-
dant infiltration of IgG4-positive plasma cells at a retro-
peritoneal mass or extraretroperitoneal sites. In their series 
of 10 IgG4-RF patients, IgG4-RF showed a predilection for 
elderly men. Symptoms predominantly related to RF (back 
pain and edema of the lower extremities) were observed in 
only two patients, and the remaining patients reported ini-
tial symptoms due to associated diseases. Twenty-four 
other IgG4- related diseases (AIP, sialadenitis, dacryoadeni-
tis, lymphadenopathy, pulmonary pseudotumor, and pitu-
itary pseudotumor) occurred in nine patients. On laboratory 
examinations, anemia, hypoalbuminemia, increased CRP 
levels, and antinuclear antigen (ANA) positivity were fre-
quently observed. IgG4-RF responds well to steroids, but 
malignancies including malignant lymphoma should be 
ruled out.

Salivary Gland Involvement (Sclerosing Sialadenitis)
Major and minor salivary glands can be affected. This disor-
der was known for more than a century as Mikulicz’s dis-
ease, consisting of dacryoadenitis and enlargement of the 
parotid and submandibular glands, and it is now recognized 
as an IgG4-related disease [25]. Isolated enlargement of the 
submandibular glands is common in IgG4-related disease. In 
contrast, in Sjogren’s syndrome, parotid enlargement pre-
dominates. Xerostomia commonly accompanies IgG4- 
related disease, but it is generally less severe than in Sjogren’s 
syndrome, and in contrast to Sjogren’s syndrome, it can 
improve with immunosuppression.

Orbital Involvement (Dacryoadenitis, Orbital 
Myositis)
The typical presentation of orbital involvement is swelling 
within the ocular region or frank proptosis, generally caused 
by lacrimal-gland enlargement (dacryoadenitis) [26, 27]. 
Proptosis can also result from orbital pseudotumors that do 
not affect the lacrimal gland, from involvement of extraocu-
lar muscles (orbital myositis), and from combinations of 
these abnormalities.

Tubulointerstitial Nephritis
The most characteristic form of IgG4-related renal involve-
ment is tubulointerstitial nephritis. The histology of this dis-

ease is the same as in other organs: lymphoplasmacytic 
infiltration with IgG4 predominance among plasma cells; 
storiform fibrosis; and moderate tissue eosinophilia [28].

Many patients with IgG4-related tubulointerstitial nephri-
tis have substantial enlargements of the kidneys and 
hypodense lesions evident on CT. The clinical presentation 
can show advanced renal dysfunction and even end-stage 
renal dysfunction. Substantial proteinuria can develop, but 
concentrations are generally subnephrotic.

 Histopathology of the Pancreas
The histological profile of the pancreas is LPSP, which shows 
four characteristic features: (1) periductal lymphoplasma-
cytic infiltrate without granulocytic infiltration; (2) oblitera-
tive phlebitis; (3) storiform fibrosis; and (4) abundant 
(>10 cells/high power field (HPF)) IgG4-positive cells 
(Fig. 53.2a–c).

 Response to Steroid Therapy
Response to steroid therapy is an additional finding that con-
firms the diagnosis of AIP. Rapid (within 2 weeks) radiologi-
cally demonstrable resolution or marked improvement in 
pancreatic and extrapancreatic manifestations may support 
the diagnosis. A diagnostic steroid trial should be conducted 
carefully only after negative workup for cancer [8].

 Treatment and Prognosis

Oral steroid therapy is the standard treatment. Indications for 
steroid therapy in type 1 AIP patients are symptoms such as 
jaundice and abdominal pain [29]. Before steroid therapy is 
started, blood glucose levels and jaundice should be con-
trolled. The most commonly used initial dose of predniso-
lone is 0.6 mg/kg/day, and it is tapered by 5 mg every 1–2 
weeks while monitoring the patient’s symptoms as well as 
biochemical, serological, and imaging findings. To prevent 
relapse, maintenance therapy (5 mg/day) is recommended 
for 6–12 months [29]. Hart et al. [10] reported that of the 978 
subjects with type 1 AIP, 302 (31 %) subjects experienced at 
least one disease relapse. Most relapses of type 1 AIP 
occurred in the biliary system or pancreas. Subjects with 
proximal IgG4-SC showed a relatively high relapse rate 
(56.1 %) compared with subjects without IgG4-SC (25.7 %). 
At the time of relapse, readministration or increased doses of 
steroids are usually effective.

Most AIP patients treated with steroid therapy have good 
short- and long-term clinical, morphological, and functional 
outcomes. However, since some patients develop pancreatic 
stones or malignancy during or after steroid therapy, AIP 
patients should be rigorously followed up.
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 Type 2 AIP

 Clinical Features

Type 2 AIP is rare in Asia compared to Europe and North 
America. Type 2 AIP is seen in younger patients than type 1 
AIP, and typical affects males and females equally. 
Abdominal pain and acute pancreatitis are more frequent in 
cases of type 2 AIP than of type 1 AIP [10].

Type 2 AIP shows no serological biomarkers, and no 
extrapancreatic lesions other than ulcerative colitis (UC) or 
Crohn’s disease. Therefore, definitive diagnosis of type 2 
AIP requires histological examination of an adequate speci-
men obtained by core biopsy or resection of the pancreas, 
which is not frequently available. Type 2 AIP cannot be diag-

nosed easily, and this may explain the fewer cases of type 2 
AIP diagnosed worldwide [30].

 Diagnosis

According to ICDC, type 2 AIP is diagnosed based on imag-
ing of the pancreatic parenchyma and pancreatic duct, 
 histology of the pancreas, response to steroid therapy, and 
coexisting IBD (Tables 53.3 and 53.4) [8].

Criteria of parenchymal imaging are diffuse enlargement 
with delayed enhancement (Level 1 criterion) and segmen-
tal/focal enlargement with delayed enhancement (Level 2).

Histological findings of the pancreas typical for AIP type 
2 are (1) GEL with or without granulocytic acinar inflamma-
tion, and (2) absent or scant (0–10 cells/HPF) IgG4-positive 

Fig. 53.2 Histopathological findings of the pancreas of a type 1 AIP 
case. (a) Lymphoplasmacytic sclerosing pancreatitis showing abundant 
infiltration of plasma cells and lymphocytes and storiform fibrosis 

(H&E stain). (b) Obliterative phlebitis (EVG stain). (c) Abundant infil-
tration of IgG4-positive plasma cells (IgG4 immunostaining)
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cells (Level 1). Diagnosis of type 2 AIP is definitive in cases 
with Level 1 or 2 imaging and typical histology of the pan-
creas. If histology of the pancreas shows only Level 2 crite-
rion, two additional criterions are needed for definitive 
diagnosis: one is response to steroid therapy and the other is 
coexisting IBD.

Response to steroid therapy is a finding that confirms the 
diagnosis of AIP. As in type 1 AIP, a diagnostic steroid trial 
should be conducted carefully only after a negative workup for 
cancer. In addition, it does not seem that imaging and response 
to steroids can distinguish between type 1 and type 2 AIP.

 Treatment and Prognosis

Initial reports of type 2 AIP included only patients who had 
undergone surgical resection. In such patients, no further 
treatment was required, and no relapse was reported [30]. In 
the case of type 2 AIP histologically confirmed and medi-
cally treated, it appears to either spontaneously resolve or 
respond promptly to steroid therapy. The initial response rate 
to steroids was 92.3 % [10]. Common indications for steroid 
therapy in type 2 AIP patients were symptoms, such as 
abdominal pain (64 %), and coexisting IBD (48 %). The dis-
ease relapse rate in type 2 AIP was only 9 %, and relapses in 
type 2 AIP were limited to the pancreas [10].

 AIP and Inflammatory Bowel Disease

An association between pancreatitis and IBD has been 
widely accepted, but IBD-associated clinical pancreatitis 
was found in only 2 % of patients. Recently, increasing 
evidence has suggested a potential link between AIP and 
IBD. IBD is frequently associated especially with type 2 
AIP. Hart et al. [10] reported that 48 % of type 2 AIP cases 
have IBD. We had seen a case of probable type 2 AIP coex-
isting with UC. This case was a 32-year-old male who 
simultaneously developed both segmental type AIP of the 
pancreatic body and tail and total colon-type UC 
(Fig. 53.3a–c). His initial symptoms were upper abdomi-
nal pain and bloody diarrhea. AIP occurred as acute pan-
creatitis with serum amylase elevation (249 IU/L). His 
serum IgG4 level was within the normal limit (45 mg/dl). 
Both AIP and UC improved after steroid therapy.

In contrast, only 0.1 % of type 1 AIP cases have IBD. IgG4-
positive plasma cell infiltration is sometimes detectable in 
the colonic mucosa of UC patients [31, 32] (Fig. 53.4), but 
none of them have storiform fibrosis or obliterative phlebitis. 
Thus, UC cannot be recognized as a lesion involved in IgG4-
related diseases. The IgG4-positive plasma cell count infil-
trated in the colonic mucosa of UC patients seems to be 
related to disease severity [32], but the mechanisms underly-

Table 53.3 Diagnosis of definitive and probable type 2 AIP using ICDC

Diagnosis Imaging evidence Collateral evidence

Definitive type 2 AIP Typical/indeterminate Histologically confirmed IDCP (level 1 H) or
clinical inflammatory bowel disease + level 2 H + Rt

Probable type 2 AIP Typical/indeterminate Level 2 H/clinical inflammatory bowel disease + Rt

Table 53.4 Level 1 and level 2 criteria for type 2 AIP

Criterion Level 1 Level 2

P Parenchymal imaging Typical:
Diffuse enlargement with delayed enhancement
(sometimes associated with rim-like enhancement)

Indeterminate (including atypicalb):
Segmental/focal enlargement with delayed
enhancement

D Ductal imaging (ERP) Long (>1/3 length of the main pancreatic duct) or
multiple strictures without marked upstream dilatation

Segmental/focal narrowing without marked
upstream dilatation (duct size, <5 mm)

OOI Other organ involvement Clinically diagnosed inflammatory bowel disease

H Histology of the pancreas
(core biopsy/resection)

IDCP:
Both of the following:
  (1) Granulocytic infiltration of duct wall (GEL) 

with or without granulocytic acinar inflammation
  (2) Absent or scant (0–10 cells/HPF) IgG4-positive 

cells

Both of the following:
  (1) Granulocytic and lymphoplasmacytic 

acinar infiltrate
  (2) Absent or scant (0–10 cells/HPF)
IgG4-positive cells

Response to steroid (Rt)a Diagnostic steroid trial
Rapid (≦2 week) radiologically demonstrable resolution or marked improvement in pancreatic/
extrapancreatic manifestations

aDiagnostic steroid trial should be conducted carefully by pancreatologists with caveats only after negative workup for cancer including endoscopic 
ultrasound-guided fine needle aspiration
bAtypical: Some AIP cases may show low-density mass, pancreatic ductal dilatation, or distal atrophy. Such atypical imaging findings in patients 
with obstructive jaundice and/or pancreatic mass are highly suggestive of pancreatic cancer. Such patients should be managed as pancreatic cancer 
unless there is strong collateral evidence for AIP, and a thorough workup for cancer is negative
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ing IgG4-positive plasma cell infiltration in the colonic 
mucosa of UC patients are unknown.

Infiltration of many IgG4-positive plasma cells is detect-
able in the colonic mucosa of some type 1 AIP patients [33]. 
However, as neither storiform fibrosis nor obliterative phle-
bitis was observed in the colonic mucosa, the colonic mucosa 
cannot be recognized as a colonic lesion involved in IgG4- 
related diseases. Matsui et al. reported a case of an AIP 
patient with colonic polyposis containing many IgG4- 
positive plasma cells that were markedly reduced with ste-
roid therapy [34]. Chetty et al. reported a case of 
well-circumscribed sclerosing nodular lesions of the cecum 
and sigmoid colon composed of hyalinized fibrocollagenous 
tissue with abundant infiltration of IgG4-positive plasma 
cells [35]. These polypoid or nodular lesions appear to be 
IgG4-related colonic lesions, but further studies are neces-
sary to confirm this concept.

 Summary

AIP is a peculiar form of pancreatitis that should be differen-
tiated from pancreatic cancer. AIP is divided into two sub-
types. Type 1 AIP is a pancreatic manifestation of IgG4-related 
disease and is rarely associated with IBD. Type 2 AIP is not 
related to IgG4 and is sometimes associated with IBD.
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 Introduction

Cutaneous and oral manifestations occur in 6–30 % of patients 
with ulcerative colitis and up to 60 % of patients with Crohn 
disease, but may precede the diagnosis of inflammatory 
bowel disease (IBD) by several years. The skin or oral mucosa 
may be affected directly by IBD or indirectly by its treatment, 
but the prevalence of some inflammatory dermatoses is also 
increased in IBD (Table 54.1) [1]. Psoriasis is approximately 
five times more common in patients with Crohn disease and 
genes in the IL-12/IL-23 pathway have been associated with 
both diseases [2, 3]. T-helper 17 cells play a key role in the 
development of psoriasis [4] as well as Crohn disease. The 
same anti-TNF treatments that have been so successful in 
severe IBD have revolutionized the treatment of severe pso-
riasis; however, these have also associated with causing skin 
conditions, including paradoxically, psoriatic like rashes. 
Conditions such as aphthous ulcers, erythema nodosum, and 
some neutrophilic dermatoses (pyoderma gangrenosum, 
Sweet syndrome, bowel- associated dermatosis–arthritis syn-
drome) are associated with IBD, but the pathogenesis of the 
relationship is uncertain. In this chapter we discuss the pre-
sentation and management of the more common and impor-
tant cutaneous and oral problems that may be seen in IBD.

 Nutritional Deficiencies

Malnutrition is a well-documented complication of IBD 
caused by problems such as inadequate diet, malabsorption 
and chronic inflammation of the gastrointestinal tract with 
bleeding, diarrhea or bowel fistulae [5]. Patients may be defi-

cient in protein, carbohydrate, vitamins, minerals, and/or 
essential trace elements, but iron deficiency caused by 
chronic blood loss is particularly common. Cutaneous fea-
tures of nutritional deficiency include:

• Itching (iron deficiency may cause itching)
• Pallor (iron deficiency anemia)
• Dryness of the skin with scaling
• Dry hair and brittle nails (fatty acid deficiency)
• Hyperpigmentation (generalized or localized)
• Hair loss (iron deficiency)
• Bruising, petechiae, oral bleeding (vitamin K or vitamin 

C deficiency)
• Angular stomatitis, cheilitis, glossitis (smooth sore red 

tongue), mucosal erosions (deficiency of vitamin B com-
plex or folic acid)

• Perifollicular hemorrhage and follicular keratoses on upper 
arms, back, buttocks and lower extremities containing “cork-
screw” coiled hairs (vitamin C deficiency, i.e., scurvy)

• Delayed wound healing
• Follicular hyperkeratosis, mainly affecting the extensor 

surfaces of extremities (Vitamin A deficiency)

Dry, itchy skin, in the absence of an alternative explanation 
such as eczema, raises the possibility of nutritional deficiency. 
Exclude other causes of itch (Table 54.2). Practical steps that 
may help to relieve itchy dry skin are outlined in Table 54.3.

 Zinc Deficiency

Zinc deficiency may be secondary to malabsorption or to 
parenteral nutrition without zinc [6]. Typical features of defi-
ciency include:

• Scaly erythematous rash resembling psoriasis on hands and 
feet, but often with the addition of vesicles or pustules

• Pustular paronychia, i.e., pustules and boggy swelling of 
the nail fold
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• Periorificial (perioral, periorbital, and perianal) crusted 
papules and plaques which may be vesicular or pustular

• Photophobia with blepharitis and conjunctivitis
• Slow hair growth or generalized alopecia
• Nail dystrophy with Beau’s lines in chronic zinc deficiency
• Delayed healing of wounds
• Secondary bacterial and fungal infections.

 Niacin Deficiency

Pellagra caused by niacin deficiency has been reported in 
Crohn disease. Pellagra is characterized by a symmetrical 
dermatitis on light-exposed skin (the only sign in one third 

of patients), diarrhea and dementia. A shiny edematous ery-
thema develops on the exposed skin of nose and cheek-
bones (malar erythema), anterior neck (Casal necklace), 
and dorsa of the hands. The rash may blister and the skin 
becomes scalier with time. Heat, friction or pressure trig-
gers the rash. The acute erythema and superficial scaling 
fade to leave reddish- brown pigmentation. Typically the 
lips are dry and cracked, the tongue swollen, and the buccal 
mucosa dry and smooth.

 Cutaneous and Oral Crohn Disease

 Definitions

 1. Cutaneous Crohn disease: Crohn disease affecting the 
skin at sites in direct continuity with the gastrointestinal 
tract, particularly perianal, perineal, vulval, and peri- 
stomal sites.

 2. Orofacial Crohn disease: Crohn disease affecting the lips 
and oral mucosa.

 3. Metastatic Crohn disease: Crohn disease affecting the 
skin at sites that are separated from the gastrointestinal 
tract by normal tissue [7].

 Epidemiology and Associations

Cutaneous, orofacial, and metastatic Crohn disease are rare. 
They usually present after the onset of intestinal Crohn dis-
ease, but may precede the onset of intestinal disease by 
months to years. Mean age at presentation is 34 years and 
cutaneous disease is more common in woman [7, 8].

 Pathogenesis

The pathogenesis of Crohn disease is discussed in the epide-
miology and immunobiology chapters of this book.

 Clinical Features

The morphology of cutaneous Crohn disease is variable. 
Patients may have a single lesion or widespread disease, 
but perianal disease is often an early feature. Signs such as 
perianal erythema, polypoid tags, moist vegetating plaques, 
perianal fissures, and sinus tracts occur in around one-third 
of patients. Aphthous ulcers may involve the anal canal and 
anal sphincter. Severe disease is associated with abscesses 
and fistulae that may result in scarring with deformity. 
Crohn disease may also involve surgical sites including 
laparotomy scars.

Table 54.1 Cutaneous manifestations in inflammatory bowel disease

• Nail clubbing and palmar erythema
• Erythema nodosum
• Aphthous ulcers and glossitis
• Thrombophlebitis
•  Perianal fissures, fistulae and abscesses—more severe in Crohn 

disease than ulcerative colitis
• Genital or orofacial Crohn disease
• Peri-stomal dermatitis or folliculitis
• Cutaneous adverse drug reactions
• Manifestations of nutritional deficiency
• Psoriasis (increased prevalence in Crohn disease)
•  Neutrophilic dermatoses such as pyoderma gangrenosum, Sweet 

syndrome, and Bowel-associated dermatosis–arthritis syndrome.
• Vitiligo

•  Autoimmune bullous diseases (a rare association): bullous 
pemphigoid, linear IgA disease, and epidermolysis bullosa acquisita

Table 54.2 Causes of itch

• Primary skin disease, e.g., eczema, psoriasis, urticaria
• Infestation (scabies, fleas, lice)
•  Drugs including statins (also cause dryness), ACE inhibitors, 

opiates, barbiturates, antidepressants

• Systemic disease
 • Iron deficiency
 • Thyroid disease
 • Cholestatic jaundice
 • Chronic renal failure
• Polycythemia
 • Lymphoma
 • HIV infection

Table 54.3 Management of itchy skin

•  Emollients—prescribe 500 g tubs and apply at least twice/day. 
Creams are preferable for day-time use and greasier oil-based 
emollients for the evening

• Avoid soap, instead recommend a soap substitute
•  Aqueous cream with 1 % menthol may relieve itch if emollients 

are not effective
•  Moderate or potent topical corticosteroid ointments applied once 

or twice/day may be helpful if skin is inflamed
• Sedating antihistamines may be helpful at night

• Trim nails to reduce damage from scratching
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Metastatic Crohn disease affects the genitalia, lower 
extremities, and flexures. Patients present with dusky ery-
thematous papules, plaques, nodules, or ulcers exuding pus. 
Genitalia may be erythematous, swollen, and indurated, par-
ticularly in children.

Orofacial involvement causes persistent lip or cheek 
swelling with angular cheilitis, indurated fissuring of the 
lower lip and gingival erythematous papules. The edematous 
infiltrated buccal mucosa develops a “cobblestone”—like 
appearance. Aphthous ulcers are common [7, 8].

 Diagnosis and Histopathology

The differential diagnosis in cutaneous or metastatic Crohn 
disease is broad and includes granulomatous infections 
(mycobacterial, spirochetal, deep fungal), foreign body reac-
tions and cutaneous sarcoidosis. Genital or inguinal disease 
may simulate hidradenitis suppurativa (Fig. 54.1), but the 
grouped open comedones (blackheads) that are a feature of 
hidradenitis are not present in Crohn disease. Genital swell-
ing may be caused by obstructive lymphedema. Ulcers in 
Crohn disease may resemble pyoderma gangrenosum.

Orofacial Crohn disease simulates granulomatous cheili-
tis (orofacial granulomatosis), a poorly understood condition 
that causes persistent non-tender swelling of the lips. Rarely 
these patients develop facial nerve palsy and a fissured 
tongue (Melkersson–Rosenthal syndrome). In some of these 
patients lip swelling is triggered by an allergic reaction to 
foods, food additives, or flavorings such as cinnamates, but 
this is not common.

Skin biopsy reveals superficial and deep non-caseating 
granulomas that may be difficult to differentiate from cuta-
neous sarcoidosis, but the presence of a lymphocyte-rich 
infiltrate, ulceration and edema favor Crohn disease [7]. 
Tissue should be cultured to exclude infection.

Chest radiology should be performed to exclude sarcoid-
osis and patch testing considered in patients with lip 
swelling.

 Treatment

Treatment is difficult and the course tends to be chronic. 
Medical options include oral metronidazole (250 mg ×3/
day), corticosteroids (very potent topical, intralesional or 
systemic), sulfasalazine, dapsone, azathioprine and TNF- 
alpha inhibitors (infliximab, adaluminab) [8].

Low dose antibiotics (e.g., penicillin V 250 mg ×2/day for 
6 months) may have a role in patients with persistent lip 
swelling and fissuring to prevent streptococcal infection and 
lymphatic damage.

 Peri-stomal Skin Problems

Skin disorders are reported in >70 % of patients with an 
abdominal stoma, despite the use of hydrocolloids to 
secure appliances and protect the skin [9]. Irritant contact 
dermatitis is common (Fig. 54.2), often with secondary 
infection, and chronic irritation causes over-granulation 
or erosions at the mucocutaneous junction. Potent topical 
corticosteroids settle inflammation, but may impair adhe-
sion of the bag. Betamethasone valerate (0.1 %) aqueous 
lotion can be applied to the adhesive surface of the stoma 

Fig. 54.1 Chronic fistulae, abscesses, and scarring in hidradenitis sup-
purativa may be difficult to differentiate from cutaneous Crohn disease. 
Grouped open comedones (blackheads) in affected skin suggest hidrad-
enitis and patients with hidradenitis may have a long history of recur-
rent boils in axillae, breasts, groins, vulva, or perianal skin

Fig. 54.2 Irritant contact dermatitis is a common problem around 
stomas
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appliance and any alcohol allowed to evaporate before 
placing the appliance on the skin. Sucralfate powder pre-
vents irritation and may promote healing of erosions [9]. 
Allergic contact dermatitis is uncommon, but patch test-
ing is sensible to exclude allergy if dermatitis is difficult 
to control.

Shaving the skin to help the bag to adhere may cause a 
bacterial folliculitis. Take skin swabs for microbiological 
culture and treat with antibiotics as well as an antiseptic 
wash [9].

Peri-stomal psoriasis can usually be controlled with topi-
cal corticosteroids. Peri-stomal pyoderma gangrenosum is a 
rare problem that is discussed below.

 Erythema Nodosum

 Definition

Erythema nodosum is a septal panniculitis most commonly 
affecting the shins.

 Epidemiology and Associations

Erythema nodosum is the commonest form of panniculitis. 
It presents most often in Northern European women. Most 
cases appear between the second and fourth decades, with a 
peak incidence between the ages of 20 and 30 years. In the 
Northern hemisphere the incidence peaks in late winter and 
early spring suggesting an environmental trigger, perhaps 
streptococcal infection [10].

Erythema nodosum is common in IBD; studies suggest it is 
present in up to 15 % of patients with Crohn disease and 10 % 
of patients with ulcerative colitis. The presence of erythema 
nodosum may correlate with underlying disease activity. 
Sarcoidosis is one of the commonest causes in the Western 
world [11]. Erythema nodosum usually occurs in the acute 
phase in association with bilateral hilar lymphadenopathy 
[10]. A strong relationship exists to upper respiratory infec-
tions with Group A hemolytic streptococcus—the nodules 
develop 2–3 weeks after the infection. Tuberculosis (now an 
uncommon cause in Europe), atypical mycobacterial infec-
tions, HIV and hepatitis are among other infectious triggers 
[11, 12]. Numerous medications have been implicated includ-
ing the oral contraceptive pill, bromides, sulfonamides, peni-
cillin, granulocyte colony stimulating factor, codeine [11] and 
BRAF inhibitors [13]. Other associations include celiac dis-
ease, rheumatoid arthritis, Behçet’s disease and Still’s disease. 
Erythema nodosum has also been reported in association with 
malignancies, both hematological and solid organ [13].

No underlying cause is found in 40–60 % of patients [11].

 Etiology and Pathogenesis

Despite the numerous well-defined provocations, the patho-
genesis of erythema nodosum is unclear. The disease may be 
a hypersensitivity response involving deposition of immune 
complexes around venues in subcutaneous fat or a type IV 
delayed hypersensitivity reaction [11].

 Clinical Features

Patients develop tender, erythematous, warm nodules, mea-
suring 1–5 cm or more in diameter in a symmetrical distribu-
tion on the shins, ankles, and knees (Fig. 54.3). Less 
frequently, nodules appear on the arms or trunk. Fever, mal-
aise, and headache are common. Some patients complain of 
abdominal pain, vomiting, or diarrhea.

Nodules do not ulcerate, but fade over 2–6 weeks without loss 
of fat or scarring, leaving a bruise-like discoloration that resolves 
more slowly. Resolution is usually more rapid in children.

A chronic migratory variant (subacute nodular migratory 
panniculitis, erythema nodosum migrans) is much less com-
mon; the indurated erythematous plaques are tender and may 
be asymmetrical.

 Diagnosis and Histopathology

Investigations should ensure there is no other underlying 
cause in patients with IBD. FBC, ESR, urinalysis and chest 

Key Features

• Bilateral tender warm plaques and nodules usually 
affecting the anterior shins.

• Nodules resolve spontaneously without ulceration 
or scarring.

• Histopathology reveals a septal panniculitis without 
vasculitis.

• Associations—numerous underlying conditions
 – Infections particularly streptococcal throat infec-

tions and tuberculosis
 – Sarcoidosis
 – Inflammatory bowel disease
 – Pregnancy
 – Drugs including the oral contraceptive pill, bro-

mides and sulfonamides
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radiography should always be performed, but further inves-
tigations should be guided by the clinical history and exami-
nation. Local prevalence of etiological factors such as 
bacterial, viral, fungal or protozoal infections should be con-
sidered and investigation directed accordingly.

A deep elliptical biopsy including fat is required to dem-
onstrate the typical changes, but is rarely necessary. 
Histopathology reveals a septal panniculitis, generally with a 
superficial and deep perivascular lymphocytic infiltrate in 
the overlying dermis, but no vasculitis [11].

Differential diagnosis includes trauma, cellulitis, insect bites 
and superficial thrombophlebitis. Nodular vasculitis is another 
panniculitis, sometimes associated with tuberculosis, that 
causes symmetrical nodules on the legs; however these nodules 
tend to be present on the calves rather than the shins and the 
nodules ulcerate and heal with a depressed scar caused by loss 
of fat. Histopathology reveals a lobular panniculitis with vascu-
litis and fat necrosis in contrast to erythema nodosum [12].

 Treatment

Most cases resolve spontaneously within 6 weeks. Relapses 
are more common in patients with idiopathic disease or in 
those with preceding upper respiratory tract infection than in 
patients with an underlying problem such as IBD [11].

Pain should be managed with regular non-steroidal anti- 
inflammatory drugs. Elevation of the legs and support stockings 
may help to control swelling and speed resolution. Generally 
oral corticosteroids are not required. Potassium iodide 200–
600 mg/day has been recommended in persistent disease, how-
ever this is contraindicated in pregnancy, and has been associated 
with hypothyroidism [11]. Oral tetracylines have been reported 
to be of benefit in recalcitrant disease [14, 15].

 Pyoderma Gangrenosum

 Definition

Pyoderma gangrenosum is an uncommon neutrophilic der-
matosis characterized by rapidly enlarging ulcers that are 
usually extremely painful. The condition was described in 
1916 by Broq, and further characterized by Brunstung, 
Goeckerman, and O’Leary in 1930, who coined the term 
pyoderma gangrenosum.

 Epidemiology and Associations

The annual incidence of pyoderma gangrenosum is esti-
mated at 3–10 patients per million. Pyoderma gangreno-
sum is most common in middle-aged adults and has an 
equal sex distribution; however, it has been described in 
children and in the elderly. Fifty percent of patients with 
pyoderma gangrenosum have an associated systemic con-
dition and in approximately one-third this is IBD, more 
often ulcerative colitis than Crohn disease. Other associa-
tions include rheumatoid arthritis, seronegative arthritis, 
and hematological malignancy (particularly myeloid leu-
kemia). Twenty percent of patients have a monoclonal 
gammopathy of uncertain significance, most commonly an 
IgA gammopathy [16, 17].

 Etiology and Pathogenesis

The etiology and pathogenesis of pyoderma gangrenosum are 
not well understood, but may be linked to abnormalities in 
neutrophil function. IgA gammopathies that impair neutro-
phil function in vitro are associated with pyoderma gangreno-
sum. Interleukin-8 (IL-8), a leukocyte chemotactant, is 
overexpressed in pyoderma gangrenosum and ulceration can 

Fig. 54.3 Tender erythematous nodules on the shins in erythema 
nodosum

Key Features

• Painful ulcer with irregular violaceous undermined 
border

• Slough or hemorrhagic base
• Purulent discharge
• Rapid enlargement (usually)
• History of minor trauma preceding ulcer
• Sterile pustule preceding ulcer
• Pain out of proportion to the ulcer
• Healing with cribriform scarring
• Responds to systemic corticosteroids
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be induced in xenografts transfected with recombinant human 
IL-8 [17]. Another clue to the role of neutrophil dysfunction 
is provided by the dominantly inherited autoinflammatory 
disorder, PAPA (pyogenic sterile arthritis, pyoderma gan-
grenosum, and acne). PAPA is caused by mutations in a gene 
that encodes proline serine threonine phosphatase- interacting 
protein 1 (PSTPIP-1). PSTPIP-1 co-localizes with pyrin in 
neutrophils. Normally pyrin downregulates inflammation, 
but in PAPA, the altered PSTPIP-1 binds more avidly than 
normal to pyrin, inhibiting its action and leading to activation 
of IL-1beta and the accumulation of neutrophils [18].

Pathergy (minor trauma triggers ulceration) may play a 
role in pathogenesis.

 Clinical Variants of Pyoderma Gangrenosum

A number of variants have been described—see Table 54.4. 
The classical and pustular forms of pyoderma gangrenosum 
are those most often associated with IBD [17].

Classical pyoderma gangrenosum is characterized by a 
painful ulcer with an irregular, undermined violaceous 
(bluish- red) border and a necrotic base producing a purulent 
or hemorrhagic exudate (Fig. 54.4). Patients may have a fever 
and considerable pain. Typically the ulcers enlarge rapidly. 
The border may become serpiginous if ulceration extends at 
different rates in different directions. Healing occurs from the 
edge resulting in a characteristic pattern of scarring with per-
forations known as “cribriform” (sieve-like) scarring. 
Pyoderma gangrenosum triggers neither lymphadenopathy 
nor lymphangitis, despite the inflammatory appearance. 
Approximately 20 % of patients demonstrate pathergy (new 
lesions are initiated by minimal trauma). Pyoderma gan-
grenosum is most common on the lower limbs, the trunk is 
affected in 10 % of patients and lesions on the head, groin, 
genitalia or upper extremities are less common. A sterile neu-
trophilic infiltrate may be found in other organs, e.g., lungs, 
heart, liver, spleen, gastrointestinal tract, and lymph nodes.

Rarely pyoderma gangrenosum develops around the 
stoma of patients with IBD (Fig. 54.5). Peri-stomal pyo-
derma gangrenosum may present from a few months to many 
years after the formation of the stoma. Pathergy may play a 
role in pathogenesis of peri-stomal PG skin may be irritated 
by leakage of stomal contents or by adhesives used to attach 
the stoma bag.

A pustular form of pyoderma gangrenosum has been 
described in association with active IBD. Discrete sterile pus-
tules, 0.5–2 cm in diameter, with a surrounding erythematous 
halo occur in association with joint pains and fever. Pustules 
may heal without scarring or progress to the ulcerated lesions 
of classical pyoderma gangrenosum. The activity of pustular 

Table 54.4 Pyoderma gangrenosum: variants

Classical Painful irregular ulcers with undermined 
edges. Commonly affects lower limbs. 
Pathergy seen. Associated with IBD when 
pyoderma gangrenosum may be peri-stomal

Pustular Discrete sterile pustules, joint pain, and 
fever. Associated with IBD. Activity 
follows activity of IBD

Pyostomatitis 
vegetans

Mucosal. Associated with ulcerative colitis

Bullous Painful vesicles and bullae. Associated with 
hematological malignancy

Superficial 
granulomatous

Localized, less aggressive. Not usually 
associated with underlying disease

Fig. 54.4 Classical pyoderma gangrenosum. The deep painful ulcer 
has an irregular, undermined inflammatory border and a necrotic base

Fig. 54.5 Peri-stomal pyoderma gangrenosum in this patient responded 
promptly to treatment with a very potent topical corticosteroid
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pyoderma gangrenosum tends to follow the activity of the 
bowel disease and may improve when the underlying disease 
is treated. Pyostomatitis vegetans may be the mucosal form of 
pustular pyoderma gangrenosum. This rare condition is asso-
ciated with ulcerative colitis more often than Crohn disease. 
Friable grey-yellow pustules may involve oral, vaginal, nasal, 
and, rarely, periocular mucosa. Ruptured pustules leave veg-
etating erosions or ulcers. Even extensive oral involvement 
may be relatively painless [19].

Bullous pyoderma gangrenosum has been recorded in 
association with hematological malignancy rather than 
IBD. Painful vesicles and bullae lead to superficial erosions. 
Sweet syndrome (see below) may have a similar appearance. 
Superficial granulomatous pyoderma gangrenosum is a local-
ized, less aggressive variant that tends to involve the head and 
neck. Underlying disease is unusual and some cases may be 
an atypical form of Wegner’s granulomatosis [17, 20].

 Differential Diagnosis

Pyoderma gangrenosum may simulate a variety of condi-
tions and the diagnosis can be difficult if the clinical signs 
are atypical. Nicorandil-induced ulcers simulate pyoderma 
gangrenosum but infection and malignancy are the most 
important differentials to exclude—see Table 54.5.

 Investigations

• Take a deep cutaneous biopsy from the edge of the ulcer. 
Tissue should be sent for both histopathological examina-
tion and for culture (including atypical mycobacterial and 
fungal culture). Histopathological findings of follicular or 
perifollicular inflammation, intradermal abscesses, and/or 
sterile dermal neutrophilia without vasculitis are support-
ive of the diagnosis, but are not diagnostic. 
Clinicopathological correlation is vital.

• Surface swabs are of limited value as bacterial coloniza-
tion is inevitable, but blood cultures should be performed 
if systemic infection is suspected.

• Blood tests should include FBC, ESR, CRP, protein elec-
trophoresis, and immunoglobulins.

 Course and Prognosis

The course of pyoderma gangrenosum is unpredictable; the 
disease may progress rapidly or be slowly progressive. 
Lesions may resolve spontaneously and can return for no 
obvious reason after being quiescent for many years. It was 
believed that the activity of pyoderma gangrenosum fol-
lowed that of the underlying bowel disease, but flares of pyo-
derma gangrenosum have been reported in patients after 
bowel resection and in patients with inactive ileitis. Severe 
pyoderma gangrenosum has a mortality of 30 %. Poor prog-
nostic factors include older age at first onset, male sex and 
bullous disease associated with underlying hematological 
malignancy [17].

 Treatment

Treatment is challenging. Treatment of underlying bowel 
disease should be optimized, but does not always lead to 
improvement in pyoderma gangrenosum. It is helpful to 
monitor the response to treatment objectively by measuring 
ulcers and by clinical photography [21].

General measures for wound management are important, 
but surgical debridement may trigger extension of pyoderma 
gangrenosum and should be avoided. Soaks or wet dressings 
with 0.01 % potassium permanganate solution may help to 
reduce bacterial colonization. Moisture retaining wound 
dressings facilitate wound healing and help with pain control. 
Alginate dressings absorb exudate and prevent maceration.

Localized pustules, bullae, or small ulcers may be managed 
with topical treatments such as a very potent topical cortico-
steroid ointment or 0.1 % tacrolimus ointment. Peri- stomal 
pyoderma gangrenosum may also respond to a very potent 
topical corticosteroid or 0.1–0.3 % tacrolimus in carmellose 
sodium paste [9] take a biopsy if no response after 2 weeks.

Most pyoderma gangrenosum requires systemic treatment. 
Systemic corticosteroids (prednisolone 0.75–2 mg/kg/day or 
pulses of intravenous methylprednisolone) or oral cyclospo-
rine (Neoral 4 mg/kg/day in two divided doses) should be 
started promptly to prevent progression [22]; patient factors 
should guide the decision as to which to use. Response is usu-
ally rapid, but prolonged treatment may be required with com-
binations of drugs. Other steroid-sparing agents such as 
methotrexate or dapsone may have a role. Recent data has 
shown that TNF alpha-blocking agents (infliximab [23] and 
adalimumab [23]) are very effective for the treatment of PG in 
patients with underlying IBD. In view of this, anti-TNFs 
should be considered as first-line treatment [23].

Table 54.5 Pyoderma gangrenosum: differential diagnosis

Vascular Venous or arterial insufficiency, occlusive 
vasculopathy including antiphospholipid antibody 
syndrome

Infectious Bacterial including mycobacterial, viral, deep 
fungal, parasite

Malignancy Primary cutaneous, lymphoma, metastatic

Medications Nicorandil, hydroxyurea

Inflammatory Sweet syndrome, granulomatosis with polyangiitis, 
panniculitis, autoimmune bullous diseases

Trauma Bites—insect, spider, snake; dermatitis artefacta
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Pain can be severe and require systemic opiates. Pain lev-
els should be documented and can be used as a marker of 
treatment efficacy. Increasing pain or exudate may indicate 
secondary bacterial infection.

 Sweet Syndrome

 Definition

Sweet syndrome is a neutrophilic dermatosis characterized 
by erythematous papules, nodules, and plaques, fever, and 
neutrophilia. The syndrome was first described by Robert 
Sweet in 1964 [24, 25].

 Epidemiology and Associations

The disease is more common in women, and classically pres-
ents between the ages of 30 and 50 years, with no racial pre-
dilection [25].

Sweet syndrome may be precipitated by infection of the 
upper respiratory tract or gastrointestinal tract. In other cases 
the syndrome is associated with an underlying systemic dis-
ease such as IBD, chronic arthritis, or malignancy, 
 particularly hematological malignancies, e.g., acute myelog-
enous leukemia and less commonly myeloproliferative dis-
ease or myelodysplastic syndromes, lymphoma or 
paraproteinemias. Solid organ tumors, generally those of the 
breast, genitourinary system, and gastrointestinal tract, have 
also been linked to Sweet syndrome. Pregnancy, vaccination, 
and drugs, including granulocyte colony-stimulating factor 
(G-CSF), may also trigger the syndrome [24, 25].

 Etiology and Pathogenesis

The etiology is unclear. An antigen of infectious or tumor 
origin may trigger a hypersensitivity reaction. Granulocyte- 
colony stimulating factor (G-CSF) and interleukin-6 appear 
to play a role. G-CSF is a known precipitant; tumors that 

produce G-CSF have been isolated in patients with Sweet 
syndrome and patients with active Sweet syndrome have 
been found to have raised levels of serum G-CSF compared 
to patients in whom the disease was quiescent [25].

 Clinical Features

Sweet syndrome is characterized by the abrupt onset of pain-
ful erythematous nodules or plaques associated with a high 
fever (>38 °C). Patients appear unwell and may complain of 
headache, arthralgia, and myalgia. Other extracutaneous fea-
tures include iritis, episcleritis and/or conjunctivitis, polyar-
thritis, and oral mucosal ulcers which mimic aphthae.

The juicy papules and plaques, which present most often 
on the face and upper trunk, are tender, well-demarcated and 
edematous (Fig. 54.6). The surface of plaques may appear to 
be vesicular (pseudo-vesicles), reflecting the intense dermal 
edema, but it is rare to find discrete vesicles or bullae that can 
be ruptured. Occasionally plaques become pustular. Like 
pyoderma gangrenosum, Sweet syndrome demonstrates 
pathergy i.e., cutaneous lesions may develop at sites of minor 
trauma such as skin biopsies or venipuncture. Patients may 
also have pyoderma gangrenosum.

 Diagnosis and Histopathology

The diagnosis is suggested by the presence of the typical 
clinical features, in association with a raised ESR, a raised 
CRP and a leukocytosis, which is predominantly a neutro-
philia. Blood cultures are sterile. See Tables 54.6 and 54.7 
for differential diagnoses and investigations.

Fig. 54.6 The tender, edematous erythematous plaques of Sweet syn-
drome are often misdiagnosed as cellulitis

Key Features

• Tender erythematous plaques and nodules on the 
head, neck, and upper extremities

• Fever >38 °C
• Leukocytosis with neutrophilia and raised ESR
• Associations: preceding infection, IBD, malig-

nancy, pregnancy, drugs
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 Treatment

Very potent topical corticosteroids (clobetasol propionate 
0.05 %) ×2/day may control localized disease. Systemic 
corticosteroids are the first-line treatment for more wide-
spread disease. A typical regime consists of prednisolone 
30 mg/day in conjunction with a very potent topical corti-
costeroid ×2/day. Recurrences are common. Potassium 
iodide and colchicine are alternative first-line therapies 
[26]; second line treatments include indomethacin (indo-
methacin), clofazimine, cyclosporine (cyclosporine), and 
dapsone [26].

 Bowel-Associated Dermatosis–Arthritis 
Syndrome

 Definition

The bowel-associated dermatosis–arthritis syndrome is a 
neutrophilic dermatosis that is associated with an underlying 
condition causing an overgrowth of bowel flora. The syn-
drome comprises cutaneous lesions, non-erosive arthritis, 
arthralgia, and fever.

 Epidemiology and Associations

Early cases were associated with bowel surgery that created a 
“blind loop”, allowing bacterial overgrowth, but subsequently 
the condition was observed in patients who had not had this 
type of surgery. Now it is accepted that any condition that pre-
disposes to bowel stasis, including IBD, can precipitate bowel-
associated dermatosis–arthritis syndrome [27, 28].

 Etiology and Pathogenesis

The overgrowth of bacteria in the bowel with subsequent 
deposition of immune complexes is thought to trigger dis-
ease. Escherichia coli and other bacteria are believed to 
release peptidoglycans that lead to the formation of immune 
complexes [29].

 Clinical Features

Cutaneous lesions generally affect the upper trunk and 
extremities and consist of crops of erythematous macules, 
purpuric papules, and crusted vesicopustules. Patients also 
have a migratory polyarthralgia or a non-erosive polyarthri-
tis in association with fever and malaise.

 Diagnosis and Histopathology

Diagnosis is based on the characteristic clinical findings and 
the history of a predisposing bowel condition. Skin biopsy 
should be performed to confirm the diagnosis. The histopath-
ological findings resemble Sweet syndrome with dermal 
edema and a dense neutrophilic infiltrate.

 Treatment

The underlying cause should be corrected when possible. 
Oral antibiotics have been advocated to eradicate bacteria, 
e.g., oxytetracycline, erythromycin, clindamycin, tetracycline–
sulfamethoxazole, or metronidazole. A short course of oral 
prednisolone may provide symptomatic relief.

Key Features

• Serum sickness like constitutional signs and symp-
toms of fever and general malaise.

• Crops of erythematous macules, purpuric papules, 
and small vesicopustules on upper trunk and 
extremities.

• Migratory polyarthralgia, non-erosive polyarthritis 
or tenosynovitis.

• Histopathology reveals a perivascular neutrophilic 
infiltrate.

Table 54.6 Sweet syndrome: differential diagnosis

•  Infection such as streptococcal cellulitis, bacterial septicemia, 
herpes simplex infection, deep fungal infection

• Cutaneous vasculitis
• Pustular pyoderma gangrenosum
• Malignancy—primary cutaneous or metastatic
• Urticaria or urticarial vasculitis
• Erythema nodosum

• Insect bites

Table 54.7 Investigations in Sweet syndrome

•  FBC and ESR; a neutrophilia and raised ESR are present in 
Sweet syndrome

•  Blood cultures and skin swabs from pustular lesions should be 
performed to exclude infection

•  Take a skin biopsy from a well-developed plaque. Histopathology 
reveals a dense dermal neutrophilic infiltrate with leukocytoclasis 
but without vasculitis. Gram stain is negative

•  Generally underlying malignancy or inflammatory disease 
should be excluded, but these are unlikely associations in a 
patient with IBD
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 Immunobullous Diseases

 Definition

The immunobullous diseases are caused by autoantibodies 
directed against structural proteins in the skin such as kera-
tins, desmosomal proteins, hemidesmosomal proteins, or 
basement membrane zone proteins. Blisters form because 
adhesion fails between the keratinocytes (intraepidermal 
blisters) or within or below the dermo-epidermal junction 
(subepidermal blisters). Three subepidermal immunobullous 
diseases have been described in association with IBD: bul-
lous pemphigoid, linear IgA disease (LAD), and epidermoly-
sis bullosa acquisita (EBA).

 Etiology and Pathogenesis

The target antigens in bullous pemphigoid, LAD and EBA 
are in components of the basement membrane zone. In 
bullous pemphigoid autoantibodies to collagen XVII, a 
transmembrane component of the hemidesmosomes, 
appear to initiate disease. The IgA class autoantibodies in 
LAD are also directed against epitopes in collagen 
XVII. Type VII collagen, a component of the anchoring 
fibrils that fasten the lamina densa of the basement mem-
brane to the underlying papillary dermis, is the antigen in 
EBA [30].

 Epidemiology and Associations

Autoimmune blistering diseases are not common and even 
less common in patients with IBD. Even bullous pemphi-
goid, the most common immunobullous disease, is rarely 
reported in IBD. However, the association between IBD and 
immunobullous diseases appears to be genuine and may 
reflect a genetically determined susceptibility to develop 
autoimmune diseases.

 Clinical Features

Bullous pemphigoid presents with itchy urticated papules or 
plaques and tense blisters, 1–3 cm in diameter, on inflamed 
or normal-appearing skin (Fig. 54.7). Blistering tends to pre-
dominate on the lower trunk, flexural surfaces of limbs, axil-
lae and groins. Blisters heal without scarring. Oral blisters 
are present in about one third of patients.

Blisters in LAD may resemble those in bullous pemphi-
goid or patients may have small itchy vesicles on extensor 

surfaces that suggest dermatitis herpetiformis. Patients may 
have mucosal involvement.

Patients with EBA notice skin fragility or blistering in 
areas exposed to trauma, e.g., knuckles, elbows, knees, toes. 
Blisters may be hemorrhagic and underlying skin inflamed 
or scarred. Patients may develop a nail dystrophy or scarring 
alopecia. Mucosal lesions are unusual. The signs may sug-
gest porphyria cutanea tarda.

 Diagnosis and Histopathology

More common causes of blistering such as infection, 
acute eczema or a drug eruption should be excluded 
before considering an autoimmune blistering disease—
see Table 54.8.

To confirm the diagnosis of an immunobullous disease, 
take blood for indirect immunofluorescence microscopy to 
look for circulating autoantibodies to antigens in the base-
ment membrane zone and biopsy a pre-bullous urticated 
lesion or a small blister for histology (blisters are subepider-
mal). Also snap freeze a biopsy from perilesional skin for 
direct immunofluorescence microscopy to look for deposits 
of immunoglobulin and complement.

 Treatment

The course of these diseases is punctuated by exacerbations 
and partial remissions. Blistering in bullous pemphigoid is 
usually controlled by combinations of very potent topical 
corticosteroids and systemic corticosteroids (30–60 mg/
day). Tetracycline (500–2000 mg/day) in combination with 
nicotinamide (500–2500 mg/day) has been advocated in 
mild to moderate disease [31]. Systemic corticosteroids, 

Fig. 54.7 Bullous pemphigoid with urticated papules, tense blisters 
and crusted erosions on an erythematous background
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dapsone, intravenous immunoglobulins, plasmapheresis, 
and rituximab are used with variable success in EBA and 
LAD. Experimental data suggests that the heat-shock pro-
tein- 90 (HSP-90) blockers may prove to be a promising 
alternative for treatment of BP, EBA, and dermatitis herpeti-
formis [32]; however, clinical data are not yet available.

 Cutaneous Adverse Effects of Treatment

Cutaneous adverse drug reactions are common (2–3 % of 
hospitalized patients), the signs diverse and time courses 
variable. The predisposition to idiosyncratic drug reactions 
probably involves both genetic and environmental factors. 
Reactions may not settle immediately when the drug is with-
drawn and some persist for months[1].

 Corticosteroids

Cutaneous adverse effects of corticosteroids include cuta-
neous atrophy, telangiectasia, acne-like pustular rashes 
and cutaneous infections, both bacterial and candidiasis. 
Recurrent staphylococcal folliculitis may be a problem in 
some patients. The nostrils should be swabbed for bacte-
rial culture and nasal carriage of staphylococcus aureus 
eradicated with mupirocin 2 % ointment. Antiseptic skin 
cleansers or bath additives containing triclosan may be 
helpful.

 Sulfasalazine

Sulfasalazine is a combination of 5-aminosalicylic acid and 
sulfapyridine. Photosensitivity may be troublesome, but skin 
failure caused by reactions such as erythroderma, drug rash 
with eosinophilia and systemic symptoms (DRESS) or toxic 
epidermal necrolysis is life-threatening.

 Photosensitivity
Patients who are photosensitive develop a scaly erythema-
tous rash on exposed skin. The rash tends to involve the 
prominences of the forehead, the nose, the cheeks, particu-
larly over the cheekbones, the back of the neck, if not cov-
ered by hair, and the upper chest where the shirt sits open. 
The extensor surfaces of forearms and the backs of the hands 
may also be affected. Involved skin may pigment. Covered 
skin is spared. Sparing is usually apparent around the orbit 
(ask the patient to close his eyes to see the eyelids), on the 
upper lip, under the nose, below the chin, behind the ears, 
and under the hair on the forehead or at the back of the neck.

Ideally sulfasalazine should be withdrawn, but it may be 
possible to reduce the impact of photosensitivity with hats, 
clothing and regular application of a high-factor sunblock to 
all exposed skin. A moderate or potent topical corticosteroid 
ointment will reduce erythema and itch.

 Erythroderma
Erythroderma (exfoliative dermatitis) is defined as erythema, 
with variable amounts of scale, affecting 90 % or more of the 
body surface. Numerous drugs including sulfasalazine have 
been reported to cause erythroderma, but erythroderma may 
also be secondary to primary skin diseases such as eczema or 
psoriasis and, rarely, to cutaneous T-cell lymphoma.

Most of the skin is itchy, erythematous, and scaly. 
Sometimes the skin is edematous or blisters and oozes serous 
fluid. Hair and nails may be lost. Fever, malaise, and lymph-
adenopathy are common.

Any potentially causative drug should be withdrawn. 
Patients lose heat and may become hypothermic so tempera-
ture should be monitored. The skin barrier is inadequate, 
increasing the risk of infection as well as loss of fluid and 
electrolytes. Cardiac failure is another complication, particu-
larly in the elderly. Bland emollients applied 3–4×/day will 
soothe itchy inflamed skin and soap should be avoided. A 
sedating antihistamine will reduce irritation. Potent topical 
corticosteroids or oral corticosteroids are helpful in erythro-
derma secondary to drugs or eczema.

 Stevens–Johnson Syndrome (SJS) and Toxic 
Epidermal Necrolysis (TEN)
These life-threatening conditions usually develop 2–3 weeks 
after starting drugs such as sulfonamides, aminopenicillins, 
antiepileptics, or allopurinol. Vague flu-like symptoms 
(fever, cough, headache, sore throat, rhinorrhea, and mal-
aise) may precede the onset. Epidermal involvement is more 
severe and widespread in TEN (>30 % body-surface area) 
than in SJS (<10 % body surface area).

SJS: Poorly defined, painful erythematous macules 
evolve rapidly into papules and target lesions, with two or 
three concentric zones of color change and dark purpuric 
centers. Large bullae rupture leaving denuded skin. The rash 

Table 54.8 Causes of widespread blistering

• Acute eczema
• Cutaneous infections

•  Viral—herpes simplex (may generalize in conditions such as 
atopic eczema) or varicella-zoster (chickenpox).

•  Bacterial—widespread staphylococcal infection (bullous 
impetigo)

• Burns
•  Staphylococcal scalded skin syndrome caused by a circulating 

exotoxin produced by Staphylococcus aureus
• Drug reactions

• Stevens–Johnson syndrome
• Toxic epidermal necrolysis (TEN)

• Autoimmune blistering diseases
• Cutaneous porphyria

• Epidermolysis bullosa (EB) group of diseases (genetic)
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is usually maximal by the fourth day. SJS is characterized 
by severe mucosal ulceration with involvement of at least 
two mucosal surfaces (lip, oral cavity, conjunctiva, nasal, 
urethra, vagina, gastrointestinal tract, respiratory tract). The 
lips become crusted and hemorrhagic. Painful stomatitis 
interferes with eating and drinking. Purulent conjunctivitis 
is associated with photophobia. Late ocular complications 
include dry eye, scarring, and loss of vision.

TEN: Painful skin or a burning discomfort may herald the 
onset. The tender dusky erythema progresses to widespread 
blistering involving <30 % of body-surface area. The thin- 
walled blisters rupture easily and large sheets of necrotic epi-
dermis detach leaving a painful denuded oozing dermis 
(Fig. 54.8). Even gentle pressure extends blisters and inad-
vertent shearing pressure when handling the patient may 
cause further detachment. Mucosal ulceration may cause 
dysphagia, photophobia, or painful micturition. Epithelia of 
trachea, bronchi, and gastrointestinal tract may also be 
involved. Sequelae include scarring, irregular pigmentation, 
dry eye, corneal scarring, photophobia, visual impairment, 
phimosis, and vaginal synechiae.

All systemic drugs started within the preceding 4 weeks 
should be withdrawn and patients should be admitted to an 
intensive therapy unit or burn unit for supportive care. IV 
immunoglobulins, 1 g/kg for 4 days, have been recom-
mended but their role is unproven. Systemic corticosteroids 
increase the risk of infection and should be avoided [33].

 Drug Rash, Eosinophilia, Systemic Symptoms 
(DRESS)
DRESS (also known as hypersensitivity syndrome) is a life- 
threatening cutaneous reaction. Typically DRESS presents 
2–6 weeks after the drug is started with a morbilliform ery-
thematous rash, facial edema simulating angioedema, 
lymphadenopathy, a high fever, leukocytosis (often with an 
eosinophilia), and abnormal liver function tests. Some 

patients progress to liver failure. Kidneys, lungs, or heart 
may be affected. Any suspected drugs should be withdrawn. 
Early treatment with oral prednisolone (0.8–1 mg/kg body 
weight) or IV methyl prednisolone has been recommended 
to prevent progression [34].

 Tumor Necrosis Factor-Alpha (TNF-α) 
Antagonists

Although these drugs are used in the treatment of psoriasis, 
paradoxically TNF-α antagonists induce psoriatic-like rashes 
in some individuals. Plaque, guttate, and pustular psoriasis 
have been reported as well as pustular reactions on palms 
and soles (palmoplantar pustulosis). An alopecia associated 
with psoriasiform lesions has been described [35]. Other 
skin problems such as eczema, skin infections, and acne-
iform rashes have also been observed. Lichen planus, both 
cutaneous and oral, emerges as a side effect of treatment 
with TNF-α antagonists [36, 37], and lichen planopilaris has 
been reported [38]. In one study, 62 % of 50 patients with 
IBD developed a cutaneous reaction within 12 months of 
starting adalimumab [39]. In many patients it is possible to 
continue treatment with the TNF-α antagonist or a substitute 
from the same class while controlling the skin problem with 
topical treatments, sometimes in combination with systemic 
agents, under the guidance of a dermatologist [40].
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The most common extraintestinal manifestation in inflam-
matory bowel disease (IBD) is musculoskeletal disease. 
Arthritis associated with IBD is distinct from rheumatoid 
arthritis and is classified with an extended disease group, 
namely the spondyloarthropathies (SpA). The spondyloar-
thropathies share common pathophysiology, clinical mani-
festations, and approaches to investigation and management. 
Remarkably, they also provide for evolution of the clinical 
phenotype across tissue compartments, e.g., an IBD domi-
nant presentation may evolve to include significant musculo-
skeletal or ocular involvement. Such disease developments 
may impose substantial novel impact on quality of life and 
require an altered management approach and prioritization. 
Indeed they may become the dominant clinical issue over 
time, transiently or in perpetuity. Cross-disciplinary recogni-
tion of the propensity for a developing presentation and man-
agement of disease evolution is therefore essential. Herein 
we summarize the key elements of the musculoskeletal ele-
ments required for the management of IBD and its wider dis-
ease spectrum.

 Epidemiology

25–40 % of patients with IBD have extraintestinal manifesta-
tions [1], 5–20 % have peripheral arthritis, 1–26 % have 
spondylitis, and 24 % have asymptomatic sacroilitis found 
on magnetic resonance imaging (MRI) [1]. Patients recog-
nize this, with arthritis identified by more IBD patients 
(77 %) as a potential complication of their bowel disease 
than any other complication—including colon cancer [2]. 

Peripheral arthritis secondary to IBD occurs equally among 
the sexes but axial involvement is threefold more common in 
males [1]. African-Americans are more likely to develop 
sacroilitis than white Americans [3]. Risk factors for devel-
oping an extraintestinal manifestation include the require-
ment for surgery and the presence of another extraintestinal 
manifestation in a different system (consistent with the 
notion of phenotypic and pathophysiologic mobility across 
tissues). Patients with colonic disease are more likely to 
develop arthritis, with higher risk in patients with colonic 
Crohn’s disease (CD) than ulcerative colitis (UC) [1]. In CD 
the risk is also increased by smoking or a young age at diag-
nosis (<40years) [4]. The arthritis of IBD can be equally, or 
more, disabling than the underlying bowel disease; or can 
herald the disease itself—in 10–30 % of patients with IBD- 
related arthritis, the arthritis presents first [1]. Furthermore, 
around 60 % of patients with ankylosing spondylitis (AS) 
have subclinical bowel inflammation [5].

 Classification

The conditions collectively referred to as SpA have shared 
characteristics and can be subdivided dependent on precipi-
tating disease as illustrated in Figs. 55.1 and 55.2.

More recently, it has been considered that the SpA group 
may instead be different phenotypes of the same disease pro-
cess and should be subdivided into whether the joints 
involved are predominantly peripheral or in the axial skele-
ton. This classification allows for a pragmatic approach to 
diagnosis and management of the spondyloarthropathies. 
Furthermore, the previously smaller and less researched 
groups, such as arthritis associated with IBD (and undiffer-
entiated SpA) can be incorporated into larger studies. At the 
same time, this collectivization may prevent identification of 
smaller differences and patient subgroups who may benefit 
from differing investigation or management. In both 
 classifications there are patients who will not fit into the 
attempted discrete categorization.
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 Pathogenesis and Pathophysiology

Most of our knowledge of the pathophysiology of IBD 
related arthritis has been derived from AS and PsA. Roles of 
genetic and environmental factors have been recognized and 
an improved understanding of the inflammatory pathways 
involved has led way to new treatment strategies.

 Genetics

Genome-wide association studies (GWAS) have identified 
genetic factors shared between AS, psoriasis and IBD, as 

well as disease-specific susceptibility gene loci. The shared 
genetic factors appear to be predominantly genes with roles 
in intracellular antigen processing, the type 17 helper T 
(TH17) cell pathway and the nuclear factor kappa B pathway. 
Thus, the immune response is clearly implicated and there-
fore immune mediated mechanisms in the common features 
of disease. Of note is that interleukin (IL) 23 receptor vari-
ants confer susceptibility to AS, psoriasis, PsA, CD, and UC 
[6, 7] leading to particular interest in this pathway for thera-
peutic purposes. The most significant SpA susceptibility 
gene identified to date is a series of alleles of the human leu-
kocyte antigen (HLA) region of the major histocompatibility 
complex (MHC). The HLA-B27 allele is present in over 
85 % of patients with AS but only 1–5 % of carriers develop 

Fig. 55.1 From Zeider H, Amor B. The Assessment in Spondyloarthritis International Society (ASAS) classification criteria for peripheral spon-
dyloarthritis and for spondyloarthritis in general: the spondyloarthritis concept in progress. Ann Rheum Dis. 2011;70:1–3
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Fig. 55.2 Pragmatic approach to the classification of the spondyloarthropathies. Whichever system is chosen, there are undoubtedly patients who 
share characteristics with more than one group
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the disease [8]. Nearly all patients with IBD who are HLA- 
B27+ develop AS [1] and HLA-B27+ individuals are more 
likely to develop reactive arthritis. The exact mechanism for 
how HLA-B27 confers a risk is unknown though several 
mechanisms are proposed. These include some primary 
pathway whereby antigen presentation is paramount to a 
class I restricted cell lineage (e.g., CD8 T cells). However, 
HLA-B27 molecules have the propensity to misfold and as 
such have been shown to cause endoreticulum stress—this in 
turn can promote myeloid lineage cytokine production, par-
ticularly of IL-23 leading to theoretical amplification of the 
type 17 immune response that has been associated with dis-
ease. Finally it is proposed that HLA-B27 homodimers can 
form that in turn can activate innate lineage cells via killer 
receptor recognition. The identification of the endoplasmic 
reticulum aminopeptidase 1 (ERAP1) gene as a further sus-
ceptibility gene for to AS in HLA-B*27+ individuals suggest 
that they work in the same pathway to affect disease suscep-
tibility [8]. ERAP1 trims peptides in the endoplasmic reticu-
lum in preparation for binding to MHC class 1 molecules. 
This perhaps offers antigen presentation dependent pathways 
as more likely than misfolding of HLA-B27 as the dominant 
mechanism. That said none are mutually exclusive and as 
this is a polygenic disorder there may be several routes to 
disease susceptibility and progression. Much further work in 
which GWAS outcomes, detailed clinical phenotyping, and 
ex vivo immune analyses are combined will assist in resolu-
tion of these issues.

 Environmental Factors

The most often described example of an environmental fac-
tor causing SpA is a bacterial infection preceding reactive 
arthritis. Although most patients with reactive arthritis have 

a self-limiting illness, up to 20 % develop AS within 
10–20 years [9]. However, recently the critical role played by 
the microbiome in defining risk susceptibility has come to 
the fore in many autoimmune disorders, with IBD and SpA 
no exception. Dysbiosis of the intestinal microbiota is a rec-
ognized concept in IBD, and has been suggested to play a 
role in the SpA spectrum as well [9]. Transgenic rats express-
ing HLA-B27 develop a SpA like illness and colitis and rais-
ing the rats in a germ-free environment reduces these 
phenotypes [9]. In humans, initial studies did not identified 
any consistent differences between AS and controls [9], but 
recently a decreased diversity in the gut microbiota with 
similar microbiota profile to that of IBD, has been identified 
in PsA [10].

Biomechanical stress is a further factor implicated in the 
pathogenesis of SpA. Studies have mainly focused on the 
enthesis, the site of tendon insertion into bones, which are 
anatomical sites under high biomechanical stress—enthesitis 
is often one of the first signs of SpA [11, 12]. In animal mod-
els, mechanical stress can induce enthesitis with inflamma-
tion progressing to adjacent tissues [11]. The same 
mechanism has not been proposed in human SpA; PsA and 
PsA nail disease tend to localize to sites of mechanical stress 
and there are associations between PsA and joint trauma and 
occupations involving heavy lifting [11].

 The IL-23—TH17 –IL-17 Pathway

The clinical features of SpA are the result of a cascade of pro-
inflammatory adaptive immune cells and the cytokines that 
they produce. The cascade, as illustrated in Fig. 55.3, is initi-
ated by the interaction of an antigen-presenting cell (APC) with 
a naive CD4+ T cell [13]. The APC is typically a dendritic cell 
but could comprise a B cell or macrophage. In the presence of 

Fig. 55.3 Pro-inflammatory 
immune cells produce cytokines 
which can lead to relevant clinical 
manifestations. Taken from 
Raychaudhuri SP. Role of IL-17 in 
psoriasis and psoriatic arthritis. 
Clin Rev Allergy Immunol. 
2013;44(2):183–93
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IL-12, naive CD4+ T cells differentiate to TH1 cells which pro-
duce interferon-ɣ. This can activate macrophages that in turn 
release additional cytokines, including tumor necrosis factor-α 
(TNF-α) and IL-1 [13]. If instead IL-6 and TGF-β are expressed, 
together with IL-1, the antigen- activated precursor T cell devel-
ops down the TH17 pathway by inducing the expression of 
IL-21 [14]. IL-21 drives the expression of the TH17-specific 
transcription factor retinoic acid receptor (RAR)-related orphan 
receptor (ROR)-γ that in turn induces the expression of the 
receptor for IL-23, a cytokine that further amplifies TH17-cell 
differentiation [14]. TH17 produce cytokines such as TNF-α, 
IL-22, and IL-17A and F. The roles of IL-23 and IL-17- 
secreting TH17 cells are described below.

 IL-23
IL-23 serum levels are elevated in patients with PsA and AS 
[15]. Dendritic cells and macrophages are the major sources of 
IL-23, which is produced in response to microbes and also 
HLA-B*27 receptor misfolding [16, 17]. By inference they 
likely therefore have a role in the arthropathy of IBD. In exper-
imental mouse models, overexpression of IL-23 activates a 
group of TH17 cells, RORγδ+CD3+CD4-CD8- T cells, in enthe-
seal tissue [16]. These activated T cells can then promote local 
inflammation and bone remodeling through a variety of effec-
tor mediators, including IL-17 and IL-22, which along with 
TNF-α, contribute to inflammation, osteoproliferation, and 
bone loss. The result is a SpA like illness in mice with enthesi-
tis, arthritis, psoriasis, and aortic root inflammation [16]. 
Blocking IL-23 with Ustekinumab (via p40 inhibition) is a 
licensed treatment for PsA, as described below lending further 
credence to the role of this pathway in the SpA spectrum.

 TH17 and IL-17
There are several subtypes of IL-17 (IL-17A-F) and they sig-
nal through a family of IL-17 receptors (IL-17R). IL-17s are 
proinflammatory cytokines and IL-17A can act synergisti-
cally with TNF-α and IL-1 [1, 18]. In skin psoriasis, the 
expression of IL-17A, IL-17F, and IL-17C is significantly 
increased in psoriatic plaques [19] and IL-17RA is expressed 
on keratinocytes and mediates response to IL-17A and 
IL-17F. In PsA, high levels of IL-17A may be expressed by 
TH17 cells, neutrophils, and synoviocytes [3, 20]. Elevated 
circulating levels of TH17 are found in both patients with 
PsA and AS [15]. There is an increase in IL-17 secreting 
cells in peripheral blood mononuclear cells and in the facet 
joints in patients with AS and in synovial fluid of patients 
with PsA [13, 21–23]. Furthermore, synoviocytes in PsA 
express high levels of the IL-17A receptor (IL-17RA) [13]. 
IL-17 signaling promotes attraction of neutrophils, TH17 
cells and dendritic cells, thereby driving a variety of inflam-
matory cell lineages to amplify the inflammation cascade 
[24]. Although overexpression of IL-17 alone does not lead 
to primary pathology [16], blocking IL-17 has proved to be 
effective in treating SpA models.

 New Bone Formation

Ankylosis, new bone formation extending from, and beyond, 
the normal border of bone [25], is a feature of SpA. This 
occurs as progenitor cells in the extracellular matrix are 
committed to developing into osteoblasts and chondrocytes 
via disruption of bone homeostatic signaling pathways [25]. 
Two bone protein regulatory families deserve particular 
attention, namely BMPs and Wnts. These pathways are criti-
cal in regulating the extracellular matrix via effects upon cell 
signaling and transcription promoting chondrogenic differ-
entiation and hypertrophy, and new bone formation via 
osteoblasts respectively. Critically they appear to operate as 
a downstream effect of IL-23 [25]. It is not yet understood 
whether inflammation, and its resolution, results in new bone 
formation or whether inflammation and bone formation are 
two separate processes in the same disease [25]. On MRI, 
sites of ankyloses correlate to previous sites of inflammation, 
but sites of syndesmophytes do not [25]. TNF-inhibitors 
appear to have no influence on development of new bone 
formation; however, it appears NSAIDs do [25]. Control of 
inflammation does resolve the trabecular bone loss contribut-
ing to the osteoporosis seen [25]. In SpA, the contradictory 
presence of osteoporosis next to new bone formation in 
ankyloses is seen [25]—trying to understand and target bone 
metabolism at the molecular biomarker and therapeutic lev-
els is therefore challenging.

 Clinical Features

The clinical presentation of SpA can broadly be divided into 
peripheral or axial disease—certainly this comprises a clini-
cally useful and pragmatic classification. The symptoms can 
however be overlapping, and enthesitis has been suggested to 
be the cardinal feature of all forms of SpA [20]. Long-term 
disability in SpA is caused by pain, fatigue and especially is 
associated with new bone formation causing disruption of 
joint function and altered mechanical load leading to chronic 
pain and functional impairment [25]..

 Peripheral SpA

The cardinal features of inflammation with pain, erythema, 
heat, swelling, and stiffness with subsequent loss of 
 function of peripheral joints are seen in peripheral 
SpA. Classically, patients describe progressive onset of 
symptoms with significant morning stiffness in affected 
joints. Symptoms typically improve with activity. The 
number and distribution of joints involved can vary. 
Peripheral SpA associated with IBD can be further divided 
into types 1 and 2 (see Table 55.1). Dactylitis, inflamma-

tion of a digit (which does not obviously localize to an 
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articular structure, but rather to the entire digit), can also 
be present. Type 1 peripheral arthritis is associated with 
larger and fewer joints, appears to be related to the course 
of the inflammatory bowel disease, and causes a self-limit-
ing disease that does not cause erosions [5]. Type 2 periph-
eral arthritis is a symmetrical polyarticular disease that can 
last for decades and is associated with destructive (erosive) 
changes in the joints. It does not appear to be related to the 
course of the underlying bowel disease [5].

 Axial SpA

AS is the model disease of axial SpA. Patients complain of 
inflammatory back pain (see Table 55.2; Fig. 55.4) with early 
morning stiffness improving with exercise. Sacroiliitis can 
cause pain in the buttocks that may radiate to the thighs. 
Chronicity can result in ankyloses of the spine with irrevers-
ibly reduced range of movement. It is now rare however to 
see the classical deformities of the AS spectrum.

Table 55.1 Clinical features of spondyloarthropathies in inflammatory bowel disease

Disease Type 1 peripheral arthritis Type 2 peripheral arthritis Axial

Frequency in IBD 5 % 3–4 % 5–12 %

Site Lower limb upper limb Spine

Type Large Joint Small Joint, MCPs Usually sacroiliac

No. of joints <5 (Oligoarticular) >5 (Polyarticular) Also affect costal joints

Duration <10 weeks, can recur Months-Years At least 3 months

Relation to IBD symp Related Independent Independent

Symmetry Asymmetric Symmetric Monolateral

Surgical Cure of IBD Resolves Persists Persists

Erosions No Yes Ankyloses

Table 55.2 Features of inflammatory back pain

• Insidious onset

• Morning stiffness in the spine for more than 30 min

• Improvement of pain and stiffness with exercise and not with rest

• Pain at night, usually in the second half with improvement on getting up

• Alternating buttock pain

The back pain in AS and non-radiographic axial SpA typically starts before 45 years of age and runs a chronic or relapsing course (duration of 
more than 3 months)

Taken from: Poddubnyy D, Rudwaleit M. Early Spondyloarthritis. Rheumatic Disease Clinics of North America, Vol 38, Iss 2, May 2012, 
pp. 387–403

Back  pain Back  pain Back  pain

Syndesmophytes

Time,  y

MRI: active sacroiliitis

Nonradiographic stage
(nr-axSpA)

 Radiographic  stage
(AS)

Radiographic sacroiliitis

Fig. 55.4 The progression of 
back pain. Adapted from 
Rudwaleit M, Sieper 
J. Referral strategies for early 
diagnosis of axial 
spondyloarthritis. Nat Rev 
Rheumatol. 2012;8(5):262–8
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 Extra-articular Features and Comorbidities

Extra-articular manifestations of SpA include uveitis and 
more rarely aortic involvement [4, 26]. Several respiratory, 
renal, and neurological conditions have been associated with 
AS. Furthermore, patients with PsA and AS are at increased 
risk of cardiovascular diseases [27] and good practice is to 
screen patients with SpA for cardiovascular risk factors [28]. 
This has been enshrined in the EULAR guidelines for the 
management of cardiovascular disease in the presence of the 
common arthropathies. Particular note should be made of the 
recommendation that the risk for cardiovascular disease be 
amplified by a factor of 1.5 when applying national risk 
score attribution for the commencement of statins in vascular 
protection. It is notable that the association between chronic 
inflammatory disease and vascular risk is much less secure in 
the IBD literature and as such the recommendations should 
be most closely followed in the context of dominant articular 
or cutaneous disease (psoriasis). Additional comorbidities of 
note comprise those in the brain (depression, cognitive 
impairment, anxiety) and in wider metabolic syndrome and 
development of type II diabetes mellitus (especially in those 
patients with coincident psoriasis).

 Assessment and Diagnosis

There is a broad differential for diagnoses that manifest GI 
and rheumatic manifestations (see Table 55.3).

There are distinct diagnostic criteria for axial versus 
peripheral SpA; however, these have primarily been designed 
for research purposes and neither have the specificity or sen-
sitivity to properly replace diagnosis by an experienced 
 rheumatologist which remains the gold standard. Importantly, 
in PsA, delayed diagnosis is associated with worse outcomes 
with development of joint erosion, lower chance of achieving 
drug-free remission and worse health assessment question-
naire (HAQ) scores [29]. Thus the clinical take home is to 
refer for assessment any patient with IBD who expresses 
musculoskeletal features and to expedite those with red flags 
for inflammation including obvious synovitis, early morning 
stiffness, and functional decline.

 Peripheral SpA

If a patient has only symptoms of peripheral disease, the fol-
lowing criteria are applied.

Table 55.3 Potential diagnoses that combine GI and rheumatic presentations

IBD related

Disease related Drug related Non-IBD related

Arthritis Axial Enthesitis Osteoporosis Septic 
arthritis

Osteonecrosis Reactive 
arthritis

Whipple’s 
disease

Gluten 
sensitive 
enteropathy

HIV

Perhaps given reliance on clinical features, sensitivity is 78% and specificity 82%25.

Arthritis, Enthesitis or Dactylitis

And either:

Underlying predisposition

(psoriasis, IBD, preceding
urological/ GI infection, or HLA-

B27 positive)

Two Further Clinical Features

(arthritis, enthesitis, dactylitis,
positive family history or
inflammatory back pain)

Features in another system

(uveitis or sacroilitis on MRI/ X-ray)
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Perhaps given reliance on clinical features, sensitivity is 
78 % and specificity 82 % [25].

 Axial SpA

If a patient has axial disease or peripheral and axial disease 
the following pathway should be applied [30].

≥3 months of Back Pain with onset
<45 years of age,

and either:

HLA-B27 positive

plus 2 of:

Synovitis on Imaging

plus 1  of:

Inflammatory Back Pain

Extraspinal manifestations

1st or 2nd degree Family history of
SpA

(HLA-B27 if down imaging line)

Elevated CRP

Good response to NSAIDs
 

Imaging is an important component of assessment and 
when positive comprises an important diagnostic clue—with 
an associated SpA feature it can carry a specificity of 97 %. 
However, negative imaging does not exclude the diagnosis 
and in particular may miss early disease—thus the sensitiv-
ity of this arm is 66 %, and hence a “clinical arm” has been 
included which has a lower specificity of 85 % but a higher 
sensitivity of 83 % [30]. Due to its lower specificity, two 
rather than one additional features are required. Of note, 
patients were only used in the criterion if they had had back 
pain for 3 months and were under 45. It can be expected that, 
at least, the specificity of the criteria will be reduced when 
applied in older age groups as other causes of back pain 
become more prevalent.

Disease scores. There are several scoring systems that can 
be used to assess disease activity and the functional impact of 
the disease. They can be used to justify treatment with biolog-
ics and serial measurement is a means to formally assess 
response to treatment. The choice of scoring system depends 
on the clinical manifestation. In axial SpA, the Bath 
Ankylosing Spondylitis Disease Activity Index (BASDAI) and 
Assessment of Spondyloarthritis international Society Health 
Index (ASAS HI) are used—the latter is preferred by ASAS 

(http://www.asas-group.org/clinical-instruments.php?id=01). 
They are both self-rated scoring systems. For the BASDAI, 
patients score the severity of their symptoms between 0 and 
10. The ASAS HI is a questionnaire of 17 binary responses to 
statements about ability to perform in everyday situations 
based on the WHO International Classification of Functioning 
Disability and Health (ICF) [31]. In peripheral SpA, scoring 
systems like the Disease Activity Score (DAS) comprising a 
composite measure of joint examination by a trained assessor, 
patient assessment of global health and markers of inflamma-
tion have been adapted from their use in RA. There are also 
scoring systems for enthesitis and dactylitis (described in 
detail by Mease [32, 33]).

 Investigations

 Blood Tests

C-reactive protein (CRP) and the erythrocyte sedimentation 
rate have low specificity but can reflect disease activity, and 
CRP can aid diagnoses. High sensitivity CRP does not pro-
vide any further usual information [34]. Other biomarkers 
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are not yet reliable, sensitive, or specific enough to be used 
out with clinical trials [35]. HLA-B27 should be measured 
and has an appreciable sensitivity (66–78 %) and specificity 
(73–94 %) [34]. The acute phase response does not distin-
guish gut from articular inflammation and cannot replace 
detailed clinical assessment.

 Plain XR

XR can detect destructive changes and bone proliferation 
[35], both in peripheral and axial SpA. Sacroilitis on XR and 
with an associated feature carries a specificity of 97 % for AS 
[30]. Plain anteroposterior X-ray of the pelvis is the recom-
mended view when investigating for axial SpA [34], allow-
ing assessment of both sacroiliac joints and hip joints. XRs 
are however not sensitive to detect early disease [34] and 
MRI is then the imaging of choice.

 Ultrasound

Imaging by US is useful to assess for inflammation in periph-
eral joints and enthesis. In PsA, an ultrasound composite 
score can reliably determine overall disease activity when 
applied to multiple sites [36]. It can show hypoechoic thick-
ening of the tendon/ligament, erosion, spur formation or 
fluid collected in adjacent bursa. Power Doppler further 
increases the sensitivity to inflammation and should consti-
tute part of a routine assessment. US has not been formally 
tested in the context of IBD—many studies have detected 
subclinical enthesitis in patients with psoriasis and it is likely 
that similar analyses of IBD patients will reveal sub clinical 
enthesial disease. Thus the clinician should have a low index 
of suspicion and refer to US assessment those patients with 
clinical features suggestive of enthesitis. This can be very 
helpful in patients with features also suggestive of 
fibromyalgia.

 MRI

MRI allows direct visualization of inflammation in periph-
eral and axial joints and entheses [35]. Perientheal osteitis, 
diffuse bone marrow edema adjacent to enthesial insertion, 
and soft tissue edema is looked for [20]. However, as the 
entheses are relatively avascular, fluid may not readily accu-
mulate during inflammation [20]. MRI is of particular impor-
tance in axial disease as active sacroiliitis can be detected by 
MRI but not by XR in the early stages [4, 37]. This is called 
nonradiographic axial SpA and is defined by the presence of 
sacroiliac inflammation as detected by MRI or the presence 
of HLA-B27 in combination with the presence of features 

typical of SpA [1, 38], A substantial proportion of patients 
with nonradiographic axial SpA will develop the radio-
graphic stage of AS over time [37]. The presence of syndes-
mophytes has the strongest predictive role for further 
radiographic progression in the spine [37].

To evaluate axial disease, sacroiliac joint MRI with T1 
and STIR protocol without gadolinium is the recommended 
method [34]. There is little value in imaging the rest of the 
spine; however, this may be useful if other causes of back 
pain are being investigated [34]. CT is not recommended due 
to poor sensitivity and significant radiation [34].

 Treatment

Collaboration between gastroenterologists and rheumatolo-
gists is essential to optimize the treatment of patients with 
IBD associated arthritis. In our practice we often conduct 
joint consultations to facilitate combined consistent decision 
making.

 Non-pharmacological

Patient education: Randomized controlled trials in pain and 
in other medical conditions have consistently shown better 
outcomes when patients are involved in their management 
[34]. We highly recommend therefore a shared approach to 
decision making and follow up. Extend scope practitioners 
should be engaged in such discussions to consolidate the 
shared decision approach.

Physiotherapy: Reduces pain and improves function in 
ankylosing spondylitis [34], as well as preventing deformity 
and associated respiratory compromise and disability [39]. 
Extending these findings to all spondyloarthropathies is 
probably valid.

 Pharmacological

NSAIDs are the first line treatment in axial disease and can 
induce remission [34]. Naproxen appears to have both best 
efficacy and cardiovascular risk profile [34]. However, 
NSAIDs can exacerbate bowel inflammation especially in 
ulcerative colitis; there is no data about COX-2 inhibitors but 
they could theoretically have the same impact. NSAIDs 
should thus not be used in active inflammatory bowel dis-
ease. They may be used if IBD is in remission but require 
close monitoring and restriction to minimal effective dose 
and duration [39]. If there is any indication of bowel disease 
worsening, they should be discontinued [39].

Glucocorticoids may have a limited role in axial SpA 
which is refractory to NSAIDs; however, there is a lack of 
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evidence for their use. They provide rapid but short-term 
relief in symptoms but have multiple medium/ long-term 
adverse effects including on bone metabolism [34] so should 
not be used to maintain remission [39].

 DMARDs
These are not effective in axial disease [34]. Sulfasalazine 
can be effective to treat peripheral arthritis and ulcerative 
colitis but does not affect joint damage progression [39]. It 
appears to be most effective on peripheral joint symptoms in 
patients who have active ulcerative colitis [39]. Methotrexate 
is not routinely used in SpA but may have modest effects on 
peripheral joint symptoms. It appears to be useful in intesti-
nal symptoms of Crohn’s disease (CD) [39]. Azathioprine, 
leflunomide, and cyclosporine may have some effect in 
peripheral arthritis but there are few data to support their use 
[39].

 TNF-α Inhibitors
Biologic agents, specifically TNF inhibitors should be initi-
ated when treatment fails (defined in axial disease as ≥2 
NSAIDs, and in peripheral disease as DMARDs and ste-
roids) or where there is a poor prognoses (severe disease, 
high inflammatory markers or bone edema on MRI) [39]. A 
BASDAI >4 is the basis to start anti-TNF therapy [24]. 
Distinct health care economies may modify the criteria for 
the commencement of biologic agents (Table 55.4). TNF 
inhibitors, including infliximab, etanercept, adalimumab, 
golimumab, and certolizumab, have shown significant effi-
cacy in the management of axial spondyloarthritis, especially 
alongside NSAIDs and in early disease [34]. Efficacy appears 
similar between different anti-TNF agents, and in trials of 
patients who were otherwise nonresponders to other thera-
peutic modalities [40]. The INFAST part 1 trial showed that 
remission rates were significantly higher with infliximab 
versus naproxen (62 % vs 35 %) in early axial SpA (<3 years) 
[41]. The INFAST part 2 trial showed if early partial remis-
sion was obtained, this was maintained in almost half of 
patients 6 months after discontinuing the biologic [42]. In 
established disease, however, almost all those who achieve 
remission on infliximab relapse within 1 year if treatment is 
stopped [43]. Given the high response rate to naproxen, and 
that this response was seen early, a policy of early diagnosis 
with initial treatment with naproxen, and if no response, then 
early escalation to anti-TNFs has been suggested [44].

TNF-inhibitors licensed in related conditions are shown 
below; the first biosimilar has recently been approved for AS 
and PsA [24]. For the other spondyloarthropathies, recom-
mendations are to an extent extended from these trials, but 
both the clinical and the immunopathological responses in 
synovial tissue appear comparable across the different clini-
cal subtypes of peripheral spondyloarthritis [35].

TNF inhibitors however do not appear to affect new bone 
formation radiologically either axially or peripherally—this 
is important as bone proliferation and ankylosis leads to 
long-term, currently irreversible, deformity and loss of func-
tion [35, 44, 45]. In addition, in up to 40 % of patients anti- 
TNF agents are either inefficacious or cause adverse events 
[35], and efficacy can decrease over time—potentially due to 
development of antibodies to the drug. Whilst this can be 
addressed by switching to a different anti-TNF agent, 
response rate and duration of efficacy appears to decrease 
with each subsequent agent [35]. Thus novel pathways have 
more recently been explored and are described below.

Ustekinumab is a human monoclonal antibody that binds 
to the shared p40 subunit of IL-12 and IL-23, preventing 
binding to the IL12Rβ1 cell surface receptor. It was ini-
tially developed to treat moderate to severe plaque psoria-
sis. The subsequent PSUMMIT trials showed efficacy in 
PsA with 20 % or greater improvement in the American 
College of Rheumatology criteria (ACR20) in up to 50 % of 
participants [46, 47]. Improvements in dactylitis, enthesi-
tis, and axial symptoms were also observed [46–48], 
Ustekinumab has effects on reducing radiographic progres-
sion [49]. Ustekinumab has also shown efficacy in AS 
(30 % achieved partial remission and 65 % achieved 40 % 
reduction [24]); [2] and appears to be effective in intestinal 
disease in patients with CD, including those who were non-
responsive to infliximab [24].

Secukinumab is a human anti-IL-17A monoclonal anti-
body which has shown efficacy in AS [50] and PsA with 
ACR20 rates over 50 % [51]. It also reduces dactylitis and 
enthesitis and inhibits radiographic progression in PsA [51, 
52]. Secukinumab was not effective in CD intestinal disease 
and caused higher adverse events than placebo [24]. Further 
anti-IL-17 and -23 agents are in different stages of trials and 
early development [24].

A phosphodiesterase (PDE4) inhibitor (apremilast) 
which acts via inhibition of cAMP intracellular signaling 
modulates inflammatory mediators and their production, has 

Table 55.4 Biologics available for use in each of the spondyloarthopathies

AS and PsA Psoriasis IBD Anterior uveitis

Infliximab, Adalimumab, Certolizumab, 
Etanercept, Golimumab

Infliximab,
Adalimumab,
Etanercept
Golimumab
Certolizumab

Infliximab,
Adalimumab
(and Golimumab for UC)

Infliximab,
Golimumab

55 Arthritis, Arthropathy, and Osteoporosis in Inflammatory Bowel Disease



580

shown clinical efficacy in psoriasis and psoriatic arthritis and 
possibly a trend (not statistically significant) towards  efficacy 
in AS [35, 53, 54]. Further trials are ongoing and discussions 
are in place to evaluate its place in treatment strategy as it 
seems to be less effective than TNF inhibitors [24]. JAK 
(janus kinase) inhibitors influence transcription of a variety 
of effector inflammatory pathways and through this inhibit 
inflammatory cytokine expression [24]—early studies have 
shown benefit in psoriasis but no data exists for psoriatic 
arthritis or any other spondyloarthropathies at present [2].

Tight control: Treating to a defined target has been of 
fundamental importance in progressing the management of 
RA. Similar to RA, tight control in PsA produces better 
outcomes with a treat-to-target approach than with conven-
tional review [55]. Treat-to-target is the policy wherein pre-
defined disease activity levels guide therapeutic changes 
with patients reviewed 4-weekly and progressed through a 
protocol of predefined treatment if minimum disease activ-
ity is not met [56]. Thus far, no data are available that deter-
mine whether such an approach will benefit those with 
arthropathies associated with IBD—as an interim approach 
it would be reasonable to measure some element of articu-
lar and enthesial disease activity in patients with IBD 
arthropathy and escalate therapy in the presence of ongoing 
active disease.

Future questions: The above outlines some of the poten-
tial uses of treatment but there remain many unknowns. 
Questions include [24]:

• What are the effects of treatment on bone development?
• Do subgroups of patients exist to which treatment can be 

targeted?
• Should another anti-TNF be used if one has already failed 

or should the patient be switched to a treatment that works 
via another mode of action?

• What is the optimal order of biologic therapeutics as the 
new IL-17 and IL-23 inhibitors emerge?

• How safe will IL-17 blockade be in IBD as it becomes 
established in patients with psoriasis and PsA?

• As in RA, should methotrexate (or should NSAIDs?) be 
used prior to, or in addition to TNF blockade?

• How should drugs be tailored during remission and will 
dose reductions and the length of remission be different in 
different drugs?

 Osteoporosis

 Epidemiology

The prevalence of osteoporosis is estimated at 14–42 % for 
patients with IBD, although there are no population based data 
that has had universal case detection of osteoporosis [57].

 Definition

Osteoporosis is defined as a T score ≤2.5 standard deviations 
below the bone density of an average young healthy adult on 
DXA scan. The risk of fracture roughly doubles with each 
standard deviation below the mean [57]. It is asymptomatic, 
but increases the risk of fractures, which can have significant 
morbidity and mortality ensuing as a direct result.

 Risk Factors

There are multiple compounding factors that may explain the 
higher prevalence of osteoporosis in IBD patients; however, a 
Canadian study has shown that after controlling for all other 
risk factors CD (but not UC) is independently associated with 
a higher risk of osteoporosis [57]. Low weight, female gender 
and older age all increase the risk an individual IBD patient 
may have osteoporosis [57]. Treatments, including azathio-
prine and anti-TNF agents, have been found to be inconsis-
tently related—this may be because of the confounding factor 
of high disease activity [57]. Corticosteroid treatment, how-
ever, is well known to cause osteoporosis and is commonly 
used in IBD—50 % of patients have used corticosteroids 
within 5 years of diagnosis, and 20 % have used at least 3 g of 
prednisolone in a year [57]. Corticosteroids promote osteo-
clast survival and osteoblast apoptosis and can cause rapid 
bone density loss, with effects seen within months of starting 
corticosteroids. The severity correlates with daily and cumu-
lative doses and duration of therapy [57]. Furthermore, corti-
costeroids increase the risk of fracture beyond that which can 
be solely explained by the loss of bone density [57].

Increased systemic inflammation increases bone resorp-
tion and decreases new bone formation [57]. TNFα, IL-1 and 
IL-6 and IFNγ (all of which are increased in IBD) bind recep-
tors on osteoclast progenitors, promoting their maturation 
and activation, thus increasing bone resorption. This may 
explain why CD is an independent risk factor for osteoporosis 
[57]. Low vitamin D is commonly known to cause rickets and 
osteomalacia, but can also predispose to osteoporosis as it 
results in a low calcium and subsequent high PTH in response 
which promotes bone resorption. Up to 65 % of IBD patients 
have low vitamin D levels [57]. The major source of vitamin 
D is from exposure to sunlight but dietary intake is also 
important. It is likely bowel inflammation inhibits absorption. 
Both calcium and vitamin D are predominantly absorbed in 
the duodenum and proximal jejunum. In addition, absorption 
of vitamin D is dependent on dissolution in micelles and the 
major site of bile acid absorption is the terminal ileum [57]. 
Thus, patients with UC with terminal ileitis may have 
impaired vitamin D absorption, but patients with CD can have 
impaired vitamin D and calcium absorption in addition to 
generalized nutrient deficiencies [57].
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Small bowel resection is a risk factor for low vitamin D 
but osteoporosis does not consistently worsen after surgical 
resection in CD. This may be because patients who had 
required surgery had previously high levels of inflammation 
or were frequently using corticosteroids [57]. There is how-
ever an increased prevalence of osteoporosis in patients with 
UC who have had a total colectomy with an ileo-anal pouch 
even years after UC has been considered to be cured—per-
haps a result of reduced ileal absorption [57].

 Screening

This is done with DXA; however, CT can identify osteoporo-
sis if it includes lumbar spine—this may be useful as many 
IBD patients will undergo scans that will include this area to 
assess their bowel disease [57]. Systematic population 
screening for osteoporosis is not recommended in the 
UK. However, patients taking oral glucocorticoids should be 
considered for fracture-risk assessment and patients over the 
age of 50 years with IBD may also be considered for risk 
assessment, particularly if they have other risk factors [58]. 
The WHO Fracture Risk Assessment (FRAX) is a freely 
available online clinical scoring system that utilizes clinical 
factors to estimate fracture risk without knowledge of BMD 
and recommends if DXA scanning should be pursued. In 
addition, once DXA is used, this can be incorporated into the 
score and a treatment decision advised [58]. The QFracture 
score is an alternative risk calculator in which the contribu-
tion of multiple comorbidities is taken into account.

 Therapy

 Non-pharmacological

Falls assessment is also a key component of disease manage-
ment [57]. Exercises such as balance training and strength-
ening exercises are recommended.

 Pharmacological

All patients with IBD should be assessed for low vitamin D 
and if found, replaced [57].

Bisphosphonates are effective in increasing bone density 
in IBD patients [57]. The first line treatment in most cases is 
an oral bisphosphonate, such as weekly Alendronic acid 
[58]. The second line treatment is with yearly intravenous 
Zolendronic acid infusions or subcutaneous denosumab 
every 6 months. Zolendronic acid can also be used first line 
in patients whom the oral route is not an option. Denosumab 
is a monoclonal antibody against the receptor activator of 

nuclear factor kappa B ligand and inhibits osteoclastic bone 
resorption. Terliparatide (parathyroid hormone) is recom-
mended in patients with severe osteoporosis and appears to 
be of particular benefit for vertebral osteoporosis.

 Summary

The musculoskeletal manifestations of IBD require a multi-
disciplinary approach to optimize the assessment and man-
agement of patients with this complex combination of 
chronic inflammatory presentations. Vigilance for pheno-
typic clinical drift and rapid evaluation of new tissue mani-
festations of disease should become the norm. Judicious use 
of imaging combined with clinical communication and 
assessment will allow early recognition of disease manifesta-
tions. It appears that early interventions improve outcomes 
across the spectrum of inflammatory arthropathies and as 
such early disease recognition and active intervention seems 
likely to improve outcomes in the longer term. Similarly the 
proliferation of pathophysiologic discoveries across the SpA 
spectrum will facilitate an increasing pipeline of therapeutics 
with the capacity to alleviate many of the tissue-specific 
manifestations of the IBD/articular spectrum of disease.
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 Malnutrition and Nutrient Deficiencies

It is estimated that as many as 75 % of hospitalized patients 
with Crohn’s disease are malnourished [1]. The prevalence of 
malnutrition is significant even for patients considered to be in 
clinical remission. Bin et al. observed decreased handgrip 
strength of 73 % of subjects who had been in remission at least 
3 months [2]. Similar observations were made by Valentini 
et al. despite the presence of normal body mass index (BMI) 
and serum albumin concentration [3]. In general, the likeli-
hood of nutritional deficiencies is greater in patients with 
Crohn’s disease than in those with ulcerative colitis. Reduced 
intake of food because of abdominal cramping, nausea, and 
nutrient loss in diarrhea are prominent causes of weight loss in 
patients with IBD. Intestinal malabsorption also contributes to 
malnutrition in patients with active IBD, primarily those with 
Crohn’s disease involving the small intestine in whom entero-
enteric fistulas that bypass large segments of the proximal 
intestine may also result in substantial nutrient malabsorption. 
Extensive mucosal disease, bacterial overgrowth proximal to 
strictures, and surgical resection all contribute to malabsorp-
tion and subsequent weight loss. Increased energy expendi-
ture, as seen with fever, abscess or sepsis, or systemic 
inflammation, can also result in weight loss. Nutrient defi-
ciency can result in altered cellular immunity with increased 
risk of infection, delayed wound healing, and in children, 
growth retardation. Therefore, it is important to identify those 
patients that are at potential risk of malnutrition. Medical and 
surgical management plans should then include prevention of, 
and correction of, nutritional deficits.

History and physical examination are probably the best 
tools currently available to evaluate the gross nutritional sta-
tus of an individual patient. Those who have lost significant 

weight (defined as greater than 10 %) and have had reduced 
oral caloric intake over a 2–24 week period are at risk of both 
macronutrient and micronutrient deficiencies. The important 
findings on physical examination besides an accurate weight 
include loss of subcutaneous fat, muscle wasting, dependent 
edema, and development of ascites. The subjective global 
assessment (SGA) is a clinical method for the evaluation of 
nutritional status, and includes historical, symptomatic, and 
physical parameters of patients [4]. The findings from a his-
tory and physical examination are subjectively weighted to 
rank patients as well nourished (A), moderately malnour-
ished (B), or severely malnourished (C) (Table 56.1). The 
SGA provides reproducible results with more than 80 % 
agreement [4] although undernutrition may still be present 
despite normal SGA [2, 3].

 Vitamin, Mineral, and Trace Metal 
Deficiencies

Deficiencies of vitamins, minerals, and trace elements may 
result from either inadequate intake or increased intestinal 
losses. Deficiencies are more common in Crohn’s disease 
than ulcerative colitis given the majority of micronutrients 
are absorbed in the small intestine. History and physical 
examination are useful tools in the diagnosis of specific 
nutrient deficiencies.

Folic acid and vitamin B-12 are the two most common 
water-soluble vitamin deficiencies that can occur. Deficiency 
of other water-soluble vitamins is rare. Folate deficiency 
may result from intestinal malabsorption when proximal 
jejunal disease is present, as well as interaction with sul-
fasalazine which inhibits folate uptake. Approximately 30 % 
of Crohn’s patients may have low serum folate [5]. 
Replacement can be given with oral folic acid at a dose of 
1.0 mg daily. Vitamin B-12 absorption can be impaired if the 
distal 30–60 cm of the ileum is diseased or resected, which 
can occur with Crohn’s disease [6, 7]. Bacterial overgrowth 
that occurs proximal to strictures in the small intestine can 
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also reduce vitamin B-12 absorption. In patients at risk 
1000 μg monthly of intramuscular subcutaneous vitamin 
B-12 should be given. Vitamin B12 can also be absorbed 
sublingually and intranasally.

Vitamin D is the most common fat-soluble vitamin (vita-
mins A, D, E, and K) deficiency reported in patients with 
IBD. Fat-soluble vitamin deficiency results from malabsorp-
tion secondary to a reduced bile salt pool resulting from ter-
minal ileal disease or resection. This results in an inability to 
form sufficient micelles necessary for fat and fat soluble vita-
min assimilation. Low serum vitamin D concentration has 
been associated with more significant Crohn’s disease activ-
ity and vitamin D concentrations increasing following suc-
cessful treatment of the Crohn’s [8]. A small study of 94 
patients suggested that vitamin D supplementation (1200 mg/
day) could decrease the likelihood of relapse after 1 year of 
treatment compared with placebo [9]. Interestingly, only 
about one third of the patients in each group were vitamin D 
deficient at study entry. However, it is more likely that active 
inflammation and more severe disease is the cause of vitamin 
D malabsorption, accompanied by decreased sun exposure as 
outdoor activity is often curtailed; absorption and outdoor 
exposure would increase as disease activity decreases [10]. 
As an important adjunct to this point, vitamin D concentra-
tions are decreased in the winter time in patients with Crohn’s 
disease who live in temperate areas [9, 11, 12]. Experimental 
evidence from mice however does suggest artificial colitis 
induced in vitamin D-deficient animals is more severe [13], 
and that vitamin D supplementation may decrease severity 
[14, 15]. Vitamin D-deficient mice were also found to have 
substantially greater levels of bacteria in colonic tissue, even 
in the absence of colitis although it should be noted however 
that vitamin D-deficient mice do not develop colitis spontane-
ously, suggesting vitamin D does not actually cause colitis, 
even if it is an environmental contributor to disease activity 
[15]. Vitamin D deficiency does appear to affect gut barrier 
function and intestinal permeability is increased [16, 17].

Interestingly, vitamin D deficiency has also been reported 
in a significant percentage of patients with ulcerative colitis, 
at least in one study [18], although this may result from the 
simple fact that individuals who are not feeling well typi-
cally do not spend much time outside in the sunlight, which 
is essential for endogenous vitamin D synthesis.

The combination of vitamin D and calcium malabsorp-
tion, as well as corticosteroids (which inhibits calcium 
absorption) may result in significant metabolic bone disease, 
including both osteomalacia and osteoporosis. Corticosteroids 
cause both decreased intestinal absorption and increased uri-
nary excretion of calcium. Patients at risk should receive 
1000–1500 mg of elemental calcium daily. Measurement of 
bone density using dual-energy X-ray absorptiometry 
(DEXA) should be performed early after the diagnosis of 
IBD. Supplementation with 1000 IU of daily vitamin D has 
been reported to prevent bone loss in patients with Crohn’s 

disease [19]. Some patients may require substantially greater 
doses depending upon their degree of malabsorption and 
sunlight exposure [11].

Sixteen percent of patients with IBD may also have low 
serum vitamin A and E concentrations [20]. One study 
reported a consistent relationship between low vitamin A and 
E concentrations and disease activity [20]. Deficiencies of 
these nutrients are uncommon, but have been reported to 
occur in approximately 16 % and 5 % of patients with Crohn’s 
disease, respectively [21]. On the other hand, deficiency of 
another fat soluble vitamin, vitamin K, may be very com-
monly encountered in patients with Crohn’s disease [22], 
although the data is contradictory for ulcerative colitis [6, 22, 
23]. Although it is commonly understood that vitamin K if 
necessary for normal blood clotting via vitamin K-dependent 
factors, it also has a substantial role in the maintenance of 
normal bone health [24]. Given that 60 % of the daily vitamin 
K requirement is synthesized by colonic bacteria, the role of 
active colonic disease, treatment with antibacterial therapies 
such as sulfa, and changes in the colonic microbiome in those 
with colitis, may all be contributing factors although none of 
these have been specifically investigated to date.

Iron deficiency is common in both active Crohn’s disease 
and ulcerative colitis, and has been reported in 20–40 % of 
IBD patients; it usually results from gastrointestinal blood 
loss. Low serum ferritin concentration is the most reliable 
marker of reduced iron stores, although as an acute phase 
reactant, serum ferritin may be elevated in the presence of 
systemic inflammation. Anemia in IBD however is often a 
result of the chronic disease rather than iron deficiency. 
Calcium deficiency may develop in part as a result of vitamin 
D deficiency and deficient calcium absorption, although the 
diet of many individuals (even those without IBD) may be 
deficient in calcium to begin with. Magnesium and potas-
sium are electrolytes that may require replaced especially in 
those patients who have had partial small bowel resections or 
who have significant diarrhea. Because oral magnesium sup-
plements act as a cathartic, intramuscular or intravenous 
replacement is often necessary.

Zinc deficiency (40 % of patients with Crohn’s disease) 
may also occur especially in patients with significant diar-
rhea and small bowel fistula losses [21, 25]. A combination 
of low serum and urinary zinc concentrations is highly sug-
gestive of zinc deficiency. Zinc deficiency can be corrected 
with oral zinc sulfate 220 mg twice daily. Selenium defi-
ciency is rare.

 Dietary Contributions to the Pathogenesis 
of IBD

It has been suggested that IBD may at least in part be related 
to dietary antigens, the interaction of diet with commensal 
bacteria (which may differ between individuals or between 
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those with and without IBD), or the interaction of diet with 
genetics—specifically the presence of single of multiple sin-
gle nucleotide polymorphisms (SNPs), which alone, or in 
combination, could be a risk factor for the development of 
IBD in the correct setting with the “wrong” bacteria and/or 
the “wrong” dietary macronutrient. Further, diet may impact 
colonization, which itself may be in part dependent upon 
genetics. Indeed, the role of diet in the development of IBD 
has never been clarified, and has often been dismissed in 
recent years. However, diet may indeed play a very impor-
tant role in the pathogenesis of IBD, albeit indirectly Gene 
expression against gut flora may be modified based on 
nutrient- gene interactions [26]. It is also potentially possible 
the intestinal immune response against gut flora may be reg-
ulated in part by diet. The fields of nutrigenomics and nutri-
genetics are in their development, but may eventually result 
in “personalized” diets to prevent or treat IBD. Otherwise, 
dietary risks for development of IBD are largely based on 
large epidemiological studies, although the effects of diet 
within a population may be highly variable [27, 28]. For 
example, the EPIC study that included 260,686 adults at cen-
ters in the UK, Sweden, Denmark, Germany, and Italy, found 
few specific dietary risk factors for development of ulcer-
ative colitis although a possible association with increased 
polyunsaturated fat diet intake [29], and more specifically, 
linoleic fatty acid was found [30].

A link between increasing rates of obesity and IBD has 
been suggested, although it is not clear whether this observa-
tion reflects that fat and adipokines produce inflammatory 
cytokines [31] and may have a role in the pathogenesis of IBD, 
or whether the observation of obese patients with Crohn’s dis-
ease or ulcerative colitis merely represents the increasing rate 
of obesity in society as a whole [32]. Small studies to date 
have not shown an increased risk for relapse or disease sever-
ity in patients with elevated BMI, although one retrospective 
study suggested an increased risk of anorectal complications 
[33]. More recently, new cases of Crohn’s disease or ulcerative 
colitis among obese (BMI ≥ 25) participants in the 300,724 
subject European Prospective Investigation into Cancer and 
Nutrition study were not increased over the incidence among 
those with lower BMI [34].

Although consumption of a diet with significant intake of 
refined sugars is not a risk factor for development of IBD 
[35, 36]. Alun Jones found patients often report similar spe-
cific foods that tended to trigger the symptoms of their 
Crohn’s disease [37]. These foods included wheat, dairy 
products, and some vegetables such as mustard greens and 
various cruciferous vegetables. In one study, induction of 
remission was obtained in 20 patients with active Crohn’s 
disease with either TPN or an elemental enteral formula. 
Subjects were then randomized to receive an unrefined car-
bohydrate diet or nil per os (npo), with reintroduction of spe-
cific foods each day, starting with foods unlikely to induce 

Crohn’s-like symptoms as described by the patients (pre-
sumably including diarrhea and abdominal discomfort). The 
most frequently described food intolerances were wheat, 
dairy products, and brassicas in descending order of preva-
lence, all of which contain significant amounts of sulfur. Egg 
and red meat intolerance was also frequent. During the first 
month the subjects were also provided with an elemental 
enteral formula to drink and maintain their nutritional status. 
8/10 subjects in the unrefined carbohydrate diet relapsed in 
the first 2 months (all within the first 6 months), while at 6 
months 7/10 subjects in the exclusionary diet group remained 
in remission [38]. It must be noted however, that these foods 
may have triggered symptoms that may have been consistent 
with IBD, but nonetheless, were not manifestations of 
IBD. For example, lactose intolerance in individuals with 
lactase deficiency may result in “gas,” bloating and diarrhea; 
wheat bran is an excellent stool bulking agent, and consump-
tion may result in increased fecal excretion. A small study 
evaluated the continued consumption of an “exclusionary” 
diet on the maintenance of remission in patients with Crohn’s 
disease [37]. Although median remission time was longer 
and the likelihood of relapse greater in a group that received 
corticosteroids, the results were still suboptimal and dropout 
was significant. Nevertheless, the study suggested a potential 
role for specific dietary components in either relapse, or the 
maintenance of remission in Crohn’s disease. A more recent, 
but poorly constructed and uncontrolled, retrospective 
review of the use of an exclusion diet wherein dairy, gluten, 
soy, processed/smoked meats, sauces, syrups, and jams, 
canned products, dried fruits, packaged snacks, soft drinks, 
fruit juices, alcoholic beverages, coffee, candy, chocolate, 
cake, cookies, and gum were excluded and a polymeric for-
mula was supplemented in order to achieve up to 50 % of 
daily energy intake, reported a mean remission rate of 
approximately 75 % at 6 weeks without the use of medica-
tions other than 5-ASA [39]. Although compliance was not 
reported, this author finds it difficult to imagine the child or 
young adult in this “study” that would not “cheat” on such a 
diet. This study is also a good example of the poor study 
design and lack of scientific rigor that many nutritional stud-
ies exhibit—making the results very difficult to interpret. 
Unfortunately, clinical recommendations are made based on 
this kind of report, or even less. There have been no elimina-
tion diets in ulcerative colitis, although diets high in sulfur 
have been associated with disease development.

Andresen suggested in 1925 that ulcerative colitis was due 
to a “food allergy” [40]. He reported in 1942 that cow’s milk, 
wheat, tomatoes, oranges, potatoes, and eggs appeared to be 
the primary factor in the development of ulcerative colitis in 
two-thirds of his patients [41]. It is noted that milk, wheat, 
and eggs all have high sulfur content. Truelove reported the 
exclusion of milk successfully maintained remission in five 
subjects, all of whom relapsed within 2 days to 6 weeks fol-
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lowing the reintroduction of milk into their diet; lactose intol-
erance was not investigated [42]. He then prescribed a 
gluten-free, milk-free diet to 77 subjects and reported a fewer 
number of relapses (three) in 26 subjects that received that 
diet and could tolerate it, when compared with those subjects 
that received no special diet (8 of 24) [43].

Major dietary sources of sulfur and sulfate include cow’s 
milk, cheeses, eggs, red meat (beef, lamb, sausage), pork, 
salmon, herring, shellfish, cruciferous vegetables, white 
beans, soy, lentils, corn, white rice, dried fruits and vegeta-
bles, tomato juice, tree nuts, sulfited wines, dried fruit, cor-
dial, and San Pellegrino® brand water [44–49]. These were 
many of the same foods that were associated with symptoms 
consistent with Crohn’s disease in the Alun Jones studies. 
There is some inconsistency however in the available data 
concerning sulfate content in food, although commercial 
breads, dried fruit, and red meat appear consistently to con-
tain significant amounts of sulfate. Sulfate is also produced 
from methionine transsulfuration to cysteine followed by 
oxidation of that substrate to pyruvate and inorganic sulfate. 
Inorganic sulfur (sulfate and sulfite) is then reduced, and 
sulfur-containing amino acids are fermented by colonic bac-
teria to sulfide [50], although inorganic sulfur that is oxi-
dized to sulfate is excreted in the urine.

Colono-toxic effects of sulfur have been observed with 
the development of acute colitis in rodents treated with dex-
tran sodium sulfate [51, 52]. Sulfide compounds appear to be 
the most toxic to isolated colonocytes [53]. Sulfate-reducing 
bacteria produce hydrogen sulfide [54], which is an acid at a 
pH of 6.0, although this in turn is converted to anionic sulfide 
by colonic bicarbonate [55]. Hydrogen sulfide then impairs 
colonocyte butyrate utilization [53]. Fecal sulfide concentra-
tion increased in normal volunteers after they ate red meat 
[56]. Some studies have reported increased fecal sulfide con-
centration in patients with active ulcerative colitis [57], 
although sulfide concentration is normal in patients whose 
disease is in remission [56, 57]. In vitro studies of rat and 
human colonic tissue have shown that perfusion with sulfide 
leads to apoptosis of epithelial cells, goblet cell depletion, 
and increased cellular proliferation [50]. Hydrogen sulfide is 
rapidly absorbed by colonocytes and oxidized to sulfate or 
methylated by mucosal thiol-S-methyltransferase [58, 59]. 
This essentially detoxifies the sulfide, although only once it 
has entered the colonocyte. In addition, 5-ASA drugs inhibit 
sulfide formation by colonic bacteria [56, 60, 61], and in 
fact, that may represent one of the mechanisms of action of 
the 5-aminosalicylate compounds.

There may also be an additional mechanism by which a 
high sulfur diet promotes endothelial inflammation. A high 
methionine diet leads to increased plasma homocysteine 
(1.5 g/day vs. >4.5-6 g/day) [62, 63]. High dietary methio-
nine intake leads to an increase in the serum homocysteine 
concentration [63], and increased cellular homocysteine has 

been associated with an increase in vitro in the adhesion of 
monocytes to endothelial cells [64]. Surface expression of 
vascular cell adhesion molecule (VCAM-1) is triggered and 
secretion of monocyte chemo-attractant (MCP-1) is stimu-
lated. Increased plasma homocysteine concentration may 
also increase monocyte adhesion to endothelial cells,[65] 
and is associated with increased urinary neopterin, a marker 
of inflammation [66]. Increased plasma and mucosal 
(colonic) homocysteine have been observed in patients with 
IBD [64, 66, 67].

Magee et al. observed that patients with ulcerative colitis 
who consumed diets that contained “high intakes of sulfite 
containing foods” were likely to have an increased endoscopic 
disease severity using a novel food-sigmoidoscopy score [68]. 
In this study from the UK, bitter and lager beer, red and white 
wine, burgers and sausage, and soft drinks were the foods 
most frequently associated with increased endoscopic disease 
severity, although the investigators did not have data on dried 
fruit, dehydrated potatoes, and seafood because of the few 
number of subjects that had consumed these food items. 
Jowett et al. reported much lower mean daily sulfur and sul-
fate intakes in patients with ulcerative colitis, but still found 
those that remained in remission had significantly lower 
intakes than those that relapsed (396 and 668 mg, respectively 
versus 350 and 636 mg; p < 0.05) [44]. In a preliminary study 
in four subjects with ulcerative colitis in whom medical remis-
sion had recently been induced, Roediger found elimination of 
sulfur-containing foods (eggs, cheese, whole milk, ice cream, 
mayonnaise, soy milk, mineral water, wine, cordials, nuts, 
cabbage, broccoli, cauliflower, and brussels sprouts) as well as 
decreased intake of red-meat lead to prolonged remission (0 
relapses over 56 patient months with an expected rate of 
22.6 % in four subjects) [69].

For most non-hospitalized patients the most important 
advice is for patients to consume a diet liberal in protein, 
with sufficient calories to maintain weight, even with the 
understanding that dietary intake of sulfur may increase. It 
is important to recognize that the serum albumin concen-
tration will not normalize in the presence of a protein-los-
ing enteropathy and/or a significant acute phase response, 
during which acute phase proteins are synthesized in the 
liver at the expense of visceral proteins. Oral intake of 
25–35 kcal of ideal body weight per day (40 kcal/kg/day 
for weight gain) and 1.0–1.5 g per kilogram of protein will 
meet the requirements of most adults who are normally 
nourished to begin with. In regard to the specifics of a diet, 
controlled studies have not shown benefit of low-residue 
diets except for those patients with intestinal obstruction. 
There is some, albeit limited data to support the use high 
soluble fiber diets to maintain remission in patients with 
ulcerative colitis [70]. Soluble fiber such as pectin is fer-
mented by colonic bacteria to short chain fatty acids, the 
preferred fuel for the colonocyte.
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Lactose intolerance is not commonly associated with IBD 
unless the individual was lactose intolerant antedating their 
IBD or they have Crohn’s disease that involves the proximal 
jejunum, where lactase is located. Dietary lactose should 
therefore only be restricted if patients have symptoms asso-
ciated with dairy intake and in whom lactose intolerance can 
be demonstrated by breath hydrogen testing; many patients 
with symptoms of lactose intolerance are not actually lactose 
intolerant [71]. Lactose-containing foods are the primary 
source of dietary calcium. Furthermore, there is no consis-
tent epidemiological data supporting the role of milk as a 
cause of IBD.

A low oxalate diet may be required in those patients who 
have had their terminal ileum resected or who have signifi-
cant fat malabsorption in the presence of residual colon anas-
tomosed in continuity with the small bowel. These patients 
have a propensity for oxalate kidney stones.

 Nutritional Therapy in IBD

 Specific Nutritional Supplements

Initial studies with fish oil supplements (n-3 fatty acids) 
in ulcerative colitis showed decreased disease activity in 
patients that received these formulas, but larger random-
ized trials in Crohn’s disease have failed to show consis-
tent results [72–74]. Fish oil may have anti-inflammatory 
activity because n-3 fatty acids are thought to compete in 
the substrate pool of the lipoxygenase pathway, thus 
reducing the production of inflammatory leukotrienes 
[75]. A study by Belluzzi et al. found 2.7 g of n-3 fatty 
acids administered as an enteric-coated fish oil prepara-
tion maintained 59 % of Crohn’s patients in remission 
after 1 year compared to 26 % in the placebo group, 
p < 0.05 [72]. Another study by Lorenz- Meyer failed to 
show a difference in remission rates compared to placebo 
[73]. In each study large amounts were given which is 
unpalatable for most people. Feagan et al. reported on the 
results of two double-blinded, randomized placebo-con-
trolled trials which utilized the same fish oil preparation 
used in the earlier study of Belluzzi. They found that 
although fish oil was safe, the rate of relapse at 1 year was 
virtually identical between the fish oil group and those 
treated with placebo [74]. It is unclear whether a study of 
longer duration would have resulted in different results 
because most studies of maintenance therapy have used 
the 1 year threshold. It appears the door on fish oils in 
IBD has been closed.

Studies have not shown any benefit of glutamine supple-
mentation in either patients with Crohn’s disease or ulcer-
ative colitis [76–79]. Animal studies have actually suggested 
glutamine supplementation may worsen IBD [79, 80].

 When is Nutritional Support Necessary?

Nutritional support refers to the use of either intravenous/
parenteral (PN) or enteral tube feeding and is usually admin-
istered to hospitalized patients, although selected patients 
(usually those with Crohn’s disease and short bowel syn-
drome or patients with short bowel syndrome resulting from 
mesenteric infarction in the presence of IBD) may require 
short- or long-term PN at home. Nutritional support of the 
hospitalized patient should be instituted promptly when it 
has been determined from daily calorie counts that a patient 
is not taking sufficient oral intake of food for ≥7 days. After 
approximately 7–10 days of npo negative nitrogen balance 
may develop; this increases the risk of infection and inter-
feres with wound healing. Nutritional support may also be 
considered an adjunctive therapy in malnourished patients 
in whom sufficient oral intake to promote nutritional reple-
tion is not immediately achievable. For both active Crohn’s 
disease and ulcerative colitis, nutritional therapy therefore 
has a significant supportive role. The role for nutritional 
support as primary therapy for inflammatory bowel disease 
is limited as discussed below. The use of preoperative PN 
has been suggested to improve surgical outcome and limited 
bowel resection in Crohn’s patients undergoing small bowel 
resections, but not in large bowel resections [81]. The same 
is not the case in patients with ulcerative colitis [82]. Most 
of the reports are retrospective and uncontrolled. An analy-
sis of the data shows generally improved indices of nutri-
tional status, but that were not accompanied by reduced 
postoperative complications. Therefore, routine use of 
nutritional support in the preoperative patient should be 
restricted to seriously malnourished patients (SGA “C”) 
who are not candidates for enteral feeding usually because 
of bowel obstruction. For patients who are significantly 
nutritionally depleted, longer term nutritional support may 
be required in order to improve postoperative morbidity. 
However, surgery should not be delayed in order to admin-
ister nutritional support in the majority of patients. Delayed 
surgery often leads to a further decline in the nutritional 
reserve of a patient. Nutritional support should be contin-
ued, or initiated post operatively if the patient is considered 
moderately (SGA “B”) or severely malnourished (SGA 
“C”) preoperatively.

Indications for parenteral feeding usually include small 
bowel obstruction, which may develop in Crohn’s disease 
because of adhesions related to prior surgery, severe edema 
with luminal compromise during an acute flare, or chronic, 
fibrotic scar tissue; severe diarrhea and malabsorption during 
active disease; small bowel ileus; gastrointestinal hemor-
rhage; treatment for entero-cutaneous or entero-enteric fistu-
lae; and as supportive care in patients that are severely 
malnourished (SGA “C”) or who have active disease with 
compromised absorptive surface. The cumulative risk of 
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intestinal failure (inability to maintain nutritional autonomy 
without parenteral fluid and/or nutritional support) was 
found to be 0.8 % at 5 years, 3.6 % at 10 years, 6.1 % at 15 
years, and 8.5 % after 20 years of Crohn’s disease among 
1703 patients in Japan [83]. TPN may also be indicated in a 
patient with ulcerative colitis and toxic mega colon in which 
enteral nutrition is contraindicated. TPN is not generally 
indicated in patients that have a nonobstructive gastrointesti-
nal tract or when the duration of nutritional support is 
expected to be <7 days.

It is dogma that the gut “atrophies,” in the absence of 
enteral nutrition. While this may be the case in animal stud-
ies, the data in humans fail to support this concept. It is com-
monly thought that in the absence of enteral nutrition, 
bacteria will translocate across the intestinal epithelium, to 
the mesenteric lymph nodes, and into the systemic circula-
tion, resulting in sepsis and multi organ failure. Although 
this has been reported in the rat model, it rarely occurs in 
humans [84]. When bacterial translocation does occur in 
humans, it is usually in the setting of small bowel obstruc-
tion, and unrelated to the route of feeding, and is usually 
clinically inconsequential [84].

 Nutritional Support as Therapy for IBD

Whether the combination of complete bowel rest and total 
parenteral nutrition (TPN) can be used successfully as pri-
mary therapy in patients with acute inflammatory bowel dis-
ease with or without the addition of other medical therapy 
including diet is controversial. The consensus of the litera-
ture would suggest that patients with Crohn’s enteritis can 
achieve clinical remission with the combination of bowel 
rest and parenteral nutrition alone [85–90]. The composite 
results suggest npo and TPN for 3–6 weeks will achieve a 
clinical response rate of 64 % in patients with acute Crohn’s 
disease [90]. However, in most studies prednisone was 
administered simultaneously with TPN, which makes it dif-
ficult to discern whether the positive effects observed were 
the result of bowel rest and TPN or the combined effects 
with prednisone. The consensus of the literature would also 
suggest that patients with Crohn’s colitis and idiopathic 
ulcerative colitis do not respond any better to TPN and 
bowel rest (with or without prednisone) than patients treated 
with prednisone and diet [91–94]. It must also be recog-
nized that 10 % of the patients in these studies developed 
complications from PN; these included pneumothorax from 
central catheter placement, catheter sepsis, and various met-
abolic complications. Therefore, prior to the administration 
of a therapy with questionable benefit, the potential risk of 
therapy should be considered. PN is generally reserved for 
supportive therapy to maintain nutritional reserve rather 
than as primary treatment.

Intestinal fistula is one circumstance is which npo and 
bowel rest may serve as primary treatment. A 38 % of fistula 
closure rate has been reported in Crohn’s patients [95]. 
However, the reported studies lacked a non-TPN control 
group and there no long-term follow-up was generally 
reported. Surgery is usually required if fistula closure is not 
complete after 3 months of nutritional support. For Medicare 
reimbursement, 3 months or longer of PN is usually required 
and it must be documented that enteral feeding distal to the 
fistula is either not possible or would result in significant 
malabsorption. With newer medications such as infliximab 
and adalimumab, TPN and bowel rest may serve less of a 
role in the treatment fistulas. A randomized study comparing 
TPN with bowel rest to anti-tumor necrosis antibody (TNF) 
therapy, in addition to an oral diet is needed.

With regard to EN, products may be provided either orally 
or via a feeding tube, and may have potential benefit as pri-
mary treatment in Crohn’s patients [96–101]. The composite 
data suggest that the administration of either an elemental, 
peptide based or polymeric diet for 3–6 weeks will achieve a 
remission rate of approximately 68 %, which is similar to the 
remission rate reported with TPN and bowel rest. There is no 
advantage of an elemental or semi-elemental formula, which 
are often more expensive, over a formula that contains intact 
protein [101]. Remission rates achieved are comparable to 
that with corticosteroids [101]. The reason patients with 
active Crohn’s disease may respond to polymeric enteral for-
mulas, but not an ad lib regular oral diet is unclear, but may 
be related to the lipid composition of the enteral formula or 
the fact the formula diets are all sterile. The mechanism of 
action for the induction of remission is not clear. All of the 
formulas however are sterile, as opposed to orally consumed 
food, which is not. Limited data to date has suggested that 
fecal bacteria differ by species and levels in patients with 
Crohn’s disease and those without Crohn’s disease, although 
the fecal microbiota appears to be affected only by TPN and 
not by EN, although in this particular study the population of 
Bacteroides fragilis was decreased [102]. This observation 
was also made by Gerasimidis et al., who also observed, in a 
small study, a decrease in the presence of bacteria from the 
Prevotella group [103]. Formulas with increased concentra-
tions of long chain triglycerides and polyunsaturated fats 
may be risk factors for the relapse of Crohn’s disease [100, 
101], although other data is contradictory [104].

A systematic review of the studies in which EN was used 
to maintain remission in patients with Crohn’s disease is dif-
ficult given the limited number (two) of controlled trials, and 
different study designs [105]. A subsequent systematic 
review that evaluated one randomized controlled trial, three 
prospective, non-controlled trials, and six retrospective stud-
ies all of which included elemental, semi-elemental, or poly-
meric formulas for outcomes (EN vs no EN) the clinical 
remission rate was higher in those patients who received EN 
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in all studies, and remission was also directly related to the 
amount of formula consumed in the four studies where the 
quantity of formula consumed was reported [106]. 
Nevertheless, because of substantial methodological differ-
ences between studies, meta-analysis was not possible.

In summary, nutrition plays a prominent role in the treat-
ment of IBD, both directly and indirectly, and may also play 
an important role in the pathogenesis of IBD.
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Abbreviations

IBD Inflammatory bowel disease
UC Ulcerative colitis
IPAA Ileal pouch anal anastomosis
IRA Ileo-rectal anastomosis
aOR Adjusted odds ratio
CI Confidence interval
SGA Small for gestational age
PIANO Pregnancy in Inflammatory Bowel Disease and 

Neonatal Outcomes
ECCO European Crohn-Colitis Organization
FDA Federal Drug Administration
MTX Methotrexate
5-ASAs Aminosalicylates
AZA Azathioprine
6-MP 6-Mercaptopurine
TNF Tumor necrosis factor
IFX Infliximab
ADA Adalimumab
CZP Certolizomab pegol
GOL Golimumab
Ig Immunoglobulin
RR Relative risk
BCG Bacilli Calmette-Guérin

Inflammatory bowel disease affects men and women in their 
prime reproductive years, with a peak incidence between 20 
and 35 years of age [1]. According to Olmstead County data, 
the median age of diagnosis for Crohn’s disease was 
29.5 years and for ulcerative colitis (UC) was 34.9 years. A 
diagnosis of IBD impacts how women approach fertility and 
pregnancy. Gastroenterologists and other physicians, such as 
obstetrician-gynecologists, and primary care providers must 
take into account special considerations when treating 
women with IBD during the reproductive years. This chapter 
will discuss these important considerations for medical spe-
cialists who care for women with IBD during the preconcep-
tion period, pregnancy, and lactation (Table 57.1).

 Preconception Care and Fertility

Proper care should begin well before pregnancy with pre-
conception counseling and stabilization of disease. 
Preconception counseling allows clinicians to address spe-
cific patient concerns, optimize control of disease activity 
and minimize chance of relapse during pregnancy, avoid 
inappropriate medication cessation, and discontinue medica-
tions that may adversely affect pregnancy [2]. Women with 
IBD have a higher rate of voluntary childlessness, possibly 
due to misinformation regarding fertility, medications, and 
their effects on the fetus, and concerns regarding passing the 
disease on to their children [3].

Women with IBD have the same rate of fertility as age- 
matched controls [4]. However, women with active disease 
or with prior surgery in the pelvis have impaired fertility. 
Infertility is increased with active disease due to inflamma-
tion involving the fallopian tubes or ovaries, dyspareunia 
related to perianal disease, decreased libido, and depression 
[5–7]. Women with Crohn’s disease may also have decreased 
ovarian reserve [8]. Among women with inactive disease, 
surgery in the pelvis, particularly an ileal pouch anal anasto-
mosis (IPAA), increases infertility threefold [9]. Pelvic scar-
ring and surgical adhesions may lead to tubal infertility [10]. 
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This reduction in fertility is also seen in patients who undergo 
IPAA for familial adenomatous polyposis syndrome, a non-
inflammatory condition. Procedures that do not invade the 
pelvis and result in fewer abdominal and pelvic adhesions, 
such as ileo-rectal anastomosis (IRA) and laparoscopic sur-
gery, do not appear to impair fertility [11]. These less inva-
sive procedures may be preferable in female children, 
adolescents, and women who require surgery but wish to 
preserve fertility.

Before attempting conception, women should be up to 
date on health care maintenance, vaccinations (hepatitis A 
and B, pneumococcal, influenza, tetanus/diphtheria/pertus-
sis, and Human Papilloma Virus), and age-appropriate can-
cer screening [12]. Routine laboratory testing including 
complete blood count, vitamin B12, folic acid, and iron lev-
els, should be performed. Patients who are having difficulty 
conceiving or have had previous miscarriages should be 
screened for vitamin D deficiency and celiac disease, which 
have been associated with infertility [13, 14].

IBD should be well controlled at the time of conception, 
and women should be in a durable remission for at least 6 
months before attempting conception. The presence of dis-
ease activity is associated with reduced ability to conceive, 
greater chance of disease activity during pregnancy, and 
increased risk of adverse pregnancy outcomes, including 
spontaneous abortion, preterm birth, and low birth weight. A 
large Swedish cohort study of births among 2500 women 
with IBD reported an increased risk of preterm birth for both 
UC (aOR 1.78; 95 % CI 1.49–2.13) and Crohn’s disease 

(aOR 1.65; 95 % CI 1.3–2.06), and the risk was greater with 
increasing disease activity [15]. The risk of low birth weight 
was also increased in both UC and Crohn’s disease. For 
women with disease flare, the risk of low birth weight was 
doubled in UC and tripled in Crohn’s disease. Small for ges-
tational age (SGA) infants, low Apgar score, and stillbirth 
were also more common in women with IBD, and risk was 
greater with increased disease activity.

Given this data, women and their physicians should have 
a treatment plan in place before, during, and after pregnancy 
in order to improve compliance and outcomes [2]. The great-
est risk of flare occurs when women discontinue medications 
[16]. Preconception counseling and education regarding the 
low risk of most medications used to treat IBD and the high 
risk of significant flare during pregnancy is important in 
improving compliance and relieving anxiety during preg-
nancy. Preconception counseling should also include a dis-
cussion of appropriate and effective contraceptive use. 
Women with IBD use contraception at a lower rate than the 
general population, and a quarter of women with IBD at risk 
for unintended pregnancy do not use contraception [17].

 Pregnancy

Pregnant women with IBD have the same risk of flare as non-
pregnant IBD patients, but disease activity at time of concep-
tion affects the risk of flare during pregnancy [18]. Among 
women with active UC at the time of conception, 45 % will 

Table 57.1 Key points in the management of IBD in pregnant patients

Time period Important points

Preconception – Establish care with multidisciplinary team: primary care physician, obstetrician, maternal–fetal specialist, 
gastroenterologist

– Discontinue medications that may be harmful to fetus (i.e. methotrexate)
– Update health care maintenance and vaccinations
– Check baseline laboratories including blood count, B12, folate, iron, and vitamin D and correct if abnormal
– Achieve and confirm remission before attempting pregnancy
– Establish medication plan for pregnancy and postpartum period

Conception – Fertility rates are similar among women with inactive IBD who have not had surgery in the pelvis and 
women without IBD

– Disease activity can adversely affect fertility and miscarriage rates

Pregnancy – Maintain stable disease—increased disease activity may affect pregnancy outcomes
– Continue appropriate maintenance medications through pregnancy
– Consider adjusting timing of biologic medication to minimize third trimester placental transfer to fetus but 

not necessary
– Monitoring by a high-risk obstetrician in addition to regular obstetrician given increased rates of pregnancy 

complications

Delivery – Mode of delivery should be at the discretion of the team and decision should be made on individual basis 
after discussion with patient

– Women with active perineal disease should have a cesarean delivery
– Ileostomy should not be over sewn during cesarean delivery

Postpartum – Most medications can be safely continued during lactation
– Infants exposed to biologic agents should not be given any live vaccines in the first 6 months of life (except 

with certolizumab)
– All other vaccines should be given on schedule
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have worsening flare during pregnancy, 24 % will have stable 
active disease, and 25 % will improve [19]. Among women 
with active Crohn’s disease at the time of conception, one 
third will have worsening flare, one third will have stable 
active disease, and one third will achieve remission. Risk of 
flare is not increased in the postpartum period, except if med-
ication is discontinued [16]. The Pregnancy in Inflammatory 
Bowel Disease and Neonatal Outcomes (PIANO) registry is 
an ongoing multicenter national prospective study of preg-
nancy and neonatal outcomes in women with IBD and their 
offspring in the United States. The registry records mother’s 
medication exposure, IBD history and disease activity, and 
pregnancy and postpartum complications. The PIANO regis-
try and the European Crohn-Colitis Organization (ECCO) 
Study Group of Epidemiology Committee (EpiCom) study 
found a significantly higher rate of disease activity among 
women with UC compared with Crohn’s disease [20, 21]. 
This difference may be related to secretion by the placenta of 
pro-inflammatory cytokines associated with UC or under 
treatment of UC patients during pregnancy [22].

Pregnant women with IBD are at increased risk of com-
plications, including miscarriage, preterm birth, SGA infants, 
and complications of labor and delivery compared to age 
match controls [23]. A 2007 cohort study in Northern 
California found increased rates of spontaneous abortion and 
pregnancy complications, including eclampsia/preeclamp-
sia, placental abruption, fetal distress, placenta previa, and 
prolonged/premature rupture of membranes compared to 
healthy age-matched controls regardless of disease activity, 
though the majority of patients had mild to inactive disease 
[24]. In contrast, a prospective study by ECCO found no sig-
nificant difference in frequency of preterm birth, cesarean 
section, birth weight, or abortions among women with IBD 
compared to age-matched controls [25]. However, 87 % of 
IBD patients in this study were in remission at conception 
and 86 % maintained quiescent disease throughout preg-
nancy. Additionally, inadequate weight gain during preg-
nancy is associated with adverse pregnancy outcomes 
including preterm birth, SGA infants and fetal growth restric-
tion, and disease activity correlates with reduced weight gain 
[26]. Therefore, pregnant women with IBD should be fol-
lowed by maternal fetal medicine specialists or obstetricians 
experienced with complicated pregnancies.

If a woman develops a disease flare during pregnancy, the 
evaluation and management are similar to nonpregnant 
patients except for a few important considerations unique to 
pregnancy. Laboratory testing may be difficult to interpret, 
as low albumin and hemoglobin, and elevated erythrocyte 
sedimentation rate and alkaline phosphatase are common in 
pregnancy. Women with IBD in the peripartum period are at 
increased risk of clostridium difficile infection, and stool 
studies should be obtained to rule out infection in patients 
with diarrhea [27]. If imaging is required, magnetic reso-

nance imaging is preferable to computerized tomography 
scan to avoid radiation exposure to the fetus. Gadolinium 
should be avoided in the first trimester due to potential tera-
togenicity [28]. Endoscopic evaluation can be performed 
safely with an unsedated flexible sigmoidoscopy. If a full 
colonoscopy is required, it should be performed with anes-
thesia and fetal monitoring when appropriate. The indica-
tions for surgery in a pregnant patient are the same as in the 
nonpregnant patient and include severe bleeding, medically 
refractory disease, perforation, or obstruction. Non-emergent 
but necessary operations should ideally be performed during 
the second trimester [29].

 Delivery

Large population-based studies have shown that women with 
IBD have a 1.5–2 times the rate of cesarean delivery. In the 
PIANO registry, 44 % of women had a cesarean section, 
mainly for elective reasons [30]. The greater frequency of 
cesarean delivery is likely due to the concern of patients and 
providers for complications such as anal sphincter damage, 
worsening perianal disease, or pouch dysfunction in patients 
with IPAA [31, 32]. However, large studies have shown that 
vaginal delivery with inactive perianal disease does not lead 
to worsening disease [33]. Two recent studies found no 
increased risk in symptomatic perianal flares in women with 
perianal Crohn’s disease who delivered vaginally or by 
cesarean section [34, 35]. Mode of delivery also did not 
influence the natural history of IBD. However, patients with 
active perianal disease at the time of delivery should have a 
cesarean section to avoid trauma that may exacerbate the dis-
ease. Some surgeons recommend cesarean section for 
women with an IPAA in order to avoid anal sphincter dam-
age and preserve continence. However, vaginal delivery does 
not appear to significantly alter pouch function [36]. An ile-
ostomy should not be oversewn during a cesarean section. 
Most women can be safely considered for a vaginal delivery. 
However, cesarean section should not be unnecessarily 
delayed if labor is prolonged, as uncontrolled tears and for-
ceps delivery can affect pelvic floor function and substan-
tially impact future bowel habits [37]. In general, decision 
regarding mode of delivery should be based on obstetric 
indications, and made on an individual basis with discussion 
of the risks and benefits.

 Medication Use in Pregnancy and Lactation

Women who have a medication plan before conception are 
more likely to adhere to recommended therapies [16]. 
Discontinuation of medications can lead to active disease 
flare, which is a greater risk to the pregnancy than any 
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 potential adverse medication effects. In general, most medi-
cations used to treat IBD, with the exception of methotrex-
ate, are considered low risk and can be continued during 
pregnancy and breastfeeding. In 2015, the Federal Drug 
Administration (FDA) implemented a new rule that removed 
the previously used pregnancy risk categories A, B, C, D, and 
X from human prescription drug labeling. New labeling will 
require a summary of the risks of using a drug during preg-
nancy and lactation, a discussion of the data supporting that 
summary, and relevant information to help healthcare pro-
viders make prescribing decisions and counsel women about 
the use of drugs during pregnancy and lactation [38]. Here 
we will briefly discuss pregnancy specific concerns with 
common IBD medications (Table 57.2).

 Methotrexate

Methotrexate (MTX) is an abortifacient and is contraindi-
cated during conception and pregnancy. When taken during 
organogenesis, it can cause congenital anomalies [39]. 
Pregnancy should be avoided if either the woman or her part-
ner is receiving MTX. Because it is a folate antagonist, MTX 

should always be taken with folic acid supplementation. 
MTX should be discontinued for a minimum of 3 months for 
males and for at least 3–6 months for females prior to con-
ception. MTX is excreted in breast milk and can accumulate 
in neonatal tissue and interfere with cellular metabolism. It is 
contraindicated in breastfeeding [40].

 Antibiotics

Ciprofloxacin and metronidazole are the two antibiotics used 
most commonly in management of IBD. A prospective study 
of women exposed to fluoroquinolones during pregnancy 
showed a low risk of clinically significant major musculo-
skeletal abnormalities or birth defects [41]. However, it has a 
high affinity for cartilage and has been associated with 
arthropathy in animals and human case reports. Ciprofloxacin 
is excreted in breast milk, but the American Academy of 
Pediatrics considers it compatible with breastfeeding.

A case–control study of 17,300 women exposed to metro-
nidazole showed that exposure during the first trimester was 
associated with a small increased incidence of cleft lip and 
palate [42]. Animal studies have also shown teratogenicity. 

Table 57.2 Medications for inflammatory bowel disease

Medication Considerations for pregnancy Considerations for breastfeeding

Low risk

Amoxicillin/Clavulanic acid Low risk Compatible

Aminosalicylates Low risk Compatible

Balsalazide Low risk Compatible; enters breast milk

Olsalazine Low risk Compatible; enters breast milk

Low risk with special consideration

Budesonide Low risk, limited human data Compatible; enters breast milk

Asacol HD® DBP coating associated with teratogenicity in animal 
studies

Probably compatible; enters breast milk

Thiopurines
(Azathioprine/6 mercaptopurine)

Low risk; possible increased risk of infant infections 
as combination therapy

Compatible; wait 4 h after dose if possible

Infliximab Low risk Compatible; detected in breast milk

Adalimumab Low risk Compatible; detected in breast milk

Certolizumab Low risk Compatible; detected in breast milk

Golimumab Low risk; limited human data Likely compatible; limited human data

Natalizumab Low risk; limited human data Likely compatible; limited human data

Vedolizumab Likely low risk; limited human data Likely compatible; no human data

Ustekinumab Likely low risk; limited human data Likely compatible; limited human data

Moderate risk

Ciprofloxacin Possible musculoskeletal dysfunction; Caution 
advised

Compatible

Metronidazole Avoid in first trimester; possible increased risk of 
cleft lip/palate

Avoid; may cause toxicity; enters breast 
milk

Prednisone Possible risk of cleft palate with first trimester 
exposure; risk of adrenal insufficiency, premature 
rupture of membranes, gestational diabetes

Compatible; enters breast milk

Contraindicated: High risk

Methotrexate Contraindicated; teratogenic Contraindicated
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Therefore, metronidazole should be avoided in the first tri-
mester. It is excreted in breast milk and is not recommended 
in breastfeeding due to potential toxicity.

Amoxicillin-clavulanic acid is the preferred antibiotic 
during pregnancy. A population-based case–control study of 
exposure to amoxicillin-clavulanic acid during pregnancy 
did not find an increased risk of congenital malformations, 
and it is compatible with breastfeeding [43].

 Corticosteroids

Prednisone and budesonide may be used in pregnancy when 
needed to treat disease flares. One study reported a small 
increased risk of orofacial clefts in infants exposed to corticoste-
roids in the month before conception and in the first trimester 
(OR 3.35; 95 % CI: 1.97–5.69) [44]. However, this finding has 
not been replicated in all studies and the overall risk of major 
malformations is low (OR 1.45; 95 % CI: 0.80–2.60). In the 
PIANO registry, after controlling for disease activity and con-
current immunosuppressive medications, maternal corticoste-
roid use was associated with a significant increase in low birth 
weight and gestational diabetes and a nonsignificant increase in 
preterm birth and infant infections within the first 4 months of 
life [45]. A small case series showed no increase in rates of 
adverse pregnancy outcomes or congenital anomalies with 
budesonide [46]. Thus, steroids should be used minimally in the 
first trimester and at the lowest effective dose for as short a dura-
tion as possible during pregnancy. However, controlling disease 
activity and treating a flare are essential, and steroids cannot 
always be avoided. Prednisolone is the metabolite of prednisone 
and is minimally excreted in breast milk. Both prednisone and 
budesonide are compatible with breastfeeding [47].

 Aminosalicylates

Aminosalicylates (5-ASAs) are commonly used in treatment 
of IBD and come in multiple formulations. Sulfasalazine, the 
original formulation that combines sulfapyridine and salicy-
late, should be given with at least 2 mg of folic acid during 
pregnancy due to anti-folate effects. Asacol HD® contains 
dibutylphthalate, a chemical that has been associated with 
congenital abnormalities in animal studies [48]. These ani-
mal studies used doses greater than 190 times what is used in 
IBD patients and showed skeletal malformations and adverse 
effects on the male reproductive system. Human studies with 
Asacol HD® have not demonstrated an increased risk of birth 
defects. Sulfasalazine and 5-ASAs are compatible with lac-
tation. Two case reports described reversible diarrhea with 
aminosalicylate use during breastfeeding [49, 50]. While 
patients should be aware of this rare complication, they may 
breastfeed unless the infant gets diarrhea.

 Thiopurines

Thiopurine immunomodulators, 6-mercaptopurine (6-MP), 
and the prodrug azathioprine (AZA) show evidence of tera-
togenicity in animal studies. However, no replicable pattern 
of birth defects has been seen in humans. In vivo studies have 
shown that 6-MP does not cross the placenta, but one of its 
metabolites, 6-thioguanine, has been detected in the blood of 
infants born to mothers on AZA or 6-MP [51]. Studies of 
pregnancy outcomes among women exposed to 6-MP or 
AZA have had inconsistent results. One study of women 
exposed to AZA early in pregnancy showed a trend toward 
increased congenital anomalies (OR 1.41; 95 % CI: 0.98–
2.04) and an increased risk of ventricular and atrial septal 
defects (OR 3.18; 95 % CI: 1.45–6.04) [52]. The exposed 
women also had increased rates of preterm delivery, low 
birth weight, and SGA infants; however, these findings are 
likely due to greater disease severity in the women on 
AZA. On the other hand, several more recent studies have 
shown no increased risk of birth defects among infants born 
to women on 6-MP/AZA. In the PIANO registry, nearly 300 
infants born to mothers on AZA have not had an increased 
rate of congenital malformations [20]. A retrospective multi-
center study also did not show an association between thio-
purine exposure and perinatal complications [53]. A 
meta-analysis suggested a relationship between thiopurine 
exposure and preterm birth, but increased congenital anoma-
lies were not seen [54]. Finally, another small study showed 
that children of mothers on AZA/6MP had no differences in 
health status or rates of infections compared to age-matched 
controls [55]. AZA/6-MP should not be started for the first 
time during pregnancy because of the time required for 
response and the small risks of pancreatitis or bone marrow 
suppression. Finally, AZA/6-MP are excreted at low levels in 
breast milk, and the greatest levels are seen within four hours 
of drug ingestion [56]. Both are considered compatible with 
breastfeeding, but mothers may be advised to wait 4 h after 
taking the medication before breastfeeding. If this is not pos-
sible with a newborn infant, mothers may still breastfeed, as 
breast milk transfer is very low.

 Anti–Tumor Necrosis Factor (TNF) Alpha 
Agents

Infliximab (IFX), adalimumab (ADA), certolizumab pegol 
(CZP), and golimumab (GOL) are anti–tumor necrosis factor 
alpha antagonists used for treatment of IBD. IFX and ADA 
are immune globulin (Ig) G1 antibodies that are actively 
transported across the placenta by the FcRn receptor on the 
placenta. The majority of transfer occurs in the third trimes-
ter, but it may begin as early as the beginning of the second 
trimester [57]. IFX and ADA are detected in infant serum for 
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up to 6 months from birth [58]. Mean infant and cord blood 
levels at birth are more than 160 % of the mother’s serum 
level at that time. CZP is a pegylated Fab’ fragment that is 
not actively transported across the placenta and is detected in 
minimal concentrations in infant serum or cord blood. GOL 
concentrations in infants and mothers at birth have not been 
reported, but are expected to be similar to IFX and ADA, as 
it is also an IgG1 antibody.

Numerous case reports, case series, and meta-analyses of 
pregnancy outcomes with use of anti-TNF agents have been 
published to date and have not demonstrated an increased 
incidence of birth defects or adverse pregnancy outcomes. 
The PIANO registry has reported on 392 women on a bio-
logical agent during pregnancy, and 107 women on combina-
tion therapy through 2013 [59]. There has been no increase 
in rates of birth defects, infant growth and development, or 
achievement of developmental milestones. However, infants 
born to women on combination therapy did have an increased 
risk of infection at 12 months of age (RR 1.50 (1.08–2.09)). 
Since levels of anti-TNF agents are undetectable at that age, 
concerns remain regarding effects on infant immune devel-
opment with early exposure. In addition, women with UC on 
combination therapy had higher rates of preterm birth, low 
birth weight infant, neonatal intensive care unit stay, and any 
complication compared to women who were not taking 
either a biologic agent or an immunomodulator. Based on 
these data, AZA/6-MP can be continued during pregnancy. 
However, for a patient with stable disease on combination 
therapy, a gastroenterologist may carefully consider stopping 
AZA/6-MP when the immunomodulator is being used purely 
for purposes of immunogenicity.

Because of infant drug exposure and concern for immune 
development and infectious risks, the optimal timing of anti- 
TNF dosing during pregnancy, and if and when to stop it in 
order to minimize infant exposure have been debated. The 
potential risks of drug transfer and infant exposure must be 
weighed against the risk to the mother of stopping the medi-
cation, including severe disease flare that may lead to pre-
term birth and immunization of the mother to the drug so that 
she cannot use it effectively after delivery.

CZP has minimal placental transfer and can be continued 
through pregnancy with no adjustment in dose or timing. For 
patients in remission on IFX, ADA, or GOL, because of the 
high rate of placental transfer in the third trimester, we may 
adjust the timing of doses to allow the maximum amount of 
time between drug dosing and delivery. For IFX, we give the 
last dose at week 30–32 of gestation. For ADA, we give the 
last injection at week 36–38; and for GOL, we give the last 
injection at week 34–36 of gestation. The next infusion or 
injection is given right after delivery, and can be given 24 h 
after a vaginal delivery and 48 h after a cesarean delivery, 
assuming there is no infection or complication.

In utero anti-TNF drug exposure late in pregnancy has 
raised concerns regarding development of the infant immune 

system and immunosuppression, and rare cases have been 
reported of serious infections in infants after birth [60]. One 
case reported the death of an infant exposed to IFX who 
developed disseminated bacille Calmette-Guérin (BCG) 
after administration of the live BCG vaccine [61]. However, 
Bortlik et al reported 15 children exposed to anti-TNF in 
utero who had no serious complications after BCG vaccina-
tion within 1 week of birth [62]. Immunological develop-
ment was also evaluated, and 17 children tested had normal 
cellular immunity. All children had detectable serologic 
response to vaccinations. This limited data suggests the rela-
tive safety of vaccinations in infants exposed to biologics. 
However, it is still recommended that infants exposed to anti- 
TNF agents (except CZP) not receive any live vaccinations 
in the first 6 months of life unless biologic levels are unde-
tectable. All other vaccinations should be given on schedule. 
This discussion should be part of pre-conception counseling 
and the information communicated to the pediatrician.

Anti-TNF agents have been detected in breast milk in 
minute amounts and at significantly lower concentrations 
than is detected in serum. The PIANO registry reported 
results of 57 women who submitted breast milk samples at 1, 
12, 24, and 48, 72, 96, 120, and 168 h after biologic drug 
administration (27 infliximab, 15 adalimumab, 10 certoli-
zumab pegol, 1 golimumab) [63]. Maximum IFX concentra-
tion (90–591 ng/mL) was detected between 24–48 h after 
infusion. ADA was detected in 2 of 15 and CZP was detected 
in 3 of 10 samples. Maximum concentration for both was 
seen 12–24 h after dosing. GOL was not detected in the one 
sample reported. In the PIANO registry, rates of growth and 
milestone achievement and risk of infection were similar in 
breastfed infants of mothers on biologics compared to breast-
fed infants of mothers not on biologics. Therefore, these 
agents are considered compatible with breastfeeding.

 Natalizumab, Vedolizumab, Ustekinumab

Natalizumab has been used for many years in the treatment 
of multiple sclerosis, and most information regarding preg-
nancy outcomes is derived from those patients. Available 
data from the Tysabri Pregnancy Exposure Registry of 362 
pregnancy outcomes, mostly in women with multiple sclero-
sis, did not suggest any detrimental effect of natalizumab 
exposure [64]. A recent prospective controlled observational 
study of 101 women with multiple sclerosis exposed to 
natalizumab in the first trimester also did not show an 
increased risk of adverse pregnancy outcomes [65]. 
Natalizumab was not detected in breast milk from one 
woman in the PIANO registry [63].

Since vedolizumab is an IgG1 antibody, the amount of 
transfer is expected to be similar to other IgG1 monoclonal 
antibodies with the greatest transfer in the third trimester. 

Published human safety data during pregnancy is limited. 
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Women in the vedolizumab clinical development program 
who became pregnant were discontinued from the study. 
However, among 24 vedolizumab-treated women, there were 
12 live births, five elective terminations, and four spontane-
ous abortions [66]. Women are currently being enrolled in 
the PIANO registry and will provide additional long-term 
safety data of vedolizumab exposure in pregnancy. The half- 
life of vedolizumab is 25 days, compared to 7 for infliximab. 
This may have implications for dosing during pregnancy in 
the future; however, further data are needed.

Finally, little data exists regarding the use of ustekinumab 
during pregnancy. One case reported an uncomplicated preg-
nancy and another publication reported spontaneous abor-
tion in two women exposed to ustekinumab [67, 68]. Another 
report of 26 completed pregnancies showed no increased risk 
of spontaneous abortion compared to the general population 
among women exposed to ustekinumab [69]. Three women 
in the PIANO registry have provided breast milk samples, 
and UST was detected in one [63].

 Conclusion

Women with IBD require a multidisciplinary approach in 
order to maximize their chances of a successful, healthy preg-
nancy. Those who have not had pelvic surgery and do not have 
active disease have similar rates of fertility as women without 
IBD. However, once pregnant, women with IBD are at 
increased risk of adverse pregnancy outcomes, even with inac-
tive disease, and should be managed as high-risk obstetric 
patients. Disease activity and inadequate gestational weight 
gain are associated with adverse pregnancy outcomes. Thus, 
women should aim to maintain stable or quiescent disease dur-
ing pregnancy in order to minimize the risk of miscarriage and 
preterm birth. Preconception counseling including a discus-
sion of fertility and medication use is essential. Women should 
have a therapy plan in place prior to conception, and they 
should be aware of the risks of discontinuing effective medi-
cations leading to disease flare. A treatment plan established 
prior to conception can reduce the chance of discontinuation 
of effective medications and lead to more successful out-
comes. A multidisciplinary team including the obstetrician, 
maternal–fetal medicine specialist, gastroenterologist, and 
pediatrician is essential to ensure a healthy pregnancy, healthy 
mother, and healthy baby with appropriate therapy and pre-
cautions during pregnancy and lactation.
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 Introduction

A significant percentage of newly diagnosed individuals 
with inflammatory bowel disease (IBD) fall within the pedi-
atric age range (≤16 years old). These patients often present 
a set of issues that differ from adults with IBD and require a 
good understanding of how the effects of disease and therapy 
on growth and development must influence care. This chap-
ter will highlight important differences between pediatric 
and adult IBD. A description of risks and benefits of avail-
able therapies will also be reviewed, especially with regard 
to risks of toxicity with thiopurines as monotherapy or in 
combination with anti-TNF given the association with lym-
phoma and HSTCL in younger patients with IBD.

 Pediatric Aspects of IBD

 Demographics

The Pediatric Inflammatory Bowel Disease Collaborative 
Research Group Registry, a natural history study started in 
2002 enrolled 1928 subjects diagnosed with IBD before their 
16th birthday. The age distribution of the cohort at diagnosis 
was 6 % <5 years, 28 % from 5–9 years, and 66 % from 10–16 

years with a slight predominance of males over females (57 % 
vs. 43 %) [1]. In a population-based state- wide US epidemio-
logic study, the incidence of IBD in the pediatric population 
was 7.5 per 100,000 with that of Crohn’s disease (4.6 per 
100,000) being twice that of ulcerative colitis (2.1 per 100,000). 
Eighty-nine percent of new cases were nonfamilial [2].

 Disease Location

The location or extent of disease differs according to age of 
disease onset in children newly diagnosed with Crohn’s dis-
ease. Children under the age of 10 years, and in particular chil-
dren under the age of 5 years, characteristically present with 
isolated colitis, whereas ileal disease (with or without accom-
panying colitis) begins to occur more often in children whose 
disease is diagnosed after the age of 9–10 years [3, 4]. Upper 
tract involvement (proximal to the ligament of Treitz) is pres-
ent most commonly in those children with ileocolonic disease 
(up to 50–60 %), with esophageal involvement seen in 27 % 
(macroscopic in 18 %), and gastroduodenal involvement in 
56 % (macroscopic 42 %). Isolated UGI involvement is rare 
[5]. Pediatric onset ulcerative colitis is characterized by exten-
sive colitis or pancolitis in the majority of cases and isolated 
proctitis is less common than in adult populations [6, 7].

 Serology

As in adults antibodies to a variety of microbial antigens have 
been found in children with Crohn’s disease. However, in 
children there appears to be an age-related expression of 
these antibodies. In a cohort of 705 children from three pro-
spectively characterized cohorts in North America, the rate of 
ASCA (both IgG and IgA) positivity was <20 % for children 
<7years of age compared to 40 % for those 8–15 years of age, 
likely representing the preponderance of isolated colonic dis-
ease in young children. Anti-CBIR1 was detected in 66 % and 
54 %, respectively, from the two age groups [8].
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 Clinical Behavior at Diagnosis

In French and North American population-based pediatric 
studies, disease behavior at diagnosis was inflammatory (B1) 
in 70–72 % and stricturing (B2) or penetrating (B3) in 
22–30 % [9, 10]. A French population-based study of chil-
dren with ulcerative colitis found 26 % had proctitis, 35 % 
left-sided disease, and 37 % extensive colitis at diagnosis [7]. 
This disease distribution is quite different than reported pre-
viously from North America where extensive disease at 
diagnosis has been observed in up to 80 % of children at pre-
sentation [2, 11]. More recent studies propose further subdi-
viding children by age of diagnosis, with those diagnosed at 
age <10 years consider early onset IBD (EOIBD), and those 
diagnosed age <6 years as very early onset IBD (VEOIBD). 
Patients in the VEOIBD group are more likely to have mono-
genic IBD, with increased risk of primary immunodeficiency, 
autoimmune enteropathy, and primarily colonic disease dis-
tribution. These findings are distinct from patients diagnosed 
after age 7 years that more commonly have conventional, 
polygenic IBD [12–14]. The discovery of mutations in the 
genes coding for one of the two IL10 receptors causing loss 
of function in IL10 signaling has prompted increasing work 
looking for genetic polymorphisms that produce a severe 
IBD-like phenotype [15].

 Measuring Disease Activity

While measuring the severity of gastrointestinal symptoms 
and laboratory abnormalities is similar in children and adults, 
the profound effect of IBD on linear growth is clearly a 
pediatric- only problem. Growth abnormalities are quite com-
mon in pediatric Crohn’s disease and may be the major clini-
cal manifestation. Thus, growth data have been incorporated 
into the most widely used instrument to measure disease activ-
ity in children with Crohn’s disease, the Pediatric Crohn’s 
Disease Activity Index (PCDAI) [16]. As measuring changes 
in growth velocity can only be done accurately over periods of 
6 months or more, this has led to concerns that the PCDAI 
might not be sensitive enough to discern changes in clinical 
activity over the short-term (e.g., 3 months or less); however, 
this has not been borne out by additional studies [17]. The 
PCDAI can range in score from 0 to 100 with <10 denoting 
remission, 10–30 mild disease, and >30 moderate to severe 
disease. Given the limitations in calculating the complete 
PCDAI at each visit, more recently the weighted PCDAI 
(wPCDAI) has also been proposed as a more feasible instru-
ment [18]. Additionally, the short PCDAI, a simplified disease 
assessment tool excluding need for laboratory and perianal 
assessment, has been developed and validated against the full 
and abbreviated PCDAI has been proposed to be utilized in 
observational and quality improvement research [19].

The Pediatric Ulcerative Colitis Activity Index (PUCAI) 
has been developed and validated to measure the activity of 
pediatric ulcerative colitis [20]. It ranges from 0 to 85 points 
with <10 signifying inactive disease, 10–34 mild disease, 
35–64 moderate disease, and 65 or greater severe disease. 
Debate regarding how to most fully assess clinical remission 
in IBD exists. Variable definitions of remission in IBD includ-
ing clinical, serologic, endoscopic, and histologic remission 
have been proposed and have resulted in the concept of “treat 
to target”, with some centers suggesting histologic remission 
should be the ultimately therapeutic goal [21].

An expanding body of literature has evaluated the use of 
biomarkers including fecal calprotectin as an indirect assess-
ment of luminal activity. Recent studies have found that 
many patients in clinical or even endoscopic remission con-
tinue to have histologically active disease. Fecal calprotectin 
was found to be significantly higher in those with active his-
tologic disease compared to those with histologic healing 
(median 278 μg/g vs. 68 μg/g (p = 0.002)), suggesting calpro-
tectin may be a more reliable marker of histologic disease 
activity [22]. Additional studies have suggested cut off cal-
protectin values of approximately <200 μg/g correlate well 
with endoscopic and histologic healing. Use of the calprotec-
tin therefore may reduce the need for repeat endoscopic eval-
uation [23]. Application of calprotectin as a reliable marker 
of remission in the pediatric population requires further 
investigation.

 Growth

The effect of disease activity on linear growth is unique to 
pediatrics. It has been estimated that up to 88 % of children 
with Crohn’s disease have abnormal growth velocity at the 
time of diagnosis while in pediatric ulcerative colitis this 
number is <10 % [24]. In our experience the numbers for 
patients with Crohn’s disease are not quite so stark, but 
certainly still involves well over 30–40 % of newly diag-
nosed patients. Two excellent review articles on this topic 
have been published and should be consulted for further 
detail [25, 26].

Many mechanisms of disturbed growth have been sug-
gested for pediatric IBD. Poor growth appears to relate to 
a combination of factors including chronic caloric depri-
vation largely secondary to poor intake [27]. However, 
the inflammatory process itself leads to the production of 
cytokines that result in IGF-1 dysregulation by decreasing 
responsiveness of the growth hormone receptor in the 
liver to growth hormone diminishing IGF-1 production. 
Moreover, there is a direct effect of the cytokines on 
growing bone [28] and decreasing responsiveness to tes-
tosterone [29]. Use of corticosteroids even in small daily 
doses of prednisone (5 mg/m2) can also impair growth 
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[30, 31]. The crucial factor in the effect of corticosteroids 
on growth appears not to be the dose used short-term, but 
rather whether they are used long-term [32].

 Diagnosis of Pediatric IBD

The diagnosis of IBD in children is usually straightforward 
and the techniques employed are similar to those used in 
adults including upper and lower endoscopy and small bowel 
assessment usually performed with radiographic imaging. 
Ionizing radiation exposure when imaging the small bowel is 
of special concern given its association with DNA damage. 
The potential increased likelihood of malignancy following 
recurrent exposure to ionizing radiation emphasizes the 
importance of minimizing radiation exposure in the pediatric 
population [33–35]. Magnetic resonance enterograpy (MRE) 
is replacing barium imaging and CT scans in many institu-
tions. A 2013 systematic review of 11 studies evaluated the 
use of MRE to assess the small bowel in a total of 496 pedi-
atric patients with CD. It was concluded that in centers with 
expertise in MRE, this is the preferred imaging technique 
over those involving radiation. Rates of detecting small 
bowel abnormalities were similar while minimizing radia-
tion exposure [36].

 Management of Pediatric IBD

There are few controlled trials of medications in the treat-
ment of pediatric IBD; most experience is extrapolated from 
adult studies though several recent trials have demonstrated 
the efficacy of biologic therapies with anti-TNF in treating 
both pediatric CD and UC.

 Aminosalicylates

Though data to support the use of aminosalicylates for the 
treatment of pediatric Crohn’s disease or ulcerative colitis 
are scant, they are commonly used for both. Specific dosing 
guidelines for children have not been established and there-
fore in practice there is large variation. The most common 
dose used is 50 mg/kg/day of mesalamine though anecdot-
ally some clinicians use up to 100 mg/kg/day (maximum 
4 g). No pediatric-specific side effects have been identified.

 Corticosteroids

Corticosteroids have been the historical mainstay of the 
treatment of moderate to severe Crohn’s disease and ulcer-
ative colitis though no placebo-controlled randomized trials 

have been published. Nonetheless the ability of corticoste-
roids to induce remission in most children has been well 
established [37, 38]. A natural history study of the effect of 
corticosteroids in pediatric Crohn’s disease found that at 1 
year, 61 % of patients were corticosteroid responsive, 31 % 
corticosteroid dependent, and 8 % had gone on to surgery 
[37]. A similar study published on the use of corticosteroids 
in newly diagnosed ulcerative colitis disease in children 
found that by 1 year 45 % of children were corticosteroid 
dependent and 5 % of the corticosteroid-treated patients had 
come to colectomy [38]. In both reports the use of immuno-
modulators (50–75 % of patients) and infliximab (17–25 %) 
was common in patients with corticosteroid dependence. 
Two studies have compared budesonide with prednisolone in 
the treatment of Crohn’s disease in children and shown simi-
lar efficacy [39, 40], though bias in patient selection (i.e., 
milder patients) may have influenced the results. Pediatric- 
specific side effects of corticosteroids are common and 

effects on growth, bone metabolism, and the cosmetic issues 
such as Cushingoid appearance and acne are of particular 
concern.

 Immunomodulators

Multiple publications have looked at the use of immunomod-
ulators in the treatment of pediatric Crohn’s disease though 
only one randomized placebo-controlled study has been per-
formed [41]. In this study of 55 newly diagnosed children 
with moderate to severe CD who all received an initial course 
of prednisone and then either 6-mercaptopurine or placebo, 
initial remission rates at 3 months were similar, but by 1 year 
the 6-mercaptopurine-treated group had received signifi-
cantly less corticosteroid and had a much lower relapse rate. 
Largely based on this study, thiopurines became standard of 
care in the treatment of moderate to severe CD in children 
and are customarily introduced quite soon after diagnosis. 
However, several follow-up observational or retrospective 
studies have found rates of sustained remission to be 
decreased compared to the original RCT [42–44]. Two recent 
studies looking at the effect of early introduction of thiopu-
rines in adults with Crohn’s disease have shown no beneficial 
effect [45, 46]. The potential of thiopurines to contribute to 
lymphoma, skin cancer, as well as hemophagocytic lympho-
histiocytosis (HLH) has caused some clinicians to limit their 
use (see below).
Increased interest has focused on methotrexate as an alterna-
tive immunomodulator. Two pediatric studies found that 
45–50 % of patients intolerant of thiopurines were in steroid-
free remission at 12 months after change from thiopurines to 
MTX [47, 48]. Furthermore, a recent study evaluating data 
from a large prospective IBD registry found that the use of 
MTX as maintenance therapy has been increasing, with 14 % 
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of patients treated with MTX as first-line immunomodulator 
therapy in 2002 and expanding to 60 % in 2010 [49]. A 2014 
multicenter retrospective cohort study comparing outcomes 
for patients treated with subcutaneous versus oral MTX 
found rates of overall steroid free remission to be similar. 
However, oral MTX use was associated with a longer time to 
remission, less improvement in linear growth and a trend 
toward reduced sustained SFR. The authors therefore sug-
gested the subcutaneous route is initially preferred [50]. No 
head-to-head comparisons of outcomes with thiopurines and 
methotrexate in pediatric CD have been published.

 Biological Therapy

The REACH clinical trial included 112 initial study subjects 
with moderate/severe disease despite therapy with cortico-
steroids and immunomodulators who were treated with 
5 mg/kg at 0, 2, and 6 weeks. Eighty-eight percent were in 
response and 59 % in remission at 10 weeks. Patients in 
response or remission at 10 weeks were then randomized to 
receive either 5 mg/kg every 8 weeks or every 12 weeks, 
with an opportunity to step up dose to 10 mg/kg or decrease 
interval (for those in the 12 week group) in case of loss of 
response. At week 54, 33 of 52 (64 %) and 29 of 52 (56 %) 
patients receiving infliximab every 8 weeks did not require 
dose adjustment and were in clinical response and clinical 
remission, respectively, compared with 17 of 51 (33 %) and 
12 of 51 (24 %) patients receiving treatment every 12 weeks 
(p = .002 and p < .001, respectively) [51].

Longer-term follow-up following infliximab therapy in 
children has also been examined. A multicenter study involv-
ing 66 patients in the Netherlands had a mean follow-up of 
41 months with 15 % having a prolonged response following 
episodic therapy, 56 % were infliximab dependent (requiring 
repeated infusions to maintain efficacy), and 29 % lost 
response [52]. A second multicenter study examined the 
long-term course of 202 children with follow-up periods 
ranging up to 3 years. One hundred twenty-eight of the study 
cohort were treated with maintenance therapy and had fol-
low- up of ≥1 year. The likelihood of continuing infliximab 
was 93 %, 78 %, and 67 % at 1, 2, and 3 years respectively 
(Kaplan Meier analysis). A step-up in therapy (either 
increased dose or decreased interval) was needed in about 
half the patients. Corticosteroid-free clinical remission for 
the periods from 0–1, 1–2, and 2–3 years after starting inflix-
imab was 26 %, 44 %, and 33 % [53].

Recent adult studies have identified the relationship 
between sustained remission and infliximab trough and anti-
body to infliximab levels (ATI) [54]. Similar associations are 
found in pediatric IBD. A prospective cohort study of pedi-
atric patients with IBD found that higher infliximab levels 
and lower CRP at week 14 were associated with week 54 

efficacy and rates of remission [55]. A retrospective pediatric 
study of 134 patients with IBD found similar associations. 
ATI ≥ 5 was associated with lower infliximab trough levels 
than those with ATI < 5 (p < 0.001). Additionally, ATI ≥ 12 
was associated with need for surgical resection compared to 
those with ATI < 12 (p = 0.01) [56].

The use of adalimumab in pediatric Crohn’s disease was 
initially reported in multiple small single center series and 
one larger retrospective report of 115 patients. Nearly all 
patients had previously been treated with infliximab. The 
majority of children received induction dosing of 80 and 
40 mg separated by 2 weeks followed by 40 mg every other 
week . Corticosteroid-free remission was noted in 22 %, 33 %, 
and 42 % of patients at 3, 6, and 12 months, respectively [57]. 
More recently, the open-label IMAgINE 1 study evaluated 
the efficacy of adalimumab with moderate to severe Crohn’s 
disease. Study design evaluated outcomes for groups treated 
with high- or low-dosage after 26 weeks. In total, adalim-
umab was found to induce and maintain remission in 33 % of 
patients at 26 weeks. In patients that were infliximab naïve at 
the initiation of the trial, clinical remission rates at 26 weeks 
were significantly increased in the high dose versus low dose 
groups (57 % vs. 35 % p = 0.026) [58].

Outcomes with the use of infliximab in children with 
ulcerative colitis from a large multicenter pediatric IBD 
Registry have been reported. Corticosteroid-free inactive 
disease by physician global assessment was noted in 12/44 at 
6 months (27 %), 15/39 at 12 months (38 %), and 6/28 (21 %) 
at 24 months. Kaplan-Meier analysis showed the likelihood 
of remaining colectomy-free following infliximab was 75 % 
at 6 months, 72 % at 12 months, and 61 % at 2 years [59]. In 
a more recent prospective pediatric UC trial including 
patients with moderate to severe UC, 73 % of patients 
responded to infliximab by week 8 after induction dosing of 
5 mg/kg at weeks 0, 2, and 6. At week 54, 38 % of responders 
that continued to receive standard dosing maintenance inflix-
imab therapy remained in remission [60].

The landmark SONIC study included adults with Crohn’s 
disease and demonstrated significantly improved 
corticosteroid- free remission rates in anti-TNFα naive 
patients treated with azathioprine plus infliximab versus inf-
liximab alone or azathioprine alone, and therefore use of 
dual therapy in this population greatly increased [61]. 
However, there are also convincing data that adult patients 
who have failed thiopurines and move on to infliximab do 
not have additional success by maintaining the thiopurine 
[62]. Moreover, the recently published COMMIT study in 
adults with Crohn’s disease showed no added efficacy when 
comparing infliximab alone to infliximab plus methotrexate 
with both groups having clinical remission rates near 70 % at 
week 50. However, antibodies to infliximab were higher in 
the monotherapy group compared to combination (20 % vs. 
4 % p = 0.01) [63].
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The impressive remission rates and potential promise of 
mucosal healing have prompted early consideration for bio-
logical therapy in treating IBD. For pediatric patients in par-
ticular, establishing corticosteroid-free remission prior to or 
during the years of rapid linear growth and sexual develop-
ment is very important. The use of an anti-TNFα agent as 
primary therapy in the setting of extensive disease, compli-
cated early disease, severe fistula, or disease onset in an ado-
lescent with growth failure already showing signs of puberty 
in whom the window for growth is short has become increas-
ingly common. Data have also suggested that antibody titers 
to specific microbial antigens measured at the time of diag-
nosis may predict the development of complicated disease 
requiring surgery (obstruction, perforation) and may play a 
role in helping identify subjects more likely to benefit from 
biological therapy at the time of diagnosis [64].

The striking impact of early anti-TNF use upon growth in 
inflammatory CD was recently demonstrated using data 
from a large observational cohort study, which included 
patients newly diagnosed with Crohn’s disease at age <17. 
Twelve month outcomes for 3 groups of propensity-matched 
patients were compared: early infliximab, early immuno-
modulator therapy (IM), or no IM or infliximab therapy in 
the first 3 months. Clinical and growth outcomes were both 
found to be superior in those treated with early infliximab 
therapy compared to those with early IM or no early IM or 
infliximab therapy. In patients treated with early infliximab, 
85 % were in remission at month 12 compared to 60 % in the 
early IM and 54 % in the no early IM or infliximab groups 
(p = 0.0003). Normalization of C-reactive protein was most 
frequent in the early infliximab group. Further data are 
needed to determine which patients should be considered for 
anti-TNF therapy at the time of diagnosis [65].

Pediatric trials evaluating combination versus monother-
apy with anti-TNF have not been performed. However, 
recently published observational data evaluated durability of 
infliximab therapy in 502 patients with Crohn’s disease. In 
total, approximately 60 % of patients remained on infliximab 
5 years after its initiation. The probability ± standard error 
that patients remained on infliximab 5 years after initiating 
treatment was significantly higher for those receiving con-
comitant therapy for >6 months compared to both anti-TNF 
monotherapy or those treated with combination therapy for 
<6 months (0.7 ± 0.04 vs. 0.48 ± 0.08 vs. 0.55 ± 0.06 
(p < 0.001)). Importantly, the durability of infliximab therapy 
in males treated for >6 months with combination therapy 
was greater in those treated with infliximab/MTX than those 
treated with infliximab/thiopurines (0.97 ± 0.03 vs. 
0.58 ± 0.08 p < 0.01) [66].
Clinical experience with anti-integrin therapy including 
natalizumab and more recently vedolizumab is emerging. 
There is a single report on the use of natalizumab in adoles-
cents with moderate to severe Crohn’s disease. Using an 

open-label dosing schedule of 3 mg/kg at weeks 0, 4, and 8 
weeks in 31 subjects, 55 % had a clinical response and 29 % 
were in remission at 10 weeks [67]. Natalizumab targets both 
alpha4beta1 and alpha4beta7 integrin therefore modulating 
both brain and gut lymphocyte migration. Its use has been 
associated with progressive multifocal leukoencephalopathy 
(PML) caused by reactivation of latent JC virus. In contrast 
to natalizumab, vedolizumab targets only alpha4beta7 integ-
rin and thus acts only upon gut, not brain lymphocytes and 
should therefore have reduced risk of PML. The adult 2013 
RCTs in both CD and UC found vedolizumab to be effective 
toward inducing remission and has been recently approved 
for treatment of both UC and CD in adults [68, 69]. Currently, 
pediatric data with the use of vedolizumab is limited to 
abstract presentations.

 Toxicity and Risk

It is known that both immunomodulators and anti-TNF ther-
apies have potential risks of toxicity and these are of particu-
lar concern in pediatric patients. The risks of chronic 
thiopurine toxicity are being increasingly recognized. Bone 
marrow suppression, hepatotoxicity, and infectious risks 
including viral, bacterial, and opportunistic have been previ-
ously well described [70]. More recent publications have 
described the risk of hemophagocytic lymphohistiocytosis 
(HLH) and EBV associated lymphoproliferative disorders, 
especially in association with primary EBV infection in 
patients treated with thiopurines [71, 72]. Lymphoma risk 
with thiopurines is also greatest in patients <30 years having 
a standardized incidence ratio of 6.99 (95 % CI 2.99–16.4). 
The risk in males appears greater than females [73].

Of particular concern in pediatrics, especially in males, is 
the decision regarding whether combination therapy with 
anti-TNF and thiopurines is contraindicated. This dilemma 
stems from the association of hepatosplenic T cell lymphoma 
(HSTCL) occurring in young patients (primarily males) 
treated with concomitant therapy [74]. No cases of HSTCL 
have been noted in adult or pediatric patients treated with 
infliximab monotherapy, however, in nearly all cases of 
HSTCL, the unifying drug exposure has been thiopurines.

Given the predilection of this invariably fatal lymphoma 
for young males, most pediatric gastroenterologists do not 
use combined anti-TNF/thiopurine therapy in young male 
patients. If there is a need to use combined therapy, 
 methotrexate has become the immunomodulator of choice in 
low dosage to decrease anti-infliximab antibody production. 
No consensus exists as to whether young females can or can-
not be treated with combined therapy with thiopurines and 
anti- TNFα agents as HSTCL has rarely been reported in 
females as well [74] . The recently described improved dura-
bility of infliximab when used in combination with MTX 
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provides a promising alternative to combination therapy with 
thiopurines or treatment with anti-TNF monotherapy [66].

 Enteral Nutritional Support

There is considerable variation in the frequency with which 
primary enteral nutrition is used as an induction strategy in 
children newly diagnosed with Crohn’s disease. While com-
monly used in Europe, it is utilized much less frequently in 
most of North America despite its favorable side effect pro-
file, positive impact upon growth/nutritional deficiencies and 
lack of toxicity risk. There are several older published trials 
comparing the relative efficacy of enteral nutrition versus 
corticosteroids and in whole there is fairly equivalent effi-
cacy [75–77]. A recent prospective study compared 8 week 
outcomes in three groups of pediatric patients with active 
disease: anti-TNF therapy, exclusive enteral nutrition (EEN) 
or partial enteral nutrition (PEN). Improvement in mucosal 
inflammation was found to be superior for both the EEN and 
anti-TNF groups compared to PEN, thus adding further sup-
port for expanded use of this treatment approach [78].

There are situations in which enteral nutrition should be 
the initial intervention of choice including patients with pri-
marily small bowel disease and growth failure. In these 
patients, primary enteral nutritional therapy can both induce 
remission and also reverse nutritional deficiencies and pro-
mote improved linear growth. A challenge unique to treat-
ment with exclusive enteral therapy is to successfully 
motivate the child and family to maintain treatment by 
drinking the formula or using a nasogastric tube. In some 
patients enteral therapy has been used for several months 
initially to then be followed by scheduled periods of re-
administration after allowing a regular diet [79]. For many 
patients who start primary enteral nutrition therapy, an 
immunomodulator is concomitantly initiated as the long-
term maintenance strategy.

 Severe/Fulminant Ulcerative Colitis

The management of fulminant colitis in children presents a 
particular challenge. Frequently these are children at or 
shortly following diagnosis when understanding of the dis-
ease itself may be limited, and a willingness to proceed to 
colectomy if necessary has not been established. A prospec-
tive study of children with fulminant ulcerative colitis has 
given additional insight into disease management in this sit-
uation. In this study, 126 children hospitalized with severe 
ulcerative colitis were followed for up to 1 year. 
Approximately one third failed therapy with intravenous ste-
roids and required rescue with either infliximab, cyclospo-
rine, or colectomy. The most sensitive predictor of the failure 

of intravenous corticosteroids was a PUCAI score of 45 or 
higher on day 3 of hospitalization. Overall 9 % and 19 % of 
children hospitalized with severe/fulminant colitis required 
colectomy by initial discharge or 1 year, respectively [80]. 
More recent studies have focused upon dose optimization 
with infliximab in treating acute severe UC (ASUC). A 
recent adult and pediatric review concluded that standard 
weight-base infliximab dosing may not be equally effective 
for ASUC. Potential contributors to the need for dose optimi-
zation in this population include high TNF burden, highly 
active reticuloendothelial system, and marked infliximab 
stool losses related to protein losing enteropathy [81]. 
Prospective studies will be needed to better understand tar-
geted management with infliximab in pediatric ASUC.

Most pediatric gastroenterologists will use infliximab as 
their preferred rescue medication for corticosteroid failures, 
though some still prefer calcineurin inhibitors. Small case 
series have been published on the use of cyclosporine and 
tacrolimus for severe colitis in children [82, 83]. Though the 
results of these studies have suggested a delay in the need for 
colectomy following calcineurin inhibitor treatment, the 
overall long-term prognosis for avoiding colectomy is low. 
Failure of one of these agents should not lead to use of the 
other because of concerns of increased risk of serious infec-
tion. In the authors’ view saving a life is more important than 
saving a colon. Results of colectomy and ileal pouch anal 
anastomosis (IPAA) in children are similar to those of adults. 
The issue of possible impaired fecundity later in life for ado-
lescent girls who may be subject to IPAA should be raised 
before this procedure is done.

 Summary

It is crucial that clinicians caring for children and adoles-
cents with IBD be fully informed about the relationship of 
disease activity and therapy to growth and development, 
each of which need to be considered when planning various 
medical and surgical therapies. The balance between risks 
and benefits of therapies, especially regarding potential tox-
icities with thiopurine monotherapy and in combination with 
anti-TNF therapy is increasingly recognized.
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 Introduction

One of the most challenging aspects of the care of IBD 
patients is the management of infectious diseases and their 
associated morbidity and mortality. Although there are a 
number of factors that contribute to the prevalence of infec-
tious diseases in IBD patients, it has become clear that those 
taking multiple immunomodulatory drugs are at greatest risk. 
There is also increasing evidence of the role of the aberrant 
mucosal innate and adaptive immune responses to commen-
sal microbiota [1, 2] in the pathogenesis of IBD that is not 
reviewed in detail in this chapter as it remains unclear to what 
extent this contributes to the risk of infectious disease overall. 
However, relapse of IBD can be associated with infection, 
particularly from enteric pathogens, and treatment of coexis-
tent infection in patients with active IBD can facilitate resolu-
tion of an IBD flare. This chapter reviews the increased risk 
of infection in IBD patients, the most common infections 
encountered, and the approach to management and preven-
tion, with a particular focus on vaccination of IBD patients.

 Risk of Infection in IBD Patients

Mortality and morbidity from infections are overrepresented 
in those with IBD compared with other patient populations 
[3–5]. The greatest risk is associated with higher degrees of 
immunosuppression and disease severity [6, 7]. Patients with 

IBD are most significantly at increased risk of infection due 
to treatment with immunomodulatory medications [8]. Other 
factors also contribute and are described below. It is impor-
tant to note that there is no clear correlate or measure to 
determine the extent of immunosuppression in IBD or other 
immune-mediated inflammatory diseases [9]. Patients with 
should generally not be considered to have a systemic 
immune deficit in the absence of immunotherapeutic medi-
cations or malnutrition [9].

 The Disease Process

Patients with Crohn’s disease (CD) have a higher risk of 
bowel-related infectious diseases due to the transmural and 
extensive nature of their disease, particularly the formation 
of fistulae and abscesses, than patients with ulcerative coli-
tis (UC) [6, 10]. Disease severity, including the need for 
frequent outpatient visits, hospitalization, parenteral nutri-
tion, and surgery, also add to the overall infection risk for 
IBD patients, including from nosocomial infections [7, 
11–13]. Patients can also be at increased infection risk 
because of chronic conditions related to IBD, including 
chronic airways disease, nephrolithiasis and primary scle-
rosing cholangitis [6].

 Malnutrition

The presence of malnutrition is a key factor that has been 
shown to correlate with increased morbidity and mortality in 
IBD [9]. Malnutrition is common in patients with IBD, espe-
cially in active CD in whom 70–80 % of hospitalized and 
20–40 % of outpatients have weight loss [14]. Malnutrition is 
less common in UC patients but can develop rapidly in peri-
ods of active disease. Malnutrition appears to impair various 
components of the immune system and has, in turn, been 
associated with increased risk of infection, cancer, and sub-
optimal responses to vaccination [6, 9, 15–17].
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 Infection and Immunomodulatory Therapy

Drug therapy used for IBD has been identified as one of the 
most significant factors influencing the risk of developing 
infection and its severity, whether from a common infectious 
agent, an opportunistic pathogen, or reactivation of latent 
infection. The risks for single agent and combination therapy 
have been more closely studied since the introduction of 
anti-TNF monoclonal antibodies over a decade ago [6]. 
However, studies reporting infection rates need to be care-
fully assessed for inherent biases and limitations, particu-
larly in applying risk estimates to individual settings [18].

Initial results from large multicenter observational cohort 
registries such as TREAT (a prospective, multicenter, long- 
term registry of the treatment of Crohn)’s disease) [19] and 
ENCORE did not suggest that infliximab was an indepen-
dent cause of increased infection. However, follow-up of 
6273 CD patients in the TREAT observational study for a 
mean duration of 5.2 years did find that treatment with inflix-
imab and prednisone were independently associated with an 
increased risk of serious infection [7]. In addition, patients 
treated with prednisone, but not infliximab, had an increased 
risk of mortality, when compared with “other treatment” 
only patients [7]. Pooled data from company-sponsored clin-
ical trials found a 36 % risk of infection for infliximab-treated 
patients, compared with 28 % for non-infliximab treated 
patients [6, 20–22]. Another meta-analysis of 22 separate 
randomized controlled trials found an increased risk of 
opportunistic infection (RR 2.05, 95 % CI 1.10–3.85) in 
adults with active or quiescent UC or CD who were treated 
with anti-TNF therapy (compared with placebo) [23]. Data 
on infection risks in children are more sparse [24]. Where 
data in IBD patients on the use of these medications has been 
lacking, studies of their use in patients with other autoim-
mune diseases, such as rheumatoid arthritis, have been of 
value [25, 26]. A Cochrane systematic review of the biologic 
therapies in all diseases (other than HIV) found an overall 
increased risk of tuberculosis for patients treated with bio-
logics. One particular therapy (certolizumab pegol- 
interleukin (IL) 1 antagonist) was identified as associated 
with a higher risk of infections than other biologics [27].

Although certain types of drugs have been associated with 
different types of infections, strict correlations between a spe-
cific agent and pathogen should not be relied upon in clinical 
practice [9]. The tendency for one drug therapy to predispose 
to certain infections is related to the drug’s mechanism of 
action [17]. Table 59.1 summarizes data regarding individual 
therapies. For example, azathioprine and 6- mercaptopurine 
impact upon T-cell function and are more likely to be associ-
ated with viral infections (cytomegalovirus [CMV], varicella-
zoster virus [VZV], herpes simplex virus [HSV]), whereas 
anti-TNF therapy appears to increase the risk for granulomatous 

infections from mycobacterial or fungal pathogens, such as 
tuberculosis (TB) or histoplasmosis [7, 10, 17]. Other granulo-
matous infections have also been reported to occur with anti-
TNF therapy [26, 35]. One retrospective review of drug 
therapy and infection in IBD patients found that corticosteroid 
use was more commonly associated with fungal infections, 
especially with Candida species [10].

Combinations of immunomodulatory therapy are associ-
ated with an increased risk of infection [10]. In a retrospec-
tive study of IBD patients from the Mayo Clinic, treatment 
with a single immunomodulation increased the risk of infec-
tion almost threefold (odds ratio [OR] 2.9; 95 % confidence 
interval [CI] 1.5–7.3). A more substantial increase in the 
likelihood of infection occurred in patients receiving two or 
more drugs in combination (OR 14.5; 95 % CI 4.9–43). 
Cumulative doses of corticosteroids, but not other drugs, 
were associated with an increased risk of infection.

 Other Factors

Increasing age is a risk factor for infection in general, and the 
age at diagnosis of IBD is a factor related to increased morbid-
ity and mortality in IBD patients [7], even after adjusting for 
use of immunosuppressive therapy [10, 13, 37]. Longer IBD 
disease duration has also been identified as a risk factor [7, 38]. 
Preexisting comorbidities, such as chronic lung disease, have 
been identified as contributing factors in studies of patients 
with rheumatologic disease, and, although such conditions 
have not been widely studied in IBD, they still should be noted. 
It is important to view the infectious risk of an IBD patient as 
that related to their lifetime exposures including consideration 
of infectious agents endemic for their places of residence [17] 
and exposures due to occupation and lifestyle [17].

 Prevention, Diagnosis, and Management

Prevention of infection in IBD patients is best managed 
through a range of activities, including: (a) thorough clini-
cal and laboratory investigations before starting immuno-
modulatory therapy, preferably at the time of IBD diagnosis; 
(b) vaccination and chemoprophylaxis when appropriate; 
(c) treatment of preexisting viral infections, such as chronic 
active hepatitis B infection; (d) investigation for concomi-
tant infection during episodes of disease relapse; (e) adjust-
ment of immunotherapy when infection occurs; and (f) 
patient education. Other factors inherent in the overall good 
clinical management of IBD patients, such as minimizing 
risk of malnutrition through institution of nutritional thera-
pies, have also been shown to impact on the prevention of 
infection.
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 Patient Assessment Prior 
to Immunomodulatory Therapy

The ideal time to fully evaluate IBD patients for their history 
and risk of infectious diseases is at diagnosis, prior to com-
mencement of significant immunomodulatory therapy. As 
described in Table 59.2, a thorough and specific clinical his-
tory, physical examination, laboratory tests, and other inves-
tigations, where warranted, are indicated [9, 17, 21, 22]. This 
assessment should be followed by a plan for vaccination (see 
detailed section below) and treatment, if indicated, for any 
preexisting infections such as tuberculosis or hepatitis B 
(also discussed below). Local guidelines for the use of 
directed antimicrobial therapy should generally be observed, 
as they take into account drug availability and local antimi-
crobial resistance patterns. Detailed recommendations for 

the management of infections in IBD patients have been 
incorporated in European consensus guidelines [9] and 
detailed clinical practice reviews and commentaries [17, 22, 
24] which are recommended reading for all specialists treat-
ing IBD patients. Clinicians managing patients with IBD 
should consider implementing a systematic approach to sup-
port clinician and patient compliance with these guideline 
recommendations, such as screening and vaccination check-
lists, which have been shown to improve uptake [39, 40].

 Identification and Treatment of Acute Infection

Relapse of IBD is clearly associated with intercurrent infec-
tion. A number of studies suggest that infection, most com-
monly gastrointestinal infection, is present in approximately 

Table 59.1 Risk of infection for certain immunomodulatory agents used to treat IBD

Drug Risk of Infection Comments

Corticosteroids •  Serious infections OR 2.21 (1.46–3.34) from 
TREAT registry of Crohn’s disease patients [7, 19]

•  Independently associated with serious 
infections [28]

•  Infections reported: fungal [10], TB 
reactivation, post-surgical [29]

•  Risk of infection particularly with 
prolonged high doses, e.g., daily doses 
>20 mg (or 1–2 mg/kg/day in pediatric 
patients) for >1–2 weeks

Thiopurines •  Myelosuppression: predictable in thiopurine- 
S- methyltransferase (TPMT) deficient 
patients, unpredictable in ~5 % of patients  [30]

•  Infections reported: viral, fungal, bacterial 
[31]. Precise infection risk unclear. Infections 
in 7.4 %, serious infection in 1.8 % of 386 
patients over 18 years [32]

• No increased risk in TREAT registry [19]

•  TPMT testing prior to treatment 
recommended

• Routine FBC monitoring recommended

Methotrexate •  Increase in pneumonia in rheumatoid 
arthritis population (RR: 1.16; 95 % CI: 
1.02–1.33) [25]

•  Infection risk in IBD patients not well 
defined

Cyclosporin •  Association with opportunistic infections 
(Aspergillus and Pneumocystis) and catheter 
related sepsis [33]. Infection risk in IBD 
patients not well studied

• Monitor levels and FBC
•  Pneumocystis prophylaxis recommended 

with lymphopenia

Biologics
Anti-TNF monoclonal antibodies
  – infliximab
  – adalimumab
  – certolozimab pegol
Anti-adhesion molecules
  – natalizumab

•  Overall twofold increase in risk of infection 
compared with placebo in adults with UC or 
CD [23]

•  Increased risk of infection in TREAT study 
over 5.2 year follow-up [7]

•  Increased risk of TB reactivation (OR 4.68, 
95 % CI 1.18–18.60; NNTH = 681, 95 % CI 
143–14,706) for nine biologics reviewed in 
Cochrane analysis, compared to control [27]

•  Risk of serious infections: Certolizumab 
pegol associated with significantly higher 
risk compared to control treatment and other 
biologics (OR 3.51, 95 % CI 1.59–7.79; 
NNTH = 17, 95 % CI 7–68). Trend toward 
increased risk of serious infections for all 
biologics (OR 1.19, 95 % CI 0.94–1.52) [27]

•  Reactivation of latent hepatitis B infection [34]
• Other granulomatous infections [26, 35]
•  Natalizumab (anti-CD20): risk of JC virus 

reactivation [36]

• Pretreatment screening for
  – latent TB
  – hepatitis B and hepatitis C
  –  other chronic/endemic infections as 

discussed
• Natalizumab: strict restrictions on use
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10 % of disease relapses [41–43]. With acute presentations, a 
high index of suspicion is important as the symptoms and 
signs of typical infection may be attenuated due to the 
blunted immune response [17]. For example, stool testing 
for enteric pathogens should be a routine undertaking in 
patients who present with a relapse of IBD [6, 9]. Treatment 
of active infection might avoid inappropriate or unnecessary 
use of steroids or other immunomodulatory therapy [6].

A multidisciplinary approach to management from the 
patient’s gastroenterologist, infectious diseases specialist 

and organ specific specialist(s) is ideal [17]. Decisions 
regarding the need for reduction or withdrawal of immuno-
suppressive therapy will vary, depending on the type of 
infection and available evidence [9]. While it is optimal to 
withdraw certain therapies, particularly corticosteroids, in 
the setting of most types of infections, in certain situations, 
such as non-serious bacterial infections, a response to appro-
priate treatment without change in immunomodulatory ther-
apy may occur.

 Patient Education

Patient education is essential to minimizing the risk of infec-
tious diseases [9, 17]. Patients should be counseled regard-
ing early recognition of symptoms and presentation for 
medical care. Advice regarding the avoidance of high-risk 
foods, such as unpasteurized milk, soft cheeses and cold 
meats (for Listeria), and raw or undercooked poultry/eggs 
(for Salmonella), is also important. As discussed in detail 
below, the risk of vaccine preventable diseases (VPD) and 
the benefits of vaccination for both the patient and their fam-
ily need to be explained. It is very important that IBD patients 
are provided with travel advice, around both infection risk 
and specific and appropriate preventative measures for their 
intended destinations, as well as vaccination (see below).

 Specific Infections

 Site-Specific Infections

Skin, respiratory tract and urinary tract infections are all more 
likely in those with IBD. For example, patients with CD 
appear to be at increased risk of urinary tract infections [12, 
44], possibly related to the transmural and fistulating nature of 
their disease. There is a risk of post-operative infections, such 
as surgical site infection, pneumonia, or catheter- related infec-
tion, which appears particularly high in patients on concurrent 
and high-dose corticosteroids [11, 13, 45, 46]. Other specific 
sites for more occult bacterial infections, such as bone/joint 
and dental sites, need to be considered in ill patients [47].

 Viral Infections

 Herpes Viruses (Cytomegalovirus, Herpes 
Simplex Viruses, Varicella-Zoster Virus, 
and Epstein–Barr Virus)
These human herpes viruses are all unique for their ability to 
exist in a state of latency in human tissues following primary 
infection, and the potential to reactivate, with or without disease 
sequelae. In immunocompromised patients, including those 

Table 59.2 Recommended review of IBD patients prior to initiation 
of immunomodulatory therapy (see also [9, 17])

Detailed interview

•  History of travel and/or living in tropical areas or countries with 
endemic infections

• History of previous infections

  – Bacterial

  – VZV infection: age, reactivation to zoster?

  – HSV infection: sites, frequency and severity of recurrences

  –  Fungal infections: oral and vaginal candidiasis, intertrigo, 
nail infections

• Risk of latent or active tuberculosis

  –  Country of origin, prolonged stay in countries where TB is 
endemic, history of contact with TB patients

  – Prior BCG vaccination? (date)

  – History of latent or active tuberculosis and treatment given

•  Immunization status and documentation of vaccination (dates, 
number of doses, post-vaccination serology—if done)

  –  Tetanus, diphtheria, poliomyelitis, pneumococcus, 
meningococcus, BCG

  – Rubella, measles, and mumps, hepatitis Ba, HPV

  – Others?

• Future plans to travel abroad to endemic areas

Clinical examination

• Identification of systemic and/or local current infections

• Evaluation of dental status (dentist review)

•  Gynecological visit and Pap smear (then regularly as per local 
screening guidelines)

Routine laboratory and other investigations

•  Neutrophil count, lymphocyte count and, in the case of 
lymphopenia, CD4 lymphocyte count

•  Urine analysis in patients with a history of urinary tract infection 
and urinary symptoms

• Serology

  –  VZV in patients without a clear history of varicella 
immunization

  – HBVa, HCV, CMV, and HIV serology

•  In patients with chronic HCV or HBV infection, alanine 
aminotransferase (ALT) assay, and assessment of liver disease

•  For patients having lived in tropical/endemic areas: 
Strongyloides serology, eosinophil count, and stool examination

•  Tuberculin skin test (TST) or Interferon Gamma Release Assay 
(IGRA)—according to each country’s specific guidelines

• Chest X-ray
aPatients with a history of hepatitis B vaccination should be tested for 
the presence of hepatitis B antibodies
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with IBD, severe and disseminated herpes virus infections have 
been reported. For example, primary infection or reactivation of 
cytomegalovirus (CMV) can cause disease in almost any organ 
in immunosuppressed patients. CMV mimicking an acute exac-
erbation of IBD has been associated with increased morbidity, 
mortality and surgical intervention [48, 49]. Not all CMV reac-
tivation results in clinical disease and because of the high preva-
lence of infection, screening for CMV infection prior to 
introducing immunomodulatory therapy is not recommended 
[9]. Use of antiviral therapy (such as ganciclovir) is recom-
mended for severe or systemic disease, together with reduction 
or discontinuation of immunomodulatory therapy [9].

More frequent and severe reactivation of herpes simplex 
virus (HSV) infection is reported in IBD patients, particularly 
those on multiple immunosuppressives [9, 10]. Serological 
screening for past infection is not necessary. However, antivi-
ral treatment of acute disease (using acyclovir, famcyclovir, 
and valacyclovir) in high-risk patients should occur, and pre-
emptive or prophylactic therapy can also be considered in 
patients with frequent or severe recurrences [9].

Varicella-zoster virus (VZV) is characterized by its ability 
to cause more severe primary infection (chickenpox), or to 
reactivate to cause herpes zoster with greater frequency or 
morbidity, in immunocompromised hosts [47]. Morbidity 
and mortality from VZV disease has been reported in IBD 
patients on immunosuppressive agents, particularly anti- 
TNF therapy [50–53]. Although antiviral therapy can be 
helpful in ameliorating disease, prevention via vaccination, 
ideally prior to immunosuppression, is recommended (see 
vaccination section below).

Severe clinical Epstein–Barr virus (EBV) infection has 
been reported in patients with IBD, but EBV is more notably 
associated with lymphoproliferative disease, particularly pri-
mary intestinal lymphoma, due to impaired T-cell immunosur-
veillance, in immunocompromised patients [54, 55]. Screening 
prior to initiation of immunomodulatory therapy should be 
considered, although seroprevalence is high and frequent, usu-
ally self-limited or subclinical, reactivation can occur [20].

 Viral Hepatitis and Human Immunodeficiency 
Virus Infection
Two large cohort studies found that most HBV infected 
patients who had reactivation in the context of IBD therapy 
were on two or more immunomodulators and/or had detect-
able HBV-DNA, as well as not receiving antiviral prophy-
laxis [9, 56, 57]. Screening for preexisting hepatitis B 
infection is essential in IBD patients; guidelines have been 
published for the treatment of hepatitis B infection with 
advice on management of immunosuppressive therapy in 
IBD patients [9, 22]. Antiviral therapy, regardless of the 
extent of viremia, is recommended before, during and after 
immunomodulator treatment, in patients who are hepatitis B 
surface antigen positive [9, 34].

In patients with preexisting hepatitis C infection, use of 
immunomodulators including TNF inhibitors appears rela-
tively safe; however, more data are needed [47]. Antiviral 
therapy for hepatitis C infection may increase toxicity of 
drugs used for management of IBD, and thus should be used 
with caution [9]. Similarly, patients with preexisting HIV 
infection and IBD have not been well studied, and manage-
ment of HIV should probably be commenced according to 
usual protocols initially [17]. Most patients, particularly 
those stabilized on highly active antiretroviral therapy 
(HAART), can be treated with TNF inhibitors if required [9]. 
These viruses have not been identified as causing opportu-
nistic infection in IBD patients; however, patients should 
take every step to prevent their acquisition.

 Influenza and Other Viruses (Human 
Papillomavirus, JC Virus)
There is a lack of specific data on the incidence and severity of 
influenza in IBD patients. However, immunomodulatory ther-
apy is generally considered to increase the risk of influenza 
complications, including secondary bacterial infection [9]. 
IBD patients are therefore recommended to have annual influ-
enza vaccination [20]. In addition, IBD patients should be 
offered diagnostic testing and early treatment with antiviral 
agents (oseltamivir or zanamivir) for suspected influenza [20].

There is evidence of a higher incidence of HPV-related 
cervical dysplasia in female IBD patients, which emphasizes 
the need for regular cervical screening and vaccination (dis-
cussed below) [58, 59]. Reactivation of latent JC virus caus-
ing fatal progressive multifocal leukoencephalopathy (PML) 
has been described in immunosuppressed patients treated 
with biologics, including the monoclonal antibody against 
alpha-4 integrin (natalizumab) which has been used to treat 
refractory Crohn)’s disease. There are no screening tests, 
treatment or vaccination for this virus, which, although rare, 
highlights the potentially serious consequences of immuno-
suppressive therapy.

 Bacterial Infections

As discussed earlier, enteric bacterial infections are associ-
ated with relapse of IBD, most commonly Clostridium diffi-
cile, Campylobacter jejuni, and Salmonella species. C. 
difficile particularly affects those with preexisting extensive 
colonic involvement, with UC patients infected more com-
monly than those with CD [6, 60]. Asymptomatic carriage 
rates in IBD patients appear higher than in the general popu-
lation [60, 61]. There are high rates of detection at presenta-
tion, and recurrence rates ranging from 9 % to 57 % [60]. C. 
difficile infections are recognized to cause increased morbid-
ity and mortality in IBD patients, including a need for surgi-
cal treatment; however, more data on risk factors and 
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outcomes, including the association with IBD medications, 
are needed, particularly since the emergence of the hyper-
virulent strain B1NNAPI/027 [60, 61].

IBD patients are also considered to be at increased risk of 
invasive pneumococcal disease, and should be offered vac-
cination (discussed below). There is evidence for a strong 
relationship between TNF inhibitors and an increased risk 
for listeriosis, with age and concomitant use of other immu-
nomodulatory medications playing a role. Nocardia species 
have also caused infections (skin, soft tissue, pulmonary and 
central nervous system) in patients on immunomodulatory 
therapy. Severe infection with other bacterial pathogens, 
such as Legionella pneumophila (causing atypical pneumo-
nia or “Legionnaires’ disease”), has also been reported in 
IBD patients on anti-TNF medications [9, 20].

 Tuberculosis and Other Mycobacterial 
Infections

Tuberculosis (TB) affects nearly one-third of the world’s pop-
ulation. The lifetime reactivation risk of latent infection 
(LTBI) is approximately 10 %, but is almost certainly higher 
in immunocompromised persons [47]. Of interest is evidence 
emerging of the considerable overlap between susceptibility 
loci for IBD and mycobacterial infection and shared path-
ways between host responses to mycobacteria and those pre-
disposing to IBD [2]. IBD patients appear to be at increased 
risk of reactivation of LTBI, on standard immunomodulatory 
therapy, with risk increased even further on anti-TNF therapy 
[17]. A Cochrane review of over 200 studies of the use of 
biologics given for any disease found that, overall, there was 
an almost fivefold increased risk of TB reactivation compared 
to controls (OR 4.68, 95 % CI 1.18–18.60) [27]. TB reactiva-
tion has been seen particularly with infliximab, although 
other biologics including adalimumab may carry a similar 
risk [27, 47]. The likelihood of extrapulmonary and dissemi-
nated TB appears to be higher in patients on TNF inhibitors 
[9]. Two studies, in Spain and Japan, have demonstrated that 
screening for, and treating, LTBI prior to commencement of 
infliximab decreased the incidence of TB in patients with 
autoimmune diseases [9, 62, 63]. A thorough clinical history 
and examination, chest X-ray and screening test for LTBI 
(either by a tuberculin skin test [TST] or “Mantoux,” and/or a 
blood sample for interferon gamma release assay [IGRA]) are 
essential prior to starting immunotherapy in IBD patients (see 
Table 59.2). Both of these methods of screening have limita-
tions, however, and should be interpreted with caution and 
expert input, particularly in high-risk patients. Guidelines for 
treatment of LTBI, and of suspected or confirmed TB disease 
in immunocompromised patients, including those with IBD, 
have been published, and should be considered in consulta-
tion with specialist advice [9].

 Parasitic and Fungal Infections

IBD patients also appear to be at increased risk of certain 
fungal and parasitic infections, although these are relatively 
rare overall. Histoplasmosis may lead to life-threatening ill-
ness in patients undergoing TNF therapy, but has mainly 
been identified in those who have lived in endemic areas 
[47]. Coccidioidomycosis also appears to occur more com-
monly in patients living in endemic areas who are on TNF 
therapy, but mostly as acute infection rather than reactivation 
[47]. Cryptococcus neoformans is another opportunistic fun-
gal pathogen that can cause serious infections in immuno-
compromised patients. Infections with Candida species were 
among the most common identified in IBD patients on 
 corticosteroids alone [10]. Invasive aspergillosis, due to this 
ubiquitous fungus, is predominantly seen in severely immu-
nocompromised hosts. Aspergillosis has been reported in 
IBD patients using TNF inhibitors, although the exact risk 
has not been well defined [20].

Pneumocystis carinii (jiroveci) can cause severe pneumo-
nia (PCP) in immunocompromised patients, with risk factors 
including older age, coexisting pulmonary disease and lym-
phopenia, although the overall incidence is low at 10.6 per 
100,000 [64]. In a review of over 5500 patients in Australia 
and New Zealand, PCP occurred most commonly within the 
first few months of taking combination therapy [38]. Antibiotic 
prophylaxis should be strongly considered for patients with 
lymphopenia, and in those taking TNF inhibitors, high dose 
corticosteroids or a calcineurin inhibitor [6, 9, 64, 65].

The risks for parasitic infections, such as Toxoplasma 
gondii and Strongyloides stercoralis, have not been well 
quantified, but both these organisms are known to cause 
severe disease in immunocompromised hosts. Toxoplasmosis 
most commonly presents as a focal encephalitis, and has 
been reported in IBD patients on immunomodulatory ther-
apy [20]. Infection with the nematode Strongyloides sterco-
ralis is common in developing countries with poor sanitation. 
Reactivation of infection in immunocompromised hosts can 
cause disseminated disease, with a high case fatality rate. 
Screening and preemptive therapy are recommended for 
those from endemic areas (see Table 59.2).

 Vaccine Preventable Diseases and Responses 
to Immunization

A number of the infections detailed above are vaccine pre-
ventable diseases (VPD). The key factors that contribute to 
increased risk of VPD in IBD patients are described above 
and are also depicted in Fig. 59.1. This section will review 
the utility, immunogenicity and safety of vaccines in IBD 
patients, and present strategies for optimizing immunization 
in these patients. This includes reviewing and documenting 
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vaccines already received, giving “booster” doses of vac-
cines that may have been previously )administered, and the 
use of additional vaccines to be considered in IBD patients.

Vaccines are categorized as inactivated (a killed or non- 
replicating whole or part of the organism or “antigen”) or live 
attenuated (containing a modified or weakened form of the 
virus or bacteria, which actively replicates in the host to gener-
ate an immune response). Inactivated vaccines can be given to 
patients with IBD, even those on immunosuppressive therapy. 
Although there are some studies which suggest that the immune 
response to vaccination may be less optimal in patients with 
IBD than in healthy individuals, in other studies vaccine 
responses in IBD patients are not different to healthy controls. 
Overall, the immune response to vaccination is still very likely 
to provide significant protection in this vulnerable population.

Live attenuated viral vaccines, are generally considered to be 
contraindicated in patients on immunosuppressive therapy, 
although there are some exceptions. For example, measles- 
mumps-rubella (MMR) vaccine should not be administered to 
IBD patients on immunosuppressive therapies due to the risk of 
unchecked vaccine virus replication causing disease [66]. There 
have been case reports of measles vaccine virus causing severe 
morbidity and mortality in patients taking immunosuppressive 

therapy. Other live attenuated vaccines, such as varicella, herpes 
zoster, and yellow fever vaccines, although generally not rec-
ommended, can be considered on a case by case basis, taking 
account of the specific vaccine and the patient characteristics 
detailed below. Household contacts of IBD patients should not 
be administered the live attenuated oral polio vaccine (OPV), 
but can receive inactivated polio vaccine (IPV). It is also recom-
mended that household contacts are immunized against VPDs 
such as influenza, pertussis, and varicella to prevent disease 
transmission to IBD patients [67, 68].

Table 59.3 provides a summary of recommendations from 
current guidelines and expert reviews for many vaccines in 
IBD patients.

 Vaccine Safety in IBD Patients

Inactivated vaccines in IBD patients are generally consid-
ered to have a similar safety profile to that in non-IBD 
patients [72]. The suggestion of a potential temporal associa-
tion between vaccines and the onset of autoimmune diseases 
is long-standing, but the weight of evidence does not support 
a causative effect [73–75].
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protection
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Fig. 59.1 Key factors contributing to increased risk of vaccine preventable diseases (VPD) in IBD patients. Adapted from Crawford et al. Expert 
Review of Vaccines. 2011;10(2):175–86 (with permission)
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Table 59.3 Recommendations for immunization of IBD patients [alphabetical]

Vaccine preventable disease Vaccine type

Recommendations for use in IBD patientsa

Based on US, European, and Australian 
guidelines and selected expert reviews [9, 67, 
69–71]

Routine

Diphtheria Tetanus Pertussis Inactivated (also separate Tetanus, and 
Diphtheria/Tetanus vaccines)

Recommended in childhood, with boosters in 
adulthood (frequency depending on local 
guidelines)

Hepatitis B (also see hepatitis A vaccine 
below)

Inactivated Routinely recommended at birth /in childhood 
in many countries. Check serology, and 
consider vaccination if non-immune (evidence 
for fulminant hepatitis B disease in 
immunosuppressed IBD patients)

Haemophilus influenzae type b (Hib) Inactivated Routinely recommended in childhood in some 
countries. Consider single dose if not given in 
childhood

Human papillomavirus Inactivated Routinely recommended in childhood in some 
countries. Serology not useful in clinical 
setting. Consider vaccination if age-eligible 
and not previously vaccinated

Influenza Inactivated or Live attenuated intranasal Recommended annually in IBD patients. Use 
inactivated vaccine

Measles Mumps Rubella Live attenuated
(also available as single Measles, Rubella and 
Measles/Rubella vaccines)

Routinely recommended in childhood. Two 
doses needed for adequate protection. Do not 
use in significantly immunosuppressed IBD 
patients

Meningococcal Inactivated (conjugated, recombinant 
multicomponent and polysaccharide 
formulations with different serotypes)

Conjugate vaccines recommended routinely in 
some countries. Consider use of conjugate 
vaccine (4-valent) and/or use of recombinant 
meningococcal B vaccine, depending on local 
epidemiology and/or travel

Pneumococcal Inactivated (conjugated and polysaccharide 
formulations with different serotypes)

Routinely recommended in childhood in some 
countries. Additional doses and/or primary 
vaccination recommended in IBD patients. 
Recommendations for use and number of doses 
of conjugate (7-valent, 10-valent, or 13-valent) 
or polysaccharide (23-valent) vary by country

Poliomyelitis Inactivated trivalent (IPV) or oral live 
attenuated (OPV)

Routinely recommended in childhood. 
Serology not required. If booster indicated use 
IPV. OPV contraindicated in 
immunosuppressed patients and their 
household contacts

Rotavirus Oral live attenuated Only indicated for infants. Not applicable for 
IBD patients

Varicella
Herpes zoster

Live attenuated
Live attenuated (high titer VZV)

Both vaccines contraindicated in 
immunosuppressed patients. Check serology 
for previous natural VZV infection. If negative, 
and not previously immunized, varicella 
vaccine can be considered if not 
immunosuppressed (adolescents and adults 
need 2-dose schedule). Zoster vaccine for use 
in those aged >50 years

Travel-related and other selected vaccines

Hepatitis A Inactivated Routinely recommended in childhood in some 
countries. Recommended for travellers to 
hepatitis A endemic countries. Consider for 
IBD patients

(continued)
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In addition, a number of studies have investigated the 
temporal link between immunization and the onset of auto-
immune conditions, such as multiple sclerosis and rheuma-
toid arthritis, with no link found [76, 77].

Although there have been case reports of flares of disease 
activity post vaccination, including UC flares post influenza 
vaccine [78], overwhelmingly the data available from well- 
designed controlled studies does not support a causal rela-
tionship between vaccination and disease flares. Some of this 
evidence comes from vaccine immunogenicity and safety 
trials in the IBD population [79–83].

Although no large observational studies in IBD have been 
performed studies of vaccination and disease relapse in 
patients with rheumatoid arthritis, systemic lupus erythema-
tosis and multiple sclerosis have not shown any evidence for 
an association [84, 85]. It is important that exacerbations of 
chronic diseases are included as conditions of interest for 
vaccine post-marketing surveillance, using appropriate 
active surveillance methodologies at a population level [86].

 Strategies to Promote Immunization

Although there is increasing awareness among gastroenter-
ologists of the increased risk of VPD [18] low levels of vac-
cine coverage have been found in outpatient surveys of IBD 
patients [87]. This emphasizes the important role of gastro-
enterologists in recommending and, when possible, planning 
for and delivering vaccines to the IBD population [88]. One 
survey of adult gastroenterologists found that 39 % (17 out of 

44) of respondents did not routinely vaccinate IBD patients 

[89]. Many respondents only reviewed whether routine 
childhood vaccinations were up to date, and only 11 % clari-
fied vaccination status prior to TNF inhibitor use. Even if 
vaccination is a shared care responsibility between the 
patient’s primary care doctor and gastroenterologist, close 
collaboration and communication between all physicians is 
essential. The use of electronic reminder systems and “flags” 
has been identified as one method to clarify the immuniza-
tion status and make a vaccination plan [18, 89]. 
Implementation of an IBD patient-specific screening tool 
based upon established guidelines can also increase the pro-
portion of patients who undergo recommended screening 
and vaccination [40]. Individual patient vaccination plans 
should take into account existing guidelines relevant to the 
patient’s location, and also account for any preexisting risk 
factors [72].

 Assessment of Immunization Status in IBD 
Patients

All immunization guidelines have in common the recom-
mendation that IBD patients should be reviewed at diagnosis 
to ensure that all routine vaccinations have been received 
according to their local immunization schedule [72]. 
Consideration should also be given to additional vaccines, 
such as pneumococcal, influenza (annual), varicella, and 
HPV vaccines, and other immunizations depending on the 
availability and national schedule [67, 69, 72, 90]. The few 
published studies on compliance with immunization guide-

lines in IBD patients suggest that vaccine coverage among 

Table 59.3 (continued)

Vaccine preventable disease Vaccine type

Recommendations for use in IBD patientsa

Based on US, European, and Australian 
guidelines and selected expert reviews [9, 67, 
69–71]

Typhoid fever Oral live attenuated or inactivated For travel/residence in endemic areas. Use 
inactivated (Vi polysaccharide vaccine), not 
oral live attenuated

Yellow fever Live attenuated Contraindicated in immunosuppressed. Waiver 
for certificate of vaccination for travel is 
available for medically ineligible persons. 
Need alternative measures to protect against 
mosquito bites or consider not travelling to YF 
endemic areas

Cholera Inactivated Rarely indicated. Efficacy modest

Japanese encephalitis Inactivated Recommended for travel/prolonged stay in 
endemic areas

Rabies Inactivated Not generally indicated in IBD patients

BCG (Bacillus Calmette-Guérin) Live attenuated Contraindicated in immunosuppressed. BCG 
efficacious for protection against severe TB 
when given in infancy. Not indicated in IBD 
patients

aBased on selected country-based guidelines and reviews. Country-specific immunization guidelines should also be consulted
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IBD patients is low and not well documented [40, 88]. A US 
survey of 169 adolescents and adults diagnosed with IBD 
attending an IBD specialty clinic identified that 86 % were 
on immunosuppressive therapies [88]. On recall of immuni-
zation status, only 28 % of patients reported having received 
influenza vaccine and 9 % pneumococcal vaccine. Serological 
assessment for hepatitis B virus indicated that only 47 (28 %) 
had been vaccinated. This study also found most patients 
(81 %) had a history of varicella (chickenpox) but 31 patients 
were uncertain and only 12 reported varicella vaccination, 
leaving 19 (11 %) potentially “at risk” of varicella infection 
[88]. In these 19 patients, seven had varicella serology per-
formed and 57 % (four out of seven) were confirmed to be 
seronegative.

One of the difficulties in obtaining a good vaccination 
history at IBD diagnosis is relying on recall as a measure of 
vaccination status. In a number of studies self-reporting of 
vaccination status has been found to be a relatively sensitive 
tool, but of low specificity. A cross-sectional survey of 
patients of a US Veteran Affairs Medical Center found self- 
reported influenza vaccination had a sensitivity of 1.0 and 
specificity of 0.79. Self-reported pneumococcal vaccination 
status had a sensitivity of 0.97 and a specificity of 0.53. This 
may reflect the fact that influenza vaccine is recommended 
annually and recalled more readily, whereas other vaccines, 
such as pneumococcal polysaccharide vaccine, may have 
been administered a number of years previously and forgot-
ten [91]. Similarly, an Australian hospital-based study of 
nearly 5000 adults aged ≥65 years had high sensitivity 
(98 %) for self-reported influenza vaccination status but low 
specificity (56 %) [92]. This highlights that vaccine history 
needs to be carefully clarified and should be verified when-
ever possible with the patient’s primary care provider. While 
there are some population-based immunization registers, 
they exist variably in most regions of the world, and are often 
for children rather than adults [93].

 Role of Serologic Testing

In certain instances, serology can be used to measure the 
response to vaccination; however, the tests performed are 
laboratory dependent and may only be suitable for use as a 
research tool, or for detecting antibody from prior natural 
infection (not vaccination). Serology can be helpful, such as 
when there is a clear correlate of protection, such as the pres-
ence of hepatitis B surface antibody 6 weeks post hepatitis B 
vaccination. Other vaccine antibody responses for which 
routine serology is generally considered reliable as a test of 
seroconversion (and likely protection) include measles, 
mumps, and tetanus. However, for most VPD, even the best 
serologic marker does not provide a strict correlate of protec-
tion, and so, if doubt exists as to whether a patient has previ-

ously had the recommended number of vaccine doses, 
revaccination is generally recommended. Individual physi-
cians may consider using serology to guide decision making 
regarding vaccination of IBD patients for VPD such as vari-
cella [88, 94].

 Maternal Vaccination and IBD

Inflammatory bowel disease in pregnancy is increasingly 
identified as an important area of management [95]. 
Pregnancy is also a time of increased risk of vaccine prevent-
able diseases such as influenza [96] so optimizing protection 
via vaccination is important. Other vaccines that can be 
administered in pregnancy include pertussis, both to protect 
the mother and the infant [97]. If female IBD patients are on 
biologics during pregnancy, it is important to avoid live vac-
cines in infants for the first 6 months, particularly BCG vac-
cine as there is a risk of infant mortality [9, 98, 99].

 Vaccines for IBD Patients

 Hepatitis A Vaccine

Hepatitis A is an important vaccine preventable disease, with 
protection recommended in medical conditions such as IBD 
[9, 100]. A two-dose schedule at 0 and 6–12 months is rec-
ommended and may be administered as a combined hepatitis 
A–hepatitis B vaccine (see Table 59.3) [101]. The serum 
immune response to hepatitis A vaccine is adequate in some 
studies [102] but in others is reduced in patients on two or 
more immunosuppressive agents (92.6 % [50/54] versus 
98.4 % [359/365], p = 0.03) [103].

 Hepatitis B Vaccine

There is a risk of reactivation of hepatitis B infection with the 
use of immunosuppressive therapies in IBD as detailed 
above [104–107], so excluding latent infection and ensuring 
satisfactory response to hepatitis B vaccination in patients 
with IBD is crucial and should be conducted at diagnosis. 
Populations vary widely in the seroprevalence of hepatitis B, 
which is impacted by both disease epidemiology in the coun-
try of residence and vaccination policy. In one IBD outpa-
tient serosurvey only 28 % had serological evidence of 
hepatitis B protection [88]. Similarly, a detailed hepatitis 
status review of 315 IBD patients (252 Crohn’s )disease and 
63 ulcerative colitis) who had been vaccinated as part of the 
routine immunization schedule in France years earlier 
revealed an adequate post-vaccination anti-Hep B surface 
antibody (anti-HepBsAb of >10 IU/mL) in 49 % of patients 
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[105]. In a multivariate analysis, age at diagnosis of >31 years 
(p = 0.005) and disease duration of >7 years (p = 0.005) were 
associated with a lack of effective vaccination protection 
[105]. This was similar to a cross-sectional multicenter study 
in Spain [108]. The response has also been found to be lower 
in individuals with long-term IBD progression, low serum 
albumin levels, and corticosteroid therapy [109].

Importantly, a high proportion of IBD patients with pro-
tective anti-HepB surface antibody titers can lose them over 
time, with one study finding 18 % loss of protection per 
patient year of follow-up and threefold higher in those on 
anti-TNF therapy [110].

As a non-live vaccine, hepatitis B vaccine can be given to 
IBD patients irrespective of whether they are receiving immu-
nosuppressive therapy. Vaccination is generally in a three-
dose course over a 6-month period [67, 69]. If a previously 
fully immunized person is shown to be non-immune, an addi-
tional “booster” dose should be administered, and confirma-
tion of serological response (>10 mIU/mL) should be 
undertaken 4–6 weeks after the dose. If the patient continues 
to show non-response to a booster dose, strategies such as high 
dose vaccination, repeat boosting and/or intradermal adminis-
tration can be considered, as these approaches have been suc-
cessful in other high-risk populations such as hemodialysis 
patients [111]. A double dose of a combined hepatitis B vac-
cine is a strategy that has also been shown to improve serocon-
version rates, with an OR of 4 (95 % CI 2–8; p < 0.001) in 
multivariate analysis, compared with standard dosing [112].

 Human Papillomavirus (HPV) Vaccine

Female IBD patients are at increased risk of HPV-related 
precancerous cervical changes [58, 59]. Approximately 70 % 
of cervical cancers are associated with HPV serotypes 16 
and 18. Two other types, 6 and 11, are the major cause of 
anogenital warts [113]. There are two inactivated HPV vac-
cines available; both offer protection against types 16 and 18, 
with one also containing types 6 and 11. In healthy females 
both vaccines have been shown to be highly immunogenic 
and efficacious against cervical carcinoma-in-situ (CIN) 
([114, 115], #54). Vaccination is also immunogenic in males 
and can protect against HPV-related cancers (anogenital and 
oropharyngeal) in males [116, 117].

The vaccines should ideally be administered before expo-
sure to HPV through sexual contact; most national HPV vac-
cination programs )administer the vaccines between 9 and 
13 years of age [67, 69]. Regular screening for cervical 
changes is still recommended for all women with IBD who 
have been vaccinated as vaccination does not protect against 
all cervical cancer causing strains.

There is currently no serological correlate of protection 
for HPV vaccines and follow-up has not been long enough to 

measure the impact on cervical cancer rates. HPV vaccines 
appear to be more immunogenic than natural infection and 
high antibody titers have persisted for greater than 6 years of 
follow-up of original trial patients [115, 118, 119]. In a study 
of 37 female IBD patients on immunosuppressive therapy, 
the quadrivalent HPV vaccine was immunogenic, with no 
serious adverse events reported [120].

The vaccine has also been shown to be immunogenic in 
females with pediatric rheumatological conditions on bio-
logic therapies [121].

 Influenza Vaccine

As the risk of morbidity and mortality from influenza infec-
tion is higher in IBD patients [9], it is universally recom-
mended they receive an annual inactivated (non-live) 
seasonal trivalent influenza vaccine [67, 69]. If the diagno-
sis of IBD is made in childhood (<9 years of age) and the 
child has not previously received at least two doses of influ-
enza vaccine (<9 years of age) it is recommended they 
receive two doses in the first year they receive the vaccine 
(minimum 1 month apart) and then annual vaccination 
thereafter [67, 69].

The response to influenza vaccine in patients receiving 
immunomodulatory therapy appears variable. One study of 
the trivalent influenza vaccine (TIV) in 146 IBD patients 
found better immunogenicity against A/H1N1 and A/H3N2 
than the B strain (p < 0.02), independent of immunosuppres-
sion status, although anti-TNF therapy diminished the 
response to one of the three vaccine strains [81]. Anti-TNF 
therapy was also associated with a reduced response to the 
pandemic influenza A H1N1/09 vaccine [122].

Other studies have found immunosuppressive treatment 
impacts on influenza vaccine immunogenicity response in 
IBD patients [82]. In one study of 80 subjects (29 healthy con-
trols, 50 IBD patients) the 16 patients receiving infliximab and 
immunomodulatory therapy were less likely to respond to two 
influenza vaccine antigens (A/New Caledonia/20/99 and B/
Hong Kong/330/2001 (p = 0.018 and p = 0.0002, respectively). 
This decreased immunogenicity may potentially be overcome 
in selected circumstances by administering an additional dose 
of vaccine, as seen in some special risk group studies of pan-
demic H1N1 vaccination [123].

Studies to specifically assess efficacy of the trivalent influ-
enza vaccine (TIV) in preventing influenza disease are gener-
ally lacking in special risk groups, including patients with IBD 
[124]. One small randomized trial in HIV (N = 103) patients 
found a high efficacy in those receiving TIV [125]. This study, 
as with many immunogenicity trials in high-risk groups such 
as IBD patients, was limited by a small sample size and high-
lights the need for further research including new vaccine 
delivery methods, such as intradermal vaccination, that could 
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potentially be more immunogenic and hence produce better 
clinical protection [126, 127]. New vaccine adjuvants may 
also prove to be more immunogenic in immunocompromised 
patients such as those with IBD [126, 127].

 Measles Vaccine

Protection against measles is variable in IBD patients. One 
serosurvey found that only 30 % of patients were seroposi-
tive [128] and a German study demonstrated that 45 % of 
IBD patients had not been vaccinated against measles [129].

The ideal time to review protection from measles is at 
diagnosis and before commencement of any immunosup-
pressive therapies. A two-dose schedule (minimum 1 month 
apart) is recommended if not previously vaccinated and can 
be administered as combined measles–mumps–rubella 
(MMR) vaccine (see Table 59.3).

It is generally contraindicated to administer primary vac-
cine doses in immunosuppressed patients, but booster MMR 
doses have been safely administered in rheumatology 
patients on biologic therapies [130].

 Meningococcal Vaccines

Up to 25 % of IBD patients are diagnosed in adolescence or 
early adulthood [131] and the incidence in the pediatric pop-
ulation is increasing [132]. The risk of meningococcal dis-
ease is highest in this age group and many countries now 
recommend conjugate meningococcal vaccines, either 
against meningococcal C vaccine alone or the 4-valent (A, C, 
W135, Y) vaccine for adolescents [133]. Two vaccines are 
now also available to protect against meningococcal sero-
group B, the most prevalent serogroup in a number of coun-
tries, including the UK and Australia [134–136]. 
Meningococcal B vaccines have been used as an outbreak 
control measure in US university outbreaks [137], and will 
be included on the routine immunization schedule for infants 
in the UK from 2016 onwards. The choice of vaccines against 
meningococcus should be guided by local disease epidemi-
ology as endemic strains vary by setting [67].

Although there are no studies of the immunogenicity of 
meningococcal conjugate vaccines in IBD patients, a multi-
center cohort study of JIA patients (aged 1–19 years) found 
the overwhelming majority were able to mount a satisfactory 
immune response, including patients on high dose immuno-
suppressive medication [138]. Importantly there was no 
increase in JIA disease activity or relapse frequency. 
Meningococcal vaccination, using vaccine(s) relevant for the 
local epidemiology should therefore be considered as part of 
standard prototection in both males and females with IBD.

 Pertussis Vaccine

Bordetella pertussis (whooping cough) is an important VPD, 
that requires regular booster doses to ensure ongoing protec-
tion. Vaccination is now also recommended in a number of 
countries during pregnancy to provide protection for both the 
mother and infant. Pertussis infection in elderly patients with 
IBD can also cause significant morbidity [139].

A small study in 71 IBD patients, showed that those on 
immune modulators had an impaired response to pertussis 
vaccination [140]. Pertussis vaccines are also combined with 
diphtheria and tetanus, and should be considered in all IBD 
patients every 10 years.

 Pneumococcal Vaccines

Vaccination against pneumococcal disease with conjugate 
vaccines (containing either 10 or 13 serotypes) is generally 
recommended for patients with IBD, depending on their age 
and past history of immunization [141, 142]. There is limited 
data specifically examining the use of these conjugate pneu-
mococcal vaccines in IBD patients, but a study of juvenile 
idiopathic arthritis patients on biologic therapies showed 
excellent immunogenicity [143]. Children receiving anti- 
TNF inhibitors produced mean antibody titers above the 
threshold level, but had significantly lower titers against sero-
types 4, 14 and 23F (p < 0.05) than controls [143]. A recent 
study showed the 13-valent pneumococcal conjugate vaccine 
provided protection against community acquired pneumo-
coccal pneumonia in older adults in the Netherlands [144].

In adults known to be at high risk of IPD, including IBD 
patients on immunosuppressive therapies, some guidelines 
recommend the pneumococcal polysaccharide vaccine 
(23vPPV) as well [67, 145]. However, the immunogenic 
response to the 23vPPV in patients on immunosuppressive 
therapies such as biologic agents is reduced [146]. Variable 
immunogenicity response to 23vPPV has also been seen in 
other high (special) risk groups such as patients with rheu-
matoid arthritis, again particularly those on combination 
therapies [147]. The 23vPPV vaccine should ideally be 
administered more than 6–12 months following a pneumo-
coccal conjugate vaccine dose [141].

 Varicella Vaccine

Live attenuated vaccines such as varicella must be consid-
ered with caution in patients who are immunosuppressed due 
to risk of unchecked vaccine virus replication and complica-
tions [148]. This needs to be balanced with the risk of wild- 
type varicella infection; in an adult IBD study using a 
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detailed history and serological assessment, approximately 
10 % were found to not be protected from varicella [88]. The 
best approach to preventing varicella in IBD patients is to 
review the clinical history and immunization status at diag-
nosis and, if unclear, undertake varicella serology, for evi-
dence of past infection. Varicella vaccination should ideally 
be given as two doses (minimum 1 month apart), at least 
4 weeks before commencing immunosuppressive therapy. 
This “window of opportunity” is becoming smaller with the 
earlier use of immunomodulatory therapy in IBD and may 
not always be possible [148].

A small case series of six children with IBD safely received 
varicella vaccination while on infliximab therapy [80]. 
However, larger prospective studies are required before vari-
cella vaccination of persons [149]. Larger studies of live atten-
uated varicella vaccine have been conducted in other 
immunocompromised patients, such as children with leukemia 
on maintenance therapy. However, although the incidence of 
varicella and later herpes zoster was reduced, vaccine associ-
ated rash was common (40 %) and 4 % of patients required 
antiviral therapy [150]. At follow-up these children were found 
to have a decreased incidence of herpes zoster (p < 0.05) [150, 
151] but these studies did not lead to routine recommendations 
of varicella immunization in children on chemotherapy. In 
summary, the administration of live vaccines needs to be made 
on a case by case basis with input from gastroenterologists, 
infectious disease specialists and vaccinologists as required.

 Zoster Vaccine

A high titer varicella-zoster virus (VZV) vaccine for the 
prevention of herpes zoster is now registered in many coun-
tries for persons >50 years of age who have previously had 
varicella infection. This booster dose stimulates cell-medi-
ated immunity to suppress varicella virus reactivation, and 
hence the development of a “shingles” rash and associated 
neuralgia. In a single placebo-controlled trial of >38,000 
healthy adults aged >60 years followed up with a median of 
3.1 years, vaccination reduced the burden of illness due to 
herpes zoster by 61 % (p < 0.001) [152]. It also reduced the 
incidence of post-herpetic neuralgia by 67 % (p < 0.001) 
[152]. Ideally, the vaccine should be administered at least 
4 weeks before immunosuppressive medication is com-
menced [153].

An inactivated herpes zoster subunit vaccine has shown 
high efficacy in a phase 3 clinic trial [154]. In over 15,000 
healthy participants aged 50 years or older, overall vaccine 
efficacy against herpes zoster was 97.2 % (95 % CI 93.7–
99.0; p < 0.001). As an inactivated vaccine, this would not be 
contraindicated in immunosuppressed IBD patients. 
Evidence around immunogenicity and efficacy in special 
risk populations is required, but this vaccine may hold prom-

ise for IBD patients.

 Future Studies of VPD and Vaccines

There is a requirement to derive more data on the immunoge-
nicity, efficacy, and safety of vaccination in individuals with 
IBD, particularly those on immunosuppressive therapies. This 
needs to be collated with other special risk groups on similar 
therapeutic regimens, such as patients with arthritis on bio-
logic therapies. Immune persistence studies will help deter-
mine whether “booster” doses are required in the future. More 
trials into novel vaccine delivery methods (e.g., intradermal 
influenza vaccine) [126] and increased valencies of currently 
available vaccines (e.g., pneumococcal conjugate vaccines) 
are required to optimize protection in vulnerable IBD patients.

 Travel Vaccines
As IBD patients’ quality of life improves with advances in 
disease-modifying therapies and nutritional strategies, more 
patients will travel. Travel may place IBD patients at risk of 
infections, including some additional vaccine preventable 
diseases. Physicians need to explore the destination of travel 
and provide opportunities for advice at least 4–6 weeks prior 
to travel (see Table 59.3) [155, 156].

 Conclusions

Patients with IBD disease, particularly those on immunosup-
pressive therapies, are at increased risk of infection, including 
VPDs. The increased risk of infection in IBD patients impacts 
on their associated morbidity and mortality. Preventative medi-
cine for IBD patients is crucial to improving quality of life [20]. 
This should include a comprehensive and ongoing risk assess-
ment for infectious disease risk in all IBD patients that incorpo-
rates screening for and treatment of underlying infection(s), 
patient education, vaccination, chemoprophylaxis, and careful 
monitoring while on immunosuppressive therapy. 
Implementation of these preventative strategies will have an 
appreciable impact on the well-being of all IBD patients.
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Patients with long-standing ulcerative colitis (UC) or 
Crohn’s colitis are at an increased risk for development of 
colorectal cancer (CRC). Although several risk factors for 
the development of CRC have been recognized, colitis-
related dysplasia confers the greatest risk and colonoscopic 
surveillance to detect dysplasia has been advocated by gas-
trointestinal societies [1–9]. The goal of endoscopic surveil-
lance is to reduce mortality and morbidity of CRC by either 
detecting and resecting dysplasia or detecting CRC at earlier 
and potentially curable stages [10]. Although recent litera-
ture has been conflicting on whether there have been changes 
in the risk of CRC in IBD patients, the majority of emerging 
studies from diverse population-based cohorts suggest that 
there has been a reduction in the risk of CRC in IBD patients 
[11–13]. The implementation of surveillance colonoscopy, 
allowing detection and endoscopic resection of dysplastic 
lesions before the development of CRC and appropriate tim-
ing of colectomy and more effective treatments resulting in 
mucosal healing may explain this temporal reduction [14].

Surveillance strategies have traditionally relied on exami-
nation of the mucosa with targeted biopsies of visible lesions 
and random biopsy sampling based on the presumption that 
dysplasia is frequently not associated with visible mucosal 
abnormalities [15, 16]. Meanwhile, advances in optical tech-
nology allowing for greater endoscopic resolution of dyspla-
sia and consensus that most dysplasia in patients with IBD is 
visible, has led to a paradigm shift in the approach to surveil-
lance and management of dysplasia [17, 18]. This chapter 

will review the epidemiology and risk factors for CRC in 
patients with IBD, outline the most recent surveillance 
guidelines from scientific societies, discuss the management 
of dysplasia and briefly summarize chemoprevention.

 Epidemiology

The association between IBD and CRC has been recognized for 
nearly 100 years since the first sigmoidoscopic descriptions of 
polyps in cancer in the setting of colitis in the 1920s [19]. The 
precise level of risk however remains unknown with contro-
versy surrounding aspects of our current surveillance strategies 
for patients with IBD. Indeed, the traditional adenoma-carci-
noma sequence, which forms the basis of surveillance strategies 
for sporadic CRC, does not apply to colitis- associated cancers 
[20, 21]. The pathogenesis of CRC in IBD is less certain and is 
believed to be a consequence of the cytokine milieu and free 
radicals associated with inflammation creating or superimpos-
ing upon molecular alterations [22]. Some features that distin-
guish the colitis-related CRC from sporadic CRC include:

 1. An increased risk of CRC in patients with chronic colitis 
compared to the general population.

 2. The rate of synchronous tumors in IBD is higher than in 
sporadic CRC [12 % versus 3–5 %] [23].

 3. Absence of a preceding adenomatous lesion.
 4. The dysplasia to carcinoma sequence may be accelerated 

compared to non-colitis patients with estimates running 
from 2 to 5 years [24]. Genetic alterations are similar to 
sporadic CRC but seem to occur in a different sequence, 
with p53 mutated early and APC and GSK3β mutations 
occurring late and over a shorter time frame [25].

 5. Morphological features of CRC in IBD are more varied 
with serrated or flatter and often multifocal lesions affect-
ing broad segments of mucosa.

The risk of CRC in IBD (and UC in particular) increases 
with time but risk estimates are difficult to quantify, often 

mailto:jimmy.limdi@nhs.net
mailto:francis.farraye@bmc.org


640

handicapped by heterogeneity in the retrospective cohorts 
used in the analysis.

A large meta-analysis by Eaden et al. estimated a cumula-
tive CRC risk of 2 % at 10 years, 8 % at 20 years and 18 % 
after 30 years of colitis [26]. Herrinton and colleagues in a 
closed health maintenance organization (HMO] study from 
Northern California found in excess CRC incidence and 
mortality in IBD patients similar to a previous population- 
based study from Olmsted County, Minnesota [13, 14]. It is 
noteworthy that adoption of surveillance colonoscopy in at- 
risk IBD patients from the HMO in Northern California was 
low although to what extent this was driven by patient choice 
or indeed physician practice is open to speculation [27]. A 
recent population-based study from Copenhagen County, 
Denmark, demonstrated a decreasing incidence of CRC in 
IBD patients over the last few decades [28]. A 40-year colo-
noscopic surveillance program from St. Mark’s Hospital, 
UK reported a cumulative incidence of developing CRC in 
IBD patients at 0.1 % in the first decade since UC symptom 
onset, followed by 2.9 %, 6.7 % and 10 % by the second, 
third, and fourth decade respectively [29]. Of 1375 UC 
patients followed for 15,234 patient-years (median 11 years 
per patient) CRC was detected in 72 patients [28]. There was 
a significant decrease in the incidence of colectomy for dys-
plasia and a reduction in the incidence rate (IR) of advanced 
CRC and interval cancers over 4 decades of surveillance. 
Although IR for early CRC increased 2.5-fold in the current 
decade a high 10-year survival (79.6 %) was reported. 
Furthermore, IR of dysplasia was also noted to be increased, 
likely attributable to the use of chromoendoscopy which was 
noted to be twice as effective at dysplasia detection as white 
light endoscopy (p < 0.001) [29]. The rate of progression 
from indefinite and low-grade dysplasia to cancer observed 
in high-risk cohorts from academic centers appears low even 
when variables such as primary sclerosing cholangitis and 
previous advanced dysplasia are factored in [30–33]. Such 
controversy notwithstanding, recent studies suggest a 
decrease in the risk of CRC in IBD, a temporal reduction that 
could be explained by more aggressive control of inflamma-
tion through medication, the greater uptake of surveillance 
colonoscopy allowing detection and resection of dysplastic 
lesions before the development of CRC and appropriate tim-
ing of colectomy [14, 34, 35].

The data is less clear in CD with many earlier studies hav-
ing failed to adjust for variables such as disease location 
(colonic or small bowel), history of colonic resection or dis-
ease duration. In patients with Crohn’s colitis who did not 
have a colectomy, an increased incidence of CRC has been 
noted [36–39]. In a large population-based study, Bernstein 
et al. confirmed an increased incidence of CRC in CD 
patients equal to the risk for UC patients [40]. A subsequent 
meta-analysis of 12 studies reported an overall CRC relative 
risk (RR) in CD patients of 2.5 (95 % CI, 1.3–4.7). The RR 

increased to 4.5 (95 % CI, 1.3–1.49) in patients with colonic 
Crohn’s disease, but was less for ileal disease (RR 1.1, CI 
0.8–1.5) [41]. The risk of developing CRC therefore appears 
to be equivalent in patients with Crohn’s colitis and UC.

 Risk Factors for CRC in IBD

Several risk factors are associated with increased risk of 
development of colorectal neoplasia in patients with 
IBD. These include young age of disease onset, longer dura-
tion of disease, extent of colitis, family history of CRC in a 
first-degree relative diagnosed before 50 years of age, per-
sonal history of primary sclerosing cholangitis (PSC), a per-
sonal history of dysplasia, stricturing disease in UC patients, 
active endoscopic or histological inflammation, inflamma-
tory (“pseudo”) polyps and possibly male gender [2–9, 42, 
43]. Patients with subtotal colitis or pancolitis have the high-
est risk of developing CRC and patients with colonic CD 
disease involving more than a third of the colon are also at 
increased risk of CRC [36, 44, 45]. The extent of colonic 
involvement must be based on both endoscopic and histo-
logical criteria and on whichever reveals more extensive dis-
ease [2, 4, 46–48]. Although patients with proctitis or 
proctosigmoiditis alone are at no increased risk compared 
with the general population, many patients with proctitis will 
develop more proximal disease over the course of their life-
time and a screening colonoscopy is recommended 8 years 
after the onset of symptoms even in patients with previously 
isolated proctitis to confirm extent of disease [5, 44, 49, 50]. 
There is insufficient evidence to support the presence of 
backwash ileitis as an independent risk factor for developing 
CRC [2]. Longer duration of disease increases the risk of 
CRC; specifically the RR rises of 8–10 years of disease 
which forms the rationale behind the initiation of surveil-
lance colonoscopy [28, 51].

A concurrent diagnosis of PSC is an indisputable risk fac-
tor for the development of CRC. A meta-analysis of 11 trials 
by Soetikno et al. reported a fourfold increased risk of devel-
oping colonic neoplasia patients with PSC and UC compared 
to those with UC alone [52]. In addition, several clinical tri-
als have demonstrated a persistently elevated risk of CRC 
despite undergoing orthotopic liver transplantation [53–55]. 
Thus, patients with IBD and PSC should undergo surveil-
lance colonoscopy annually beginning at the time PSC is 
diagnosed.

A family history of CRC in a first-degree relative under 
50 years of age is a high-risk factor developing CRC in IBD 
patients. A case-control study of 297 patients from the Mayo 
Clinic found that a family history of CRC was twice as com-
mon in patients with UC and CRC compared to those patients 
with UC alone [56]. In another study by Askling and col-
leagues, family history of CRC was associated with a greater 
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than twofold increased risk of CRC in patients with IBD 
[57]. Although disease duration has been proven to increase 
the risk of developing CRC, studies examining a link between 
early age of onset of IBD and CRC are conflicting. Thus, 
according to AGA guidelines, surveillance should be based 
on duration of illness, not chronological age [2]. A 
population- based cohort study of 7607 patients diagnosed 
with IBD assessed the sex-specific incidence of CRC and 
found that IBD confers a lower risk of CRC to females than 
to males [58].

The known risk factors for CRC in IBD are almost all 
nonmodifiable with the possible exception of inflammation 
[42, 43, 59]. In a case control study of 68 patients, Rutter and 
colleagues found that the degree of histological inflamma-
tion positively correlated with an increased risk of neoplasia 
[42]. A cohort study of 418 patients with UC found a positive 
association between degree of microscopic inflammation 
and advanced neoplasia [43]. Two other studies have simi-
larly noted an increased risk of CRC in individuals with 
higher rates of endoscopic or histologic inflammation [59, 
60]. Colonoscopic features such as strictures are considered 
a risk factor for CRC in UC but not in CD [60, 61]. A short-
ened tubular colon and multiple pseudopolyps also increase 
CRC risk, the latter also significantly limiting the ability to 
adequately survey the colon [62]. These clinically important 
associations should be considered when counseling a patient 
about their risk of developing CRC.

 Surveillance

The goal of endoscopic surveillance is to reduce mortality 
and morbidity of CRC by either detecting and resecting dys-
plasia or detecting CRC at earlier and potentially curable 
stage [10]. Although no randomized controlled trials have 
evaluated the efficacy of surveillance colonoscopy, endo-

scopic surveillance has been shown to reduce the risk of 
death from CRC in the IBD population and also to be cost- 
effective in various case-series, case-control studies, and 
population-based cohort studies [11, 12, 63–66]. Thus, the 
invasive nature of colonoscopy and considerable utilization 
of societal resources notwithstanding, surveillance colonos-
copy in IBD patients has been endorsed by multiple societies 
[2–9]. Most societies agree that all patients with a history of 
UC (including isolated proctitis) and Crohn’s colitis should 
be offered screening colonoscopy approximately 8–10 years 
after onset of clinical symptoms to restage disease extent and 
evaluate features that may confer a higher risk for IBD–
CRN. An exception is the NICE guidance, which recom-
mends surveillance in patients with Crohn’s colitis involving 
more than one segment, those with left-sided or more exten-
sive UC but not isolated ulcerative proctitis [7].

Optimal surveillance intervals have not been defined in 
prospective studies and societies thus differ in their recom-
mendations with surveillance intervals after a screening 
colonoscopy. All societies agree and recommend that patients 
with the highest risk of IBD-CRN have annual screening. 
These include concomitant PSC, extensive colitis with active 
endoscopic or histological inflammation, a family history of 
CRC in a first-degree relative under the age of 50, a personal 
history of dysplasia, and stricturing disease in UC patients 
[2–9]. Normal appearing mucosa appears to be associated 
with a lower risk of IBD-CRN [61]. Thus, patients with 
lower risk are recommended surveillance between 2–5 years. 
The BSG, ECCO, NICE, and CCA support a risk- 
stratification approach, increasing surveillance intervals to 5 
years in lowest risk patients [6–9]. United States societies 
have not yet recommended lengthening of surveillance inter-
vals beyond 3 years [2, 4, 5]. Specific recommendations 
from the 2010 AGA Technical Review on the Diagnosis and 
Management of Colorectal Neoplasia in IBD are outlined in 
Table 60.1. Recommendations from the British Society of 

Table 60.1 AGA surveillance guidelines for CRC in IBD

•  All patients, regardless of extent of disease at initial diagnosis, should undergo a screening colonoscopy a maximum of 8 years after onset 
of symptoms, with multiple biopsy obtained throughout the entire colon, to assess the microscopic extent if inflammation

•  Patients with ulcerative proctitis or ulcerative proctosigmoiditis are not considered at increased risk for IBD-related CRC and thus may be 
managed on the basis of average risk recommendations

• Patients with extensive left-sided colitis should begin surveillance with 1–2 years after the initial screening endoscopy

• After two negative exams (no dysplasia or cancer), further surveillance exams should be performed every 1–3 years

• Patients with PSC should begin surveillance colonoscopy at the time of PSC diagnosis and then yearly

•  Patients with a history of CRC in a first-degree relative, ongoing active endoscopic or histologic inflammation, or anatomic abnormalities 
(shortened colon, multiple pseudopolyps, or stricture), may from more frequent surveillance colonoscopy

•  Representative biopsy specimens from each anatomic section of the colon is recommended. Though no prospective trails have determined 
the optimal number of biopsies to take, one study has recommended a minimum of 33 biopsy specimens

• Surveillance colonoscopy should ideally be performed when patient is in remission

• These recommendations apply to Crohn’s colitis who have disease involving at least one-third of their colon

Reprinted from Gastroenterology; 138(2). Farraye FA, Odze RD, Eaden J, Itzkowita SH. AGA technical review on the diagnosis and management 
of colorectal neoplasia in inflammatory bowel disease. p. 746–74.e4. ©2010 with permission from Elsevier

60 Incidence of Cancer and Screening in Inflammatory Bowel Disease



642

Gastroenterology from 2010 incorporate risk factors and 
newer imaging techniques and are outlined in Table 60.2.
Several factors influence the success of surveillance. Firstly, 
the ability to detect dysplasia may be variable. Random 
biopsy sampling was based on the presumption that dyspla-
sia is frequently not associated with visible mucosal abnor-
malities. To detect dysplasia with 90 % probability, 33 serial 
colonic biopsies from four quadrant biopsy specimens need 
to be obtained every 10 cm from each anatomical segment of 
the colon [67]. This practice has been endorsed by multiple 
societies [2–4]. Although possibly true at the inception of 
surveillance, evolution in endoscopic technology over the 
years, through standard definition colonoscopy using video 
chips to high-definition colonoscopy and indeed evidence 
that most dysplasia is visible at standard white light colonos-
copy has challenged this view [17, 68]. Furthermore, random 
biopsies sample well less than 1 % of total colonic mucosa 
and one study suggested that up to 1266 random biopsies 
would be needed to detect one additional episode of dyspla-
sia [69, 70]. In a study in which UC patients underwent colo-
noscopy every 2 years, interval cancers were observed to 
develop between 10 and 28 months after dysplasia-free 

examination [71]. Dysplasia can still be present in a normal 
appearing colon [17]. Additional aspects such as resectabil-
ity of dysplasia, anatomical features such as pseudopolyps 
and a shortened tubular colon may pose difficulties with dys-
plasia detection. Colonic inflammation can also make patho-
logic discrimination of dysplasia difficult, thus surveillance 
should ideally take place when the patient is in clinical 
remission. All this should be discussed carefully with patients 
when committing to a surveillance program. Despite this, 
evidence suggests that patients do not wish to consider col-
ectomy until there is a relatively high certainty of cancer 
underpinning the importance of careful considerations and 
meticulous assessment using the best available technology 
and skill to detect and reset dysplasia to avoid IBD-CRN and 
colectomy [72].

Meanwhile, new imaging techniques such as chromoen-
doscopy, narrow band imaging, and confocal endomicros-
copy have been developed as an adjunctive technique to 
detect more subtle mucosal abnormalities. Multiple studies 
have demonstrated a superior diagnostic yield and therapeu-
tic advantage with chromoendoscopy when compared with 
standard random biopsy and white light technique for index 

COLITIS SURVEILLANCE
SCREENING COLOSCOPY AT 10 YEARS

(preferably in remission, pancolonic dye-spray)

LOWER RISK

BIOPSY PROTOCOL

5 Years 3 Years 1 Years

INTERMEDIATE RISK

OTHER CONSIDERATIONS

HIGHER RISK
Extensive colitis with NO ACTIVE

Panacolonic dye spraying with targeted biopsy of Patient preference, multiple post-inflammatory polyps,

CRC - colorectal cancer
FDR - first degree relative
PSC - primary sclerosing cholangitis

age & commorbidity, accuracy & completeness of
examination

abnormal areas is recommended, otherwise 2-4 random
biopses from every 10 cm of the colorectum should be
taken

OR left-sided colitis
OR Crohn’s colitis of <50%  colon

endoscopic/histological inflammation
Extensive colitis with MILD ACTIVE

OR post-inflammatory polyps
OR family history CRC in FDR aged 50+

endoscopic/histological inflammation
Extensive colitis with MODERATE/SEVERE

OR stricture in past 5 years
OR dysplasia in past 5 years declining surgery
OR PSC/ transplant for PSC
OR family history CRC in FDR aged <50

ACTIVE endoscopic/histological inflammation

Table 60.2 Recommendations from the British Society of Gastroenterology

Reproduced from Gut. Cairns SR, Scholefield JH, Steele RJ, et al. 59:666–89. ©2010 with permission from BMJ Publishing from BMJ Publishing 
Group Ltd
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screening of dysplasia in colitis [73–78]. Meta-analysis of 
these trials supports the use of chromoendoscopy with tar-
geted biopsies for detecting dysplasia being 8.9 times more 
likely to detect any dysplasia and 5.2 times more likely to 
detect non-polypoid dysplasia than white light endoscopy 
with random biopsy [79, 80]. Such evolution in knowledge 
has seen cautious translation in societal recommendations 
over the years. Thus, the ACG 2010 guidelines considered it 
premature to endorse chromoendoscopy in low-risk patients 
[4]. The CCFA 2004 and AGA 2010 guidelines, however 
consider chromoendoscopy with targeted biopsies as a rea-
sonable alternative to white light endoscopy for endoscopists 
experienced in this technique [2, 3]. All recent European 
guidelines (ECCO, BSG, NICE) and recent ASGE guidance 
endorse chromoendoscopy with targeted biopsies as a sur-
veillance protocol of choice [5–8]. The recently published 
SCENIC international consensus statements recommend 
chromoendoscopy over standard white light colonoscopy 
and suggest chromoendoscopy over high-definition colonos-
copy for dysplasia surveillance in IBD [68]. Meta-analysis 
showed a significantly greater proportion of dysplasia detec-
tion at chromoendoscopy (RR 1.8, absolute risk increase 
6 %) then white light colonoscopy alone [68]. This strategy 
has also been shown to be cost-effective especially with 
increasing surveillance interval based on the risk of CRC 
[81]. Although the SCENIC consensus recommends chro-
moendoscopy over high-definition white light colonoscopy it 
was acknowledged that this recommendation is conditional 
being based on a small observational study [68, 82]. Where 
chromoendoscopy expertise is not available SCENIC recom-
mends high-definition over standard white light colonoscopy 
[68]. Chromoendoscopy involves the use of topical contrast 
agents, either 0.1 % methylene blue or 0.03–0.5 % indigo 
carmine. Excellent bowel preparation is a prerequisite. 
Colonic mucosa is segmentally sprayed with contrast agent 
after cecal intubation and upon withdrawal, using a spray 
catheter or through the forward water–jet channel using an 
automated pump [73–75, 80, 81, 83]. Chromoendoscopy 
enhances mucosal irregularities and helps to delineate the 
lesion morphology, size, and border to evaluate for endo-
scopic features of submucosal invasion. Thus, endoscopi-
cally resectable lesions may be resected if feasible or tattooed 
and referred to an endoscopist with expertise in endoscopic 
mucosal resection or dissection as appropriate. Targeted 
biopsies should be taken from lesions deemed unresectable 
endoscopically and lesions of uncertain significance. 
Furthermore, at least two histological staging biopsies from 
each colonic segment are recommended to determine histo-
logical extent and severity of disease, which in turn affects 
the risk of dysplasia [5, 6, 8, 9]. Random biopsies however, 
are not recommended if chromoendoscopy is used for dys-
plasia surveillance [1, 5, 6, 8, 48]. Successful delivery of 
dysplasia surveillance using chromoendoscopy hinges on 

several factors. These include appropriate training (endosco-
pist and nurses), lesion recognition and its associated learn-
ing curve, inter-observer variability amongst pathologists in 
identifying and grading dysplasia and indeed operational 
barriers such as availability of dye and equipment, proce-
dural time resulting in some hesitancy amongst gastroenter-
ologists in adopting this modality and in some instances 
referral to “experts” to provide this [68]. Furthermore, 
heightened sensitivity of chromoendoscopy in detecting dys-
plastic foci notwithstanding, the natural history of additional, 
smaller, flatter lesions identified at chromoendoscopy is 
poorly understood [84]. The rate of progression from indefi-
nite and low-grade dysplasia to cancer appears to be low 
some in high-risk cohorts even when variables such as pri-
mary sclerosing cholangitis and previous advanced dysplasia 
are factored in [30–33]. To add to this conundrum, data from 
the Surveillance, Epidemiology and End results Medicare- 
linked database of patients over 67 years showed that interval 
cancers 6–36 months after colonoscopy occurred in much 
higher proportion of patients with IBD (15.1 % with Crohn’s 
disease and 15.8 % with ulcerative colitis) than patients with-
out IBD (5.8 %) suggesting that clinically relevant areas of 
neoplasia may be missed with current colonoscopy surveil-
lance [85]. However, the futility of random biopsy has been 
demonstrated repeatedly in prospective studies. Meanwhile, 
the evolution in our knowledge of the natural history of dys-
plasia and the clinical implications of dysplasia found by 
chromoendoscopy through its wider adoption may close 
many gaps in our understanding of its true utility. The bulk of 
evidence favors chromoendoscopy for surveillance and is 
backed by several scientific societies and international con-
sensus opinion [5, 6, 8, 9, 68]. Several organizations elected 
not to endorse the SCENIC recommendations feeling that 
additional studies are needed to confirm that clinical out-
comes are improved with chromoendoscopy. A summary of 
recommendations from the SCENIC consensus for surveil-
lance and management of dysplasia in patients with IBD is 
outlined in Table 60.3.

Other techniques for image-enhanced endoscopy are 
under investigation. Narrow-band imaging (NBI), an opti-
cal chromoendoscopy technology that uses filters to 
enhance the contrast of the mucosa and vasculature has not 
demonstrated an increased yield for dysplasia detection in 
randomized studies comparing NBI to either standard defi-
nition white light endoscopy (WLE) or high definition 
WLE [86–89]. Studies comparing NBI with chromoendos-
copy have reported a numerically higher detection rate with 
chromoendoscopy but at meta-analysis the difference was 
not statistically significant. The SCENIC consensus, there-
fore, does not recommend NBI over dye spray chromoen-
doscopy [68]. Autofluorescence and confocal laser 
endomicroscopy are under study but current data do not 
support their routine use [5, 68].
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 Dysplasia

Detection of dysplasia is the immediate goal of surveil-
lance colonoscopy and in turn the best marker of CRC risk 
in IBD patients although its detection has not clearly been 
documented to improve clinical outcomes such as CRC 
incidence or mortality [68]. Biopsies taken at surveillance 
colonoscopy must be graded as (1) positive for dysplasia, 
(2) negative for dysplasia, or (3) indefinite for dysplasia. 
These are further classified as (1) low-grade dysplasia 
(LGD), (2) high-grade dysplasia (HGD), or (3) carcinoma 
[90]. There is considerable inter-observer variability 
amongst pathologists around interpretation of low-grade 
dysplasia and “indefinite for dysplasia” categories [91]. 
Thus, once dysplasia is detected, a second opinion should 
be obtained from a specialist gastrointestinal pathologist to 
confirm the diagnosis [91].

Dysplasia is characterized as an endoscopically visible 
dysplastic lesion detected via targeted biopsies or via resec-
tion or indeed endoscopically invisible dysplasia detected by 
random biopsies [5]. Older guidelines recommended charac-
terizing detected lesions as sporadic adenomas if found out-
side an area of known colitis or as dysplasia-associated 
lesion or mass (DALM) if detected within an area of colitis 
[10]. DALM’s were further sub characterized as adenoma 
like (if raised or had an endoscopic appearance of a sporadic 
adenoma), or non-adenoma like [2]. Adenoma like DALM’s 
were amenable to endoscopic resection with close follow-up, 
whereas non-adenoma like DALM’s were an indication for 
surgery, with colectomy being traditionally indicated for 

high-grade dysplasia detected by random biopsy and multi-
focal low-grade dysplasia detected at random biopsies [2]. 
Recent guidelines recommend that the terms DALM, 
adenoma- like, and non-adenoma like lesion should be aban-
doned with the addition of terms for ulceration and border of 
the lesion [48, 68, 80, 92]. Thus, the term endoscopically 
resectable indicates that (1) distinct margins lesion can be 
identified, (2) lesion appears completely excised on visual 
inspection after endoscopic resection, (3) histological assess-
ment of the restricted specimen is consistent with complete 
removal, and (4) biopsy specimens taken from mucosa 
immediately adjacent to the resection site are free of dyspla-
sia on histological assessment [68]. Figures 60.1, 60.2, and 
60.3 are examples of pseudopolyps, polypoid dysplasia, and 
non-polypoid dysplasia respectively.

 Management of Dysplasia

The ability to accurately identify dysplasia and determine 
its potential resectability is key to further management [68]. 
The use of chromoendoscopy and other image enhancing 
techniques have enhanced dysplasia detection and lesion 
delineation as described above. Lesion morphology should 
be described as being polypoid (pedunculated or sessile) or 
non-polypoid (slightly elevated, flat, or depressed) and 
lesion borders classified as distinct or indistinct [5, 68, 93]. 
Any presence of overlying ulceration or features of sub 
mucosal invasion (such as depression or failure to lift with 
submucosal injection) may be indicative of underlying 
malignancy [80].

Table 60.3 Summary of recommendations for surveillance and management of dysplasia in patients with inflammatory bowel disease

Detection of dysplasia on surveillance colonoscopy

1. When performing surveillance with white-light colonoscopy, high definition is recommended rather than standard 
definition (strong recommendation, low-quality evidence)

2. When performing surveillance with standard-definition colonoscopy, chromoendoscopy is recommended rather than 
white-light colonoscopy (strong recommendation, moderate-quality evidence)

3. When performing surveillance with high-definition colonoscopy, chromoendoscopy is suggested rather than 
white-light colonoscopy (conditional recommendation, low-quality evidence)

4. When performing surveillance with standard-definition colonoscopy, narrow-band imaging is not suggested is place 
of white-light colonoscopy (conditional recommendation, low-quality evidence)

5. When performing surveillance with high-definition colonoscopy, narrow-band imaging is not suggested in place of 
white-light colonoscopy (conditional recommendation, moderate-quality evidence)

6. When performing surveillance with image-enhanced high-definition colonoscopy, narrow-band imaging is not 
suggested in place of chromoendoscopy (conditional recommendation, moderate- quality evidence)

Management of dysplasis discovered on surveillance colonoscopy

7. After complete removal of endoscopically resectable polypoid dysplastic lesions, surveillance colonoscopy is 
recommended rather than colectomy (strong recommendation, very low-quality evidence)

8. After complete removal of endoscopically resectable nonpolypoid dysplastic lesions, surveillance colonoscopy is 
suggested rather than colectomy (conditional recommendation, very low-quality evidence)

9. For patients with endoscopically invisible dysplasis (confirmed by a Gl pathologist) referral is suggested to an 
endoscopist with expertise in IBD surveillance using chromoendoscopy with high-definition colonoscopy 
(conditional recommendation, very low-quality evidence)
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A lesion detected at endoscopy should be identified as 
being within or outside an area of known colitis. Lesions in 
segments outside an area of known colitis should be treated 
as sporadic adenomas with standard post-polypectomy 
surveillance recommendations [2, 48, 94, 95]. Lesions in 
an area of known colitis should be assessed for endoscopic 
resectability and if possible completely resected by an 
experienced endoscopist regardless of underlying colitis or 
grade of dysplasia, acknowledging that inflammation, fri-
ability and scarring can make such resection technically 
more difficult in which case tattooing and photo documen-
tation should be considered to aid subsequent surveillance 
or resection [5, 48, 68]. Colonic mucosa adjacent to the 
raised lesion should also be biopsied to evaluate for dys-
plasia and if complete resection is achieved with dysplasia 
free margins and no invisible dysplasia elsewhere in the 

colon, surveillance colonoscopy is recommended rather 
than colectomy [48, 68]. ECCO recommends surveillance 
with chromoendoscopy at 3 months and then at least annu-
ally whereas US Multi-Society guidelines suggest a 3–6 
month check for larger sessile lesions removed in piece-
meal fashion or via EMR or ESD with longer surveillance 
intervals if the initial repeat colonoscopy result is negative 
[94, 95]. Long-term follow-up studies of endoscopically 
resectable polypoid lesions are reassuring demonstrating 
a low risk of developing dysplasia or carcinoma over fol-
low-up [96–100]. A recent meta-analysis also demon-
strates a low risk of IBD-CRN following resection of 
polypoid dysplasia [101]. Indeed patients diagnosed with 
dysplasia themselves are more likely to refuse or delay col-
ectomy and prefer surveillance colonoscopy [68]. A recent 
study showed that patients would agree to immediate col-
ectomy only when the risk of synchronous CRC rose to 
above 73 % [72].

Management of non-polypoid dysplastic lesions is more 
challenging. Two studies have demonstrated high cure rates 
after complete resection of circumscribed lateral spreading 
lesions and lesions with high-grade dysplasia (HGD) [102, 
103]. The SCENIC consensus supports surveillance colonos-
copy after complete removal of endoscopically resectable 
non-polypoid dysplastic lesions [68]. This recommendation 
is conditional recognizing the higher CRC risk and greater 
endoscopic difficulty with resectability conferred by non- 
polypoid lesions. Other recent guidelines recommend colec-
tomy for non-polypoid dysplastic lesions because they 
considered such lesions generally not amenable to endoscopic 
resection [2, 8, 9].

Fig. 60.1 Pseudopolyp

Fig. 60.2 Polypoid dysplasia

Fig. 60.3 Non-polypoid dysplasia
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The management of endoscopically invisible dysplasia 
detected by random biopsies alone has evolved consider-
ably. Invisible dysplasia was defined in the SCENIC paper 
as dysplasia identified on random (nontargeted) biopsies 
of colon mucosa without a visible lesion. Data from St 
Mark’s Hospital indicates that 20 % of patients with flat 
LGD detected by random biopsies had CRC at the time of 
immediate colectomy [28]. Ullman et al. found synchro-
nous advanced lesions including flat HGD or CRC in 23 % 
of patients undergoing colectomy for flat LGD detected 
on random biopsies [24]. A systematic review of 20 stud-
ies and 477 patients with invisible low-grade dysplasia 
found that 22 % of patients with invisible low-grade dys-
plasia who had colectomy had CRC [104]. Other studies 
however have challenged this rate of progression [105–
107]. One study showed a 3 % initial and 10 % subsequent 
rate of progression from LGD to CRC in a 10-year period. 
Recognition that most dysplasia is visible and evolution 
in endoscopic technology suggest that random biopsies 
showing invisible dysplasia in previous studies may have 
been taken from previously unrecognizable lesions that 
can now be visualized with modern endoscopic techniques 
[68]. More recent studies of chromoendoscopy or high-
definition white light colonoscopy have reported a 10 % 
incidence of invisible dysplasia [68]. The AGA recom-
mends colectomy for multifocal flat LGD [2]. The BSG 
also considers colectomy the best option for LGD but sug-
gests chromoendoscopy if there is uncertainty with the 
diagnosis and regular surveillance for patients who 
decline colectomy [6]. The SCENIC consensus supports 
confirmation of dysplasia by a second GI pathologist and 
referral to an endoscopist with expertise in IBD surveil-
lance and chromoendoscopy and with high-definition to 
better inform subsequent decisions regarding surveillance 
versus colectomy [68]. If a visible dysplastic lesion is 
identified in the same region of the colon as the invisible 
dysplasia and the lesion can be resected endoscopically, 
such patients may remain in a surveillance program. If 
dysplasia is not found, individualized discussions involv-
ing the risks and benefits of surveillance versus colectomy 
are suggested [68].

Colectomy is the treatment of choice when flat HGD is 
confirmed by a second GI pathologist or incompletely 
resected raised dysplasia is discovered. In a review from 
1992 of ten prospective surveillance trials including 1225 
patients, the prevalence of synchronous CRC in patients 
with flat HGD was 42 % [15]. In the St Mark’s study of 
600 patients in a surveillance program over 30 years, 
45.5 % of patients with flat HGD detected on random biop-
sies who underwent immediate colectomy had evidence of 
CRC in the colectomy specimen. Of those who deferred 
colectomy and continued surveillance, 25 % later devel-

oped CRC [28]. Given the high rate of synchronous carci-
nomas, colectomy is indicated when flat HGD is found [2]. 
An endoscopically unresectable lesion or a lesion with 
dysplasia in the adjacent mucosa is an indication for colec-
tomy [5, 48, 68, 80].

In the presence of chronic active inflammation it is 
difficult to distinguish regeneration and repair from dys-
plasia frequently resulting in a pathological finding that 
is indefinite for dysplasia. Less is known about its sig-
nificance in assessing CRC risk. In a study of 56 patients 
with biopsies indefinite for dysplasia, a 9 % 5-year pro-
gression rate to HGD or CRC was observed [24]. 
Aggressive treatment of the underlying inflammation fol-
lowed by endoscopic reevaluation preferably with chro-
moendoscopy is recommended [5, 33]. Since the risk of 
progression to CRC is higher compared to no dysplasia, a 
follow-up surveillance examination should take place 
within 3–6 months [2]. See Table 60.4 for a summary of 
societal guidelines for the management of dysplasia 
detected at endoscopic surveillance. The updated 2015 
algorithm suggested by the American Society for 
Gastrointestinal Endoscopy for endoscopically visible 
lesions is shown in Table 60.5.

 Chemoprevention

Several chemopreventive agents have been studied for 
their potential role in the primary prevention of CRC in 
IBD but none provide resounding proof of a significant 
effect. These include mesalamine-based agents (5-ASA’s), 
corticosteroids, thiopurine analogues, folic acid, and urso-
deoxycholic acid (UDCA). Several lines of evidence 
including a systematic review suggest a protective effect 
from 5-ASA’s but the results are limited by marked hetero-
geneity in the studies [108]. Although a chemoprotective 
effect independent of histological inflammation has not 
been shown, their utility in maintaining remission warrants 
continued use [42, 59]. Thiopurine analogues exert chemo-
preventive activity by reducing inflammation and will 
often be indicated for disease control [109]. Its use was 
recently shown to be associated with a 3.5-fold reduction 
of advanced neoplasia (CRC or high-grade dysplasia) in a 
cohort of 2841 patients with long-standing extensive UC 
[110]. Folic acid supplementation has shown a trend 
towards protection against CRC [111, 112]. The adjusted 
RR of neoplasia for patients taking folate was 0.72 (95 % 
CI 0.28–1.83). The risk of neoplasia varied with folate 
dose (RR, 0.54 for 1.0 mg folate; RR, 0.76 for 0.4 mg 
folate in a multivitamin, compared with no folate). The 
degree of dysplasia also varied with folate use (RR for 
cancer, 0.45; RR for high-grade dysplasia, 0.52; RR for 
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low- grade dysplasia, 0.75, compared with patients without 
dysplasia) (p = 0.08). The role of folic acid has not yet been 
tested in large randomized controlled trials.

Overall, while there is no clear data to support routine the 
use of folic acid, there appears to be a trend towards benefit 
and it may be considered in selected patients at the clinician's 
discretion [113].

The use of UDCA in UC patients with PSC was associ-
ated with a decreased risk of colonic dysplasia (odds ratio 
of 0.18, 95 % CI 0.05–0.61) [114]. The effect of UDCA 
was noted after controlling for sex, age at onset of UC, 
duration of UC, duration of PSC, Child-Pugh class, and 
use of other medications. Another randomized clinical 
trial of high-dose UDCA demonstrated a 74 % reduction 
in dysplasia or CRC [115]. In a recent nested cohort study 
using data from a double- blind, placebo-controlled trial of 

high-dose UDCA (28–30 mg/kg/day), patients who 
received high doses of UDCA had a significantly increased 
risk of developing colorectal neoplasia (dysplasia or 
 cancer) compared to placebo (hazard ratio 4.4, 95 % CI 
1.3–20.1) [116].

The American Association for the Study of Liver 
 diseases guideline recommends against use of UDCA for 
chemoprevention in patients with primary sclerosing 
cholangitis [117].

 Conclusion

Colorectal cancer remains a dreaded complication of long- 
standing and extensive UC and colonic Crohn’s disease. All 
patients with IBD should undergo an initial surveillance 

Table 60.4 Society guidelines for detected dysplasia

Visible dysplastic lesion, 
endoscopically resectable 
with negative biopsies 
from adjacent mucosa

Visible dysplastic lesion, 
endoscopically 
unresectable, or biopsies 
from adjacent mucosa 
with dysplasia

Invisible high-grade dypslasia 
detected by random biopsies

Invisible low-grade dysplasia 
detected by random biopsies

ECCO,8 2013 Surveillance at 3 
months and then yearly, 
regardless of degree of 
dysplasia

Colectomy Confirm by expert GI 
pathologist
Rule out visible lesion with 
repeat chromoendoscopy 
surveillance
Colectomy if confirmed

Confirm by expert GI pathologist
Rule out visible lesion with 
chromoendoscopy surveillance
Consider colectomy vs. intensified 
surveillance with random biopsies

CCA,9 2011 Surveillance Colectomy Confirm by expert GI 
pathologist
Colectomy

Confirm by expect GI pathologist
Multifocal: colectomy vs. intensified 
surveillance at 3–6 months with 
chromoendoscopy, then annually
Unifocal: consider surgery vs. 
surveillance at 6 months then 
annually

BSG,1 2010 Surveillance Colectomy Not specifically mentioned Confirm by expect GI pathologist
Consider colectomy vs. intensified 
surveillance

ACG,4 2010 Surveillance Colectomy Confirm by expert GI 
pathologist
Colectomy

Confirm by expert GI pathologist
Colectomy vs. intensified surveillance

AGA,2 2010 Adenoma-like DALM: 
surveillance (6 months)

Non-adenoma-like 
DALM: colectomy

Confirm by expert GI 
pathologist
Colectomy

Confirm by expert GI pathologist
Colectomy vs. intensified surveillance

ASGE,5 2006 Surveillance DALM: colectomy Confirm by expert GI 
pathologist
Colectomy

Confirm by expert GI pathologist
Mutlifocal: colectomy
Unifocal: consider colectomy vs. 
surveillance at 6 months then 
annually

CCFA,3 2005 Confirm by expert GI pathologist
Multifocal or repetitive: colectomy
Unifocal: colectomy: if patient opts 
for surveillance, then <6-month 
intervals recommended

Abbreviations: ACG American College of Gastroenterology, AGA American Gastroenterological Society, ASGE American Society for 
Gastrointestinal for Gastrointestinal Endoscopy, BSG British Society for Gastroenterology, CCA Cancer Council of Australia, CCFA Crohn’s and 
Colitis Foundation of America, DALM dysplasis-associated lesion or mass, ECCO European Crohn’s and Colitis Organization, GI 
gastrointestinal
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Table 60.5 ASGE algorithm
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colonoscopy 8–10 years after disease onset to assess the 
extent of colonic involvement. Most dysplasia is visible at 
colonoscopy and although random pan colonic biopsies are 
still recommended by some, newer guidelines endorse high- 
definition white light colonoscopy and chromoendoscopy as 
preferred techniques for dysplasia surveillance where appro-
priate expertise exists. The finding of dysplasia at surveil-
lance warrants an opinion from a second GI pathologist for 
confirmation. Flat high-grade dysplasia and multifocal flat 
low-grade dysplasia require evaluation by chromoendoscopy 
and if no lesion is identified remain indications for colec-
tomy. After complete excision of resectable polypoid or non- 
polypoid dysplastic lesions surveillance colonoscopy 
preferably with chromoendoscopy is suggested rather than 
colectomy. Endoscopically invisible low-grade dysplasia 
should be confirmed by an endoscopist with expertise in 
chromoendoscopy and if confirmed options include colec-
tomy or in some instances close surveillance after carefully 
discussing options with patients. Not all dysplasia progresses 
to CRC and the clinical implications of dysplasia detected at 
chromoendoscopy will be unraveled through further pro-
spective and well-designed studies. Meanwhile, evolving 
definitions of disease control treating to target aiming to 
achieve mucosal and even histological healing may reduce 
the risk of dysplasia in IBD through reduction in inflamma-
tion, a known risk factor for dysplasia. There is some evi-
dence that mesalazine and thiopurine may reduce the 
incidence of CRC. Recent evidence suggests that UDCA in 
higher doses may increase risk and is no longer recom-
mended. Future strategies involving manipulation of the 
microbiome through probiotics, and antibiotics and other 
anti-inflammatory agents may alter inflammatory processes 
and avoid the barrier dysfunction, which promotes dysbiosis 
and carcinogenesis.
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Inflammatory Bowel Diseases:  
How to Identify High-Risk Patients

Jacques Cosnes and Harry Sokol

Crohn’s disease (CD) and ulcerative colitis (UC) are chronic 
conditions with progressive anatomical damage, frequent 
complications, and possible requirement of surgical proce-
dures. Both involve young people and have a great impact on 
patient's quality of life. Medical management of IBD was 
revolutionized in the late nineties by the advent of increas-
ingly effective medical therapies: immunosuppressants and 
biologics.

These therapies when given early in the course of the dis-
ease may prevent the development of an irreversible diges-
tive damage unresponsive to medical therapy and requiring 
surgery [1, 2]. However, first the effect of these therapies is 
not sustained, and they should be used for a very long time, 
perhaps indefinitely, and second their use is associated with 
significant side effects, with increased risk of serious infec-
tions and/or cancers.

It is thus mandatory to identify patients most at risk of 
developing a disabling or complicated course who could be 
targeted for aggressive therapy. This should be discussed at 
different times during the disease course, in particular at pre-
sentation and after first surgery.

 Predictive Factors

Numerous studies have tried to recognize demographic, 
clinical, and anatomical characteristics associated with a 
worse prognosis of IBD. Some characteristics do not seem to 
play a significant or important role and will not be examined 
in this review. It is the case of gender, ethnicity, state of resi-
dency, educational level, and body weight. Other character-
istics may be used to identify subgroups of IBD patients who 
differ in their natural history and complications.

 Age

IBD may develop at any age, from less than 2 years to more 
than 90 years. In CD, it is well established that the disease 
course is more severe in children than in adults. Comparative 
studies are few, but they demonstrate that, compared to adult- 
onset CD, childhood-onset CD patients experience a more 
severe disease regarding both disease activity and medical 
therapy requirements [3]. This increased severity exists inde-
pendently of the disease location, whereas the disease tends 
to be more extensive and jejunal lesions more prevalent in 
children [4]. These data together suggest that childhood- onset 
CD shares a particular severe phenotype. Moreover, due to 
the differences of age, complications and surgery occur at an 
age 15–20 years earlier than in adult-onset CD, and thus, 
these patients are exposed early in their life to major sequelae. 
These findings support an aggressive therapeutic approach in 
most of children diagnosed with CD [5]. Similarly, UC is 
often severe in children with widespread localization at diag-
nosis, frequent occurrence of flares unresponsive to medical 
treatment, a high rate of disease extension and an increased 
need for surgery [6, 7]. In the EPIMAD study, 20 % of chil-
dren had their colon removed after 5 years [7].

In adults with CD, we found that age under 40 was associ-
ated with a more frequent disabling course during the 5-year 
period following diagnosis [8]. This negative effect of young 
age was not confirmed in another similar study from Belgium 
[9]. Moreover, clinical course is usually mild in elderly-onset 
IBD patients [10]. The risk of surgery for nonneoplastic 
bowel disease decreases with increasing age at diagnosis 
[11]. In population-based studies from Norway [12] and 
Maastricht [13], young age was associated with an increased 
risk for surgery. After surgery, the risk of postoperative 
recurrence does not seem dependent on age at first resection 
[14] but increased in young patients at disease onset [15]. 
On the other hand, according to European multinational pop-
ulation based study, CD patients above 40 years at diagnosis 
have an increased mortality risk compared to a background 
population of same age [16]. In other terms, although as a 
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whole CD may be less active in older people, the risk of 
death from CD is particularly elevated in this age group.

The effect of age on disease severity in UC is less clear. In a 
population-based study from Maastricht, it was found that in 
UC, older age at diagnosis initially increased recurrence risk but 
was subsequently protective [13]. The risk of surgery for non-
neoplastic bowel disease is unrelated to age at diagnosis [11]. 
Finally, after proctocolectomy and IPAA, the risk of developing 
subsequent CD is increased in younger patients [17].

Another important point to consider is the fact that side 
effects of immunosuppressants and biologics are increased 
in patients older than 65 [18], particularly regarding the risk 
of lymphoma [19]. This should be kept in mind when dis-
cussing such therapies in these patients.

 Severity of the First Flare

In CD, the need for steroids to treat the first flare was found to 
be an important predictor of disabling disease during the five 
following years in two independent studies including patients in 
the last nineties [8, 9]. Need for steroids should be regarded as a 
marker of a severe clinical presentation. In the IBSEN study 
from Norway, it was found that, in patients with ileal CD, a high 
C-reactive protein value was associated with an increased risk 
of surgery during the next 5 years [20]. A similar observation 
was made in children [21]. In UC, the severity of the first attack 
is not per se an indicator of a poor prognosis. In the Copenhagen 
study, patients with a severe presentation who required intensive 
intravenous therapy but avoided colectomy tended to have a 
more benign course during the following years [22]. However, 
high CRP at diagnosis is associated with colectomy [23].

 Disease Location

Development of complications in CD is highly related to dis-
ease location. Ileal involvement may be complicated at diag-
nosis or during the very first years by an abscess/fistula or by 
a stricture followed by a fistula formation [8, 23], whereas a 
colonic disease may remain « uncomplicated », inflamma-
tory, for many years [24]. Upper gastrointestinal disease at 
diagnosis is associated with an excess risk of flares during the 
first 10 years of the disease [25] and jejunal disease is more 
prone to strictures formation. The disease tends also to be 
more severe when the lesions are extensive, when compared 
to involvement of a short segment of small bowel or colon. 
This is the case in patients with diffuse jejunoileitis, or exten-
sive ileocolitis, or pancolitis. The role of disease extent—in 
other terms, the length of the resection—for predicting early 
postoperative recurrence is more debated [26–28].

Perianal location is another important predictor in CD [29]. 
At presentation, about 30 % of patients share perianal lesions 

and 20 % have or have had a fistula [30]. Perianal location is 
associated with a disabling course [8, 9] and is recognized by 

most authors as having a negative impact on prognosis both 
through occurrence of local complications and its association 
with a more severe luminal course [31–33]. Its role in postop-
erative recurrence is less clear [26, 33]. Perianal lesions may 
worsen and require a permanent stoma, notably when there is 
an associated rectal disease [34]. More than 10 % of CD 
patients eventually require permanent fecal diversion [35].

In UC, the initial extent of the lesions is not associated 
with an increased risk of flares but with a higher clinical 
severity [13, 36–38]. Moreover in both colonic CD and UC, 
the risk of colorectal cancer increases in proportion of the 
extent of the inflammatory process within the mucosa and is 
maximum in pancolitis. The risk of pouchitis after procto-
colectomy and ileal pouch anal anastomosis (IPAA) is also 
increased in case of pancolitis [39, 40].

 Disease Behavior

It is not surprising that CD patients presenting at diagnosis with 
a stricture or a fistula are more at risk to come to surgery. 
Actually those patients are diagnosed too late, while the ana-
tomical damage has become irreversible [41], complications 
respond poorly to medical therapy, and surgery cannot be 
avoided in most cases. In the Copenhagen cohort, the 20-year 
cumulative risk of intestinal resection was 82 % [42]. Other 
series from 1970 to 2000 showed rather similar rates [32, 43], 
and in the most recent population-based study the 7-years 
cumulative risk was still 28.5 % [44]. In the IBSEN study stric-
turing and penetrating behavior at diagnosis were independent 
risk factors for subsequent surgery [12], and most other studies 
made similar conclusions [9, 13, 45, 46]. More importantly, 
patients operated on for a penetrating complication (abscess, 
fistula, or peritonitis) have an increased risk to develop a surgi-
cal recurrence from a similar penetrating complication. 
Conversely, patients with a stricture tend to recur again in a 
stricturing mode [47]. Greenstein et al. suggested that the post-
operative recurrence develops earlier in the former than in the 
latter [47], and some studies also found an increased risk of 
postoperative recurrence in patients operated on for a penetrating 
complication [14, 48, 49]. However, some other studies did not 
find such a difference [26, 50, 51]. Thus, it is not clear that 
perforating disease is a risk factor for recurrence.

 Extraintestinal Manifestations

There is no indication that IBD patients presenting with joint, 
skin, or eye involvement have a more severe luminal disease 
than those without extraintestinal manifestations [52, 53]. In 
patients with extraintestinal manifestations, one study found 
an increased risk of surgical recurrence after first surgery in 
CD [14] in CD and another an increased risk of colectomy in 

UC [54]. In UC patients, an increased risk of pouchitis after 
IPAA in such patients is well documented [55–59].
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Primary sclerosing cholangitis (PSC) prevalence in IBD 
is about 5 % in UC and 2 % in CD. IBD associated with PSC 
is more frequently a pancolitis, often with backwash ileitis 
and rectal sparing [60]. The intestinal disease activity is usu-
ally low. However, there is a higher risk of colorectal neopla-
sia and cancer than in IBD without PSC [60]. This higher 
risk is unrelated to disease location or extent [61]. Moreover, 
after IPAA, pouchitis is more frequent. Finally prognosis is 
embedded by the risk of evolution of the hepatobiliary dis-
ease which may require orthotopic liver transplantation. The 
risk of cholangiocarcinoma (and/or gallbladder carcinoma) 
is about 1 % every year.

 Endoscopy and Histopathological Factors

In both acute CD [62] and UC [63], the presence of deep 
ulcerations at colonoscopy is associated with a worse prog-
nosis and an increased risk of colectomy. In inactive UC, 
persistence of ulcers [64] and in the subset of patients with 
mucosal healing, basal plasmocytosis [65, 66], are associ-
ated with an increased risk of clinical relapse.

 Environmental Factors

In CD, current smoking increases by more than 50 % the risk 
of flare-up as compared to never-smokers [45, 67], and is 
associated with more frequent intestinal penetrating compli-
cations. The risk of being operated on at least once during 
disease course is increased in smokers vs. nonsmokers in 
most studies [13, 43, 68].

After surgery, the cumulative rates of clinical and surgical 
recurrence, respectively, were found consistently more ele-
vated in smokers than in nonsmokers, and actually smoking 
is the factor the most determinant for postoperative recur-
rence in CD [28, 69–71]. By contrast, in UC, smokers run a 
more benign disease course when compared to nonsmokers: 
flare-up and hospitalization rates are less frequent and colec-
tomy rate is lower [72–76]. After colectomy and IPAA, 
current smoking is associated with an increased risk of 
subsequent CD [77]. It has been claimed that current smokers 
have a lower incidence of pouchitis [78], but this observation 
was not confirmed in most recent series [55, 58, 79].

Prior appendectomy, although more frequent in CD com-
pared to a background population, has no clear effect on evolu-
tion of the disease [80]. In UC, appendectomy is associated 
with a less severe course and a lower colectomy rate [81, 82].

 Genetic Factors

The severity of CD is unaffected by family history [83], nor 
that of UC [72, 84].

Despite a growing number of identified susceptibility loci 
in both CD and UC [85], only very few have been associated 
with disease outcome. The presence of NOD2 polymorphism 
has been associated with a more aggressive clinical course of 
Crohn’s disease with higher risk of intestinal stenoses and 
earlier need for first surgery [86–88]. Genetic factors also 
play a major role in the response to therapies: MDR1 (multi-
drug resistance) predict response to steroids and cyclosporine 
[89], TNF (tumor necrosis factor) and MIF (migration inhibi-
tory factor) predict response to steroids [90–92], and apopto-
sis genes predict response to infliximab therapy [93]. 
However, genetic markers will probably never be able to fully 
predict IBD behavior and complications, notably because of 
the major role of environmental factors in the disease patho-
genesis. On the other hand, they can be easily associated with 
other types of factors, such as clinical or microbiological data 
to build more powerful composite predicting tools.

 Serologic Markers

Many studies have been performed to assess the predictive 
value of specific antibodies as perinuclear anti-neutrophil anti-
body (pANCA) associated with UC or UC-like CD, and anti-
Saccharomyces cerevisiae antibody (ASCA, glycan antibody) 
is mostly associated with CD [94, 95]. Reactivity to ASCA, 
OmpC anti-I2, and CBir1 have been associated with early dis-
ease onset CD, fibrostenosing and penetrating disease, and need 
for early small bowel surgery [96–100]. In pediatric CD patients, 
baseline ASCA reactivity has been associated with earlier com-
plications, relapsing disease, and need for an additional surgery 
[101]. The frequency of disease complications increases with 
reactivity to increasing numbers of antigens (ASCA, anti-I2, 
anti-OmpC, and anti- CBir1) [102]. pANCA has been shown to 
be associated with less severe disease, UC-like disease and neg-
atively associated with small bowel complication [97, 103]. 
Autoantibodies against granulocyte-macrophage colony-stimu-
lating factor have also been associated with complications of 
CD [104]. On the other hand, the risk of chronic pouchitis is 
increased in UC patients with high pre-colectomy levels of 
pANCA [105]. Conversely, ASCA positivity has been associ-
ated with CD of the pouch after IPAA [106].

 High-Risk Patients

From this review of the possible different predictors of the 
disease course, some emerged as more important: age at dis-
ease onset, severity of the first flare and perianal location in 
CD; young age and disease extent in UC [107]. Smoking is an 
important factor in CD but it may be corrected, and quitters 
have a course which becomes similar to that of never- smokers 
[70, 108]. The role of disease location and behavior is impor-

tant; however, it is partly redundant and concerns mainly the 
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need for surgery. Genetic and serologic markers are promis-
ing and interesting at the epidemiological level, but to date, 
only ASCA is accurate enough to predict disease course, in 
association with clinical data [109]. Now early intestinal sur-
gery may be associated with a non severe disease, for exam-
ple a short stricturing ileitis, which many physicians would 
refer to the surgeon. Therefore the increased risk for surgery 
should not be considered per se as a marker of a more severe 
disease. Finally it is important to note that we are not able to 
predict the disease course in the long term, and that prediction 
should be considered only as indicative. One patient with a 
very quiescent disease for years may suddenly develop a 
severe acute flare or complication leading to surgery.

The most relevant predictors are indicated in Tables 61.1–
61.5: at presentation, regarding the risk of a 5-year disabling 
course in CD (Table 61.1), the risk of early intestinal resection 
in CD (Table 61.2), and the risk of colectomy in UC (Table 61.3). 
In addition, factors associated with an increased risk of postop-
erative recurrence in CD and of late complications after IPAA 
for UC are given in Tables 61.4 and 61.5, respectively. The 
relative importance of each factor is indicated, based on the 

data of the literature and our clinical experience.

 Conclusion

In patients most at risk to have a disabling disease or to 
require surgery, active treatment with immunosuppressants or 
biologics should be discussed in balance with the goal of 
therapy, which may be different in a young adult searching 
for work and a retired individual. For example, ileocecal 
resection may be the preferred option in a young nonsmoker 

patient with a limited stricturing disease, because if unoper-

Table 61.1 Factors collected at presentation associated with a more 
severe course in CD

Relative importance References

Age < 17 years +++ [3, 110]

Perianal disease ++ [8, 9]

Need for steroids ++ [8, 9, 111]

Ileocolonic location + [9, 112]

Age < 40 years + [8]

Current smoking + [45, 67]

High CRP + [113]

Stricture + [9]

Disease extent + [114]

Table 61.2 Factors collected at surgery associated with late complica-
tions following IPAA

Relative 
importance References

Chronic pouchitis

Pancolitis ++ [39, 40]

Associated PSC ++ [115, 116]

Younger age + [17]

Extraintestinal manifestations + [55] [57, 117] [58, 59]

High pANCA + [58, 105]

Nonsmoking + [78] [58]

− [79]

Crohn’s disease

Current smoking ++ [77]

Family history of Crohn’s ++ [106, 118]

Younger age + [17]

ASCA + [106, 119]

CBir antibodies + [119]

Table 61.3 Factors collected at presentation associated with earlier 
surgery in CD

Relative importance References

Fistula or abscess +++ [12]

Stricture ++ [12]

Jejunal location ++ [120, 121]

Ileal location ++ [43]

Younger age ++ [11–13]

Current smoking + [13, 43]

High C-reactive protein + [20]

ASCA + [98, 99, 122]

NOD2 polymorphism + [86, 87]

Table 61.4 Factors collected at presentation associated with a higher 
risk of colectomy in UC

Relative 
importance References

Very young age ++ [6, 7]

Extensive disease ++ [13, 36–38, 123]

No response to steroids ++ [124]

Increased C-reactive protein or ESR ++ [23, 125]

Severe endoscopic lesions ++ [63, 126]

Hospitalization soon after diagnosis + [127]

Low hemoglobin + [128]

Increased fecal calprotectin + [129]

Non smoking + [76, 123]

No appendectomy + [81, 130]

ESR erythrocyte sedimentation rate

Table 61.5 Factors collected at surgery and pathology associated with 
a higher risk of postoperative recurrence in CD

Relative importance References

Current smoking +++ [28, 49, 131–134]

Short disease duration + [69]

Prior surgery + [135]

Disease extent + [26, 28, 136]

Jejunal disease + [120]

Colonic disease + [137]

Plexitis + [138, 139]

NOD2 polymorphism + [87]

Fistula, abscess or 
peritonitis

+ [48, 49, 132, 140]

− [50, 51, 141]

Associated perianal 
disease

+ [26, 33, 142]

− [143]
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ated on he will have a disabling course whereas surgery will 
probably give him several years of remission. On the other 
hand, in one CD patient with a severe clinical presentation, an 
ileocolonic location, a perianal disease, and current smoking, 
early surgery must be avoided and to achieve this, immuno-
suppressants and biologics should be started within the few 
weeks following diagnosis. In patients operated on but at high 
risk of postoperative recurrence, particularly in those with prior 
extensive or multiple resection, postoperative anti- TNF should 
be considered [144]. Moreover, during the disease course, 
high-risk patients should be checked regularly for the presence 
of intestinal ulcerations and thickening, using noninvasive 
techniques (CRP, ferritin, fecal calprotectin, video capsule, and 
MRI) and treated as early as possible with the goal to heal 
lesions before the disease expresses clinically.
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Approximately 1.6 million Americans have Crohn’s disease 
and ulcerative colitis and as many as 70,000 new cases of 
inflammatory bowel disease (IBD) are diagnosed in the USA 
each year [1]. Although most people are diagnosed after the 
age of 15, studies estimate that approximately 5 % of all IBD 
patients in the USA are under the age of 20 [2]. All are seek-
ing answers to a variety of questions about their disease.

For the newly diagnosed patient, life has just taken a 
much unexpected turn. The initial reaction can be shock, 
fear, disbelief, or even relief to finally be able to put a name 
to why they or their loved one has been so sick. The realiza-
tion that they will have to deal with a disease that may be 
managed but never cured is very difficult for most patients 
and their families to accept. For many patients, the next step 
is to gather information about the immediate aspects of their 
illness. When first diagnosed, there are many initial general 
questions, which are then followed by more specific practi-
cal questions, as illustrated in the chart below.

Initial questions may include: Practical questions may include:

What is Crohn’s disease or 
ulcerative colitis?

Where is the nearest bathroom 
and will I have access to it?

Is it contagious? How do I tell my boss (or teacher 
or loved one) about my disease?

Is there a cure? What will they think about me 
after they know I have a 
“bathroom” problem?

Did I do something to make me 
get sick?

Will I be able to keep my job? 
Stay in school? How can I get 
accommodations?

Initial questions may include: Practical questions may include:

Was it something I ate (or didn’t 
eat)?

What can I eat that won’t make 
me feel worse?

What diet should I follow? How do I avoid embarrassing 
“accidents” that soil my clothes?

I’m under a lot of stress—did 
that cause me to get sick?

Why am I having problems with 
anger and depression?

What are the medicines used to 
treat this disease and which will 
I need? How long will I need to 
take the medicine? Are there 
side effects to the medicine?

Will my health insurance cover 
my medical costs? Can I get 
financial assistance to cover the 
costs of the copays of my 
medication?

Will I ever need surgery? Can I qualify for Social Security 
Disability?

Will I get cancer? I think I need another opinion. 
Who is the best doctor or 
hospital to treat IBD?

Why am I always tired? Does IBD affect a woman’s 
menstrual cycle?

Will I ever feel good again—in 
this lifetime?

Can I be sexually intimate with 
the symptoms of the disease? 
Can I be sexually intimate if I 
have an ostomy?

What research and advocacy is 
being done in IBD? Are we 
close to having a cure in my 
lifetime?

When should I tell someone I am 
dating that I have IBD?

Are there diagnostic/monitoring 
tests that I will need every time I 
see my gastroenterologist?

Can I get the necessary vaccines, 
such as the flu shot, if I have 
IBD?

How can I manage the 
symptoms of pain, diarrhea, and 
rectal pain?

Can I continue to smoke or have 
alcoholic beverages now that I 
have IBD?

Will I be able to have children? Are there any complementary or 
alternative therapies that I can 
try?

Will my children get this 
disease?

Where can I find support to cope 
with how I am feeling?

In 2003, CCFA conducted an Internet-based survey which 
was completed by more than 4000 members. The study 
revealed a number of interesting facts about persons newly 
diagnosed with IBD, including their experiences in being 
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diagnosed, anxieties about their diseases, attitudes about 
treatment, and other aspects of living with IBD. These inter-
esting facts have also been expressed in a 2012 study based 
on the Internet cohort of 7141 adults with IBD utilizing the 
Crohn’s & Colitis Foundation of America (CCFA) Partners 
program. The study found, compared to the general popula-
tion, IBD patients in this cohort reported more anxiety, 
depression, fatigue, and sleep disturbance and less social sat-
isfaction [3]. These concerns have remained constant over 
the past 8 years as shared by over 100,000 patients who have 
contacted CCFA’s Irwin M. and Suzanne R. Rosenthal IBD 
Resource Center (IBD Help Center) by phone, e-mail, or live 
chat. The IBD Help Center is a free service for all members 
of the IBD community. Each year, the IBD Help Center is 
equipped to answer questions in 170 different languages and 
responds to nearly 13,000 requests from patients, their fami-
lies, health care professionals, and the general public. A few 
of the common trends are discussed below.

The average patient is fairly knowledgeable about their 
disease because the unpredictability and severity of IBD 
drives them to educate themselves about their disease. This 
is particularly true of parents whose young child has just 
been diagnosed. However, they tend to not be as knowledge-
able about treatments or side effects.

Patients are very consistent in how they find educational 
materials. Physicians are the primary source of information. 
Secondary sources include CCFA’s website, Internet sites, 
and books. The Internet has no shortage of sites purporting to 
be about IBD but, unfortunately, only a modest percentage of 
sites offer peer-reviewed, scientifically valid information. 
The challenge is to direct patients and families from the time 
of diagnosis toward reputable websites or materials for their 
educational needs.

Quality of life is a major concern. Patients report that they 
tend to spend more time at home and reduce their social 
activities, particularly when their disease is active. Many 
patients are very much afraid of not having easy access to a 
bathroom. They may not eat anything for several hours 
before a social event and consume nothing during the event 
to minimize the chance of embarrassing flatulence or uncon-
trollable diarrhea. Many patients will not venture more than 
a few miles so that they can return home quickly if they feel 
sick or have soiled their clothes. When they do go out, they 
may carry an extra set of clothing, “just in case,” but are then 
embarrassed and worry that unwelcome questions will be 
asked if they go into the bathroom and reappear in different 
clothes.

Communication between physicians and patients is a key 
ingredient to patient satisfaction. Patients want to feel that 
they and their physician are partners and that treatment deci-
sions are being made collaboratively. It is also interesting to 
note that quite often the physician’s idea of a successful 
treatment is very different from the patient’s evaluation. For 

instance, the physician may feel that the treatment that 
reduced the number of bowel movements from 15–20 per 
day to 5–7 per day is not a total success, but the patient may 
think that having only 5–7 bowel movements per day is a 
huge improvement that allows them to have a fuller life. 
Open communication—with both physician and patient 
asking the right questions—will help create a successful 
physician–patient relationship. Accordingly, one of the goals 
of the IBD Help Center is to equip both patients and caregiv-
ers with the most appropriate questions for the physician to 
help them make informed decisions about their medical care. 
In a 2013 IBD Help Center survey, close to 75 % of respond-
ers noted that the Center’s information empowered them to 
feel more comfortable discussing their disease and treatment 
options with their gastroenterologist.

IBD patients tend to be up-to-date on what new drugs are 
in the pharmaceutical pipelines; in fact, it is not unusual for 
patients to know that a new drug has been released before 
their physician knows. They want to know about potential 
side effects, clinical trial data, and the costs of the drug. 
Those who need surgery want to know details about the pro-
cedure, how long it will take to recover, if they will need 
surgery again in the future, and what will be their functional 
status after the surgery. Here again, physicians need to be 
aware that the patient viewpoint may be very different from 
their own, and should take patient concerns into account and 
involve them in creating the treatment plan.

One of the most frequently asked questions relates to diet 
and nutrition. Every IBD patient has a list of foods that they 
do not tolerate well, especially when in an IBD flare. Patients 
often believe their disease is caused by and can be cured by 
diet. They will investigate, and likely try, any fad diet, usu-
ally without consulting their physician. Nutrition is a com-
mon discussion among the pediatric IBD community to help 
encourage proper growth but, unfortunately, adult patients 
report that diet and nutrition are not discussed as frequently 
with physicians. Again, a strong physician–patient partner-
ship, along with the possible help of a dietitian or nutrition-
ist, can ensure the best possible nutritional outcomes.

Having IBD can be emotionally burdensome, and IBD 
patients may experience a wide range of emotions. Anxiety 
and depression may be an IBD patient’s daily companions, 
but symptoms are often downplayed to not only loved ones 
but also to their doctor. Family, friends, the patient’s physi-
cian, a trained IBD nurse, and a mental health counselor can 
be very helpful, as can patient support groups and commu-
nity Internet forums like those offered by CCFA.

Research confirms that Crohn’s disease and ulcerative 
colitis are extremely expensive diseases. Direct medical 
costs include expenses for hospitalizations, physician ser-
vices, prescription drugs, over-the-counter drugs, skilled 
nursing care, diagnostic procedures, and other health care 
services. Indirect costs are the value of lost earnings, produc-
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tivity, and leisure time. Extrapolating from study data, total 
annual direct costs for all patients with IBD in the USA are 
estimated to be between $11 billion and $28 billion [1]. Total 
indirect costs are estimated to be $3.6 billion [4]. Based on a 
national health survey in 1999, nearly 32 % of symptomatic 
IBD patients reported being out of the work force in a 1-year 
period [4]. Patients and their families worry about how to 
pay all of their medical costs even when they have jobs, and 
worry about losing those jobs because they have to miss sig-
nificant amounts of time when in a full flare. Even if they 
have adequate insurance, co-pays can be very burdensome 
and getting Social Security Disability benefits can be very 
difficult. It is estimated that the annual financial burden (add-
ing direct and indirect costs) of IBD in the USA may be 
between $14.6 billion and $31.6 billion [1].

All of these are serious concerns, but there are tools avail-
able to help both physician and patient. A wealth of materials 
for patients, caregivers, and health care professionals can be 
found on CCFA’s website at www.ccfa.org. These materials 
include brochures, fact sheets, webcasts, IBD phone apps, 
newsletters, and links to online community forums and sup-
port groups. Physicians will also find a series of template 
letters they can use to advocate for their patients to insurance 
companies, Social Security Administration, and others. 
These templates may be found at http://www.ccfa.org/
s c i ence -  and -p ro fe s s iona l s /p rog rams-ma te r i a l s /
appeal-letters.

Patients may also speak to an IBD Help Center specialist by 
calling 888.MY.GUT.PAIN (888-694-8872). All information 
and printed materials are free of charge.
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 The Resourceful Patient

It is now recognized that patients need, and have a right, to 
knowledge about their condition and its treatment; how-
ever, this was not always the case. In the twenty-first cen-
tury, the balance of power has shifted significantly from 
the traditional “paternalistic” role of the doctor, to a more 
egalitarian approach. In particular, the rise of “shared deci-
sion-making”1 has, in some fortunate cases, transformed 
the patient experience of health care; from the patient vis-
iting an authoritative health care professional who simply 
issued directions which were received with faith alone, to 
a situation where “treatment decisions (are) made through 
dialogue and discussion of evidence-based treatment 
options, and the values and expectations of the patient” 
[1]. This revolution depends on the provision of high-qual-
ity, reliable resources for people with IBD. In a survey of 
1067 patients with inflammatory bowel disease (617 
Crohn’s disease, 450 ulcerative colitis), 81 % of the respon-
dents reported it to be “very important” that they could be 
actively involved in the decision-making process, and 
another 17 % reported it to be “quite important” [2], and a 
large panel of international IBD experts recommends that 
in best practice support in an IBD unit, there should be 

1 Shared decision-making: where patients are supported to deliberate 
about the possible attributes and consequences of options, to arrive at 
informed preferences [16].
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shared decision-making involving the gastroenterologist 
(and multidisciplinary team if necessary) and the patient 
[3]. Governments across Europe have enshrined the prin-
ciple of patient choice and shared decision-making in 
national policy and even law. However, despite this com-
mitment to approaches that have high-quality information 
provision as prerequisites, lack of information is still con-
sidered to be a grand challenge, and an urgent need for 
people with IBD, particularly those who have been recently 
diagnosed. The empowering principles of shared decision-
making and patient choice are sound, but people with IBD 
are not yet being provided with the resources needed to 
achieve these goals.

 Patient Attitudes to IBD and Knowledge

As knowledge in a person with IBD increases, fear of the 
unknown, and the anxiety brought about by lack of control 
decreases; choice, and more importantly, hope, increase; this 
brings about true empowerment. People with IBD are engaged 
in a life-long fight to overcome daily symptoms of this chronic 
disease, which can be disabling, embarrassing, and humiliat-
ing [4]. Despite this, people with IBD are often resilient in the 
face of their illness, they dislike being defined through it, and 
they are keen to take control over their illness through acquir-
ing knowledge. EFCCA (European Federation of Crohn’s and 
Ulcerative Colitis Associations) believes that people with IBD 
have a right to clear, unbiased, and high- quality knowledge 
about their condition, its management, and lifestyle factors, 
and that IBD patients should be assisted in accessing a range 
of resources applicable to us by health care professionals.

The impact of IBD on quality of life ranges well beyond a 
narrow medical definition of the disease. There is a spectrum 
of complications, comorbidities, and related extraintestinal 
diseases. This may be why there are differing attitudes and 
approaches in how people with IBD perceive and tackle their 
illness. Desire for information about IBD is dependent on 
these attitudes:
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• Denial. Unfortunately, a long diagnostic process, or mis-
diagnosis, is common in IBD. Some patients are diag-
nosed after a distressing emergency admission, or an 
acute flare-up. This may lead to intense anxiety and fear. 
This patient may not be interested in learning about their 
condition, and may seek to avoid information for a 
 considerable time. This patient may not opt for shared 
decision- making processes.

• Acceptance—the search for answers. Patients who are 
more gradually exposed to the possibility of diagnosis 
with IBD, allowing them to come to terms with their situ-
ation, often have very specific questions and learning 
needs related to their condition, its management, or every-
day life. This patient may approach the wealth of infor-
mation available on a “question and answer” basis—ranging 
through multiple resources, seeking a specific answer to 
satisfy a particular need. Shared decision-making is 
important to this patient, but based around clinical issues 
of particular value to them.

• Expert patients. Many patients, after satisfying imme-
diate information needs, may find the learning process 
grants control and empowerment. This patient is inter-
ested in wider background learning, and discovering 
new knowledge. A patient immersed in high-quality 
clinical knowledge may converse fluently with health 
care professionals, and may desire full shared 
decision-making.

• Gray [1] discusses the phenomenon known as “le maladie 
de petit papier.” Patients attending a consultation with a 
written list of questions. Rather than scorned, this tech-
nique is now encouraged as a consulting aid, and has 
sometimes become “le maladie de grand print-out.”

 Patient Empowerment

Empowerment can be defined as a process, where a person who 
lacks power sets a personally meaningful goal to increase power, 
takes action towards this goal, and observes and reflects on 
the impact of this action, drawing on his or her evolving self-
efficacy, knowledge, and competence related to the goal [5].

Patients may have to make behavioral changes in order to 
reach their goals. A five-step model for empowerment for 
diabetes patients developed by Funnell and Anderson [6] can 
be adapted to IBD as well. The first step is to deal with the 
past and explore the problem or issue by thinking what  
the hardest thing about caring for the IBD is for the patient. 
The second step is to deal with the present by clarifying the 
patient’s feeling and thoughts and their meanings. The third 
step is developing a plan for the future taking into consider-
ation questions like what the patient wants, how the situation 
would have to change so the patient can feel better about it, 

what are the options and the barriers as well as costs and 
benefits of each choice. Step four is committing the patient to 
action: is the patient willing to do what is needed to solve the 
problem, what is the patient going to do and when, and how 
will the patient know when he or she has succeeded. Step 
five is evaluating how the process when, what the patient 
learned, what barriers were met, and what could be done 
differently next time.

 Classifying Patient Resources

There is no official classification of “patient’s resources,” 
neither a clear listing of them. Resources are many, and vary 
according to disease type, severity, and acute or chronic 
nature. People with IBD are familiar with several classes of 
resources, often depending on the time since diagnosis. 
Classes include but are not limited to: information resources, 
community-based resources, resources for health care 
choice, the patient medical record, and social security. Many 
are designed by various health care professionals, but 
increasingly, patient associations (such as EFCCA’s 29 
member associations covering 28 European countries) are 
developing their own high-quality resources that are truly 
patient-centered.

 Information Resources in the Digital Age

Before the “digital age,” and the emergence of the World 
Wide Web, patients derived information from their commu-
nity—friends, family, home medical encyclopedias, or pub-
lic libraries [1]. Many prefer the sense of “ownership” that 
holding printed information provides; however, in the digital 
age, printed information carries the disadvantage that it 
becomes out-of-date the moment it is printed. Even so, in a 
hospital setting where access to communications may be dif-
ficult, printed information offers advantages. The power of 
digital information is in personalization—the volume, and 
flexible format of information ensures that most patients can 
find a resource that is well matched to their level of literacy, 
interpretive skills, online expertise, cultural sensitivities, and 
time constraints—these factors, together with the accessibil-
ity and exclusivity of the resource, will determine an indi-
vidual’s resource of choice.

However, there is some evidence of the emergence of a 
“digital divide”—differing levels of patient empowerment 
between those who have technology and internet fluency, 
and those without, who may be from certain socioeconomic 
backgrounds [7]. Digital information is powerful and vast, 
but not available to everyone. To truly empower patients, 
accessibility is required.
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 Traditional Online Resources
In the digital age, patients are now able to access a vast 
wealth of information online. This includes online versions 
of traditional patient information “leaflets” published by for 
example various patient organizations, insurance companies, 
governmental institutions, and pharmaceutical companies. 
Increased patient knowledge through the use of online 
sources may facilitate the shared decision-making process; 
however, inaccurate information may cause confusion and 
mislead patients to poor choices. Internet resources—the 
online encyclopedia Wikipedia for example—may be quickly 
updated and therefore more up-to-date than traditional 
printed resources, but they may also be poorly or not at all 
referenced and the medical information provided in them 
may not be fully accurate [8]. It may therefore be beneficial 
for the physician to direct patients to reliable websites.

 Innovative Online Resources
Whereas structured navigation helps information seekers to 
more quickly locate information of relevance, personalized 
resources may make the resources more effective in practice. 
Online platforms with more structured, modular information 
on IBD, which can be presented according to a person’s spe-
cific disease, age, and topic, can work in this way. 
Furthermore, rather than static information content, many 
resources now encourage users to store personal information 
for later retrieval, or to submit data for processing, thus offer-
ing tools to help people with IBD gather, manage and control 
personal health information.

This innovation is not limited to web browsing—the 
emergence of mobile devices means that users can carry 
resources and applications with them which help track or 
manage diseases, or offer a specific service. Various applica-
tions for mobile devices may, for example, allow users to 
record daily symptoms, pain, appetite, and trips to the bath-
room for discussion in the consultation, keep track of their 
medications or doctor appointments, locate toilet facilities 
quickly on satellite view, or prepare for a colonoscopy by 
getting reminders of when to drink bowel-clearing substance. 
There are also applications with real-time symptom tracking 
that may be able to find links between dietary or lifestyle 
choices and symptoms and various calorie trackers and diet 
applications that help figuring out the ingredients of foods, 
and often the data collected with the applications can be 
synced across multiple platforms or printed out.

Users of services providing collection of personal or med-
ical data need of course to be aware of security and confiden-
tiality issues, which may not always be assured or apparent, 
given the variance in the reputability of different publishers. 
Patients also need to be made fully aware that although an 
application may be helpful in managing the illness, it cannot 
replace a doctor consultation. Many of the applications avail-
able were not developed in cooperation with IBD experts and 

may therefore not be reliable or research-validated [8].

 Peer-to-Peer Resources—Patient Experiences 
as a Success Factor
Rather than resources constructed by authorities to “edu-
cate” patients, some resources encourage a peer-to-peer 
exchange of experiences. The realization that more effective 
patient information includes the patient’s perspective, 
directly through quotes, stories, and case-studies, has now 
gained widespread acceptance. Education and medical 
knowledge may be the primary goal of resources, but this 
learning process may be more effective, and people more 
empowered, through inclusion of qualitative experience [9]. 
People with IBD often report that health care professionals 
and even family members cannot truly understand the per-
spective of battling with this chronic disease, so in many 
national patient associations, discussion forums have been 
developed to enable people with IBD to share thoughts and 
reflections, ask questions and find answers, and perhaps 
above all, to find a sense of community and solidarity with 
those who share first-hand experience of IBD. Issues such as 
moderation need careful consideration, but must not pose a 
barrier to the huge potential positive impact of these 
resources, recognizing that uncensored and free discussion 
can be of good value. Static information resources which 
seek to educate often have a limited lifespan, but dynamic 
information resources which offer a first-person perspective 
inspire users to return, and to contribute. The sharing of the 
patient experience is paramount if a resource for people with 
IBD is to be successful, and peer-to-peer information is the 
cornerstone of this approach. A survey of 249 IBD patients, 
recruited from 35 IBD online communities, showed that par-
ticipation was helpful in terms of accepting the illness and 
learning to manage it, and the online communities also 
helped members to see the illness in a more positive way and 
to improve subjective well-being. Furthermore online com-
munities provide an anonymous way to interact and a way to 
socialize even when the illness prevents going out into the 
community [10].

 Social Media
The emergence of social media (Facebook, Twitter, 
Instagram, etc.) means that patients need no longer passively 
consume information; they can now author and share infor-
mation for others to respond to, and actively connect and net-
work with communities through social networking. Facebook 
groups, for example, offer an easy mechanism for patient 
organizations to raise awareness, create a sense of commu-
nity, and allow the sharing of information across and between 
communities. The notion of “critical mass” is important 
here—social network and community initiatives can only 
succeed if they capture the imagination of large numbers of 
users, to make the online community viable [11]. This is per-
haps why Facebook itself continues to dominate, while 
attempts at bespoke medical or patient group social 

 networking remain small-scale to date. It must be noted that 
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also in social media, there are plenty of pages and groups 
promoting self-care and various health advice. These are 
often non- evidence- based and may contain links to commer-
cial websites [8]. Patients should be advised to approach 
such resources with caution.

The easy online sharing of video and audio as well as 
blogging has made it possible for people with IBD to directly 
reach out to one another, without editorial constraint or 
regulation. The volume of material available has greatly 
increased, and some viewers and readers find candid infor-
mation of great value. However, views are often subjective, 
not quality assured or evidence-based, and can occasionally 
even be distressing, despite community-based editorial con-
trols. However, some national IBD patient associations have 
demonstrated that editorial review processes, and careful 
management, can ensure that first-hand, experience-based 
video resources are robust, without censoring, and ensuring 
free contribution.

 Resources for Patients and for Health Care 
Professionals Need Not Be Separate
A fundamental dichotomy between resources for health  
care professionals, and resources for patients, is a miscon-
ception. In some situations, information specifically for 
patients is of clear benefit; however, the objectives and con-
tent are often identical for both audiences. Furthermore, 
expert patients are often familiar with the “hierarchy of 
 evidence” proposed by Haynes [12], and engage with it at 
every level.

Resources that should be equally accessible health care 
professionals and patients alike include:

• Clinical practice guidelines. These may be international 
or national. Patient associations are also motivated and 
skilled to produce guidelines. When access to treatment, 
and varying treatment quality, are common issues 
throughout many European countries, people with IBD 
are found to be highly motivated to interpret treatment 
standards, and examine guidelines.

• High-quality randomized controlled trials. National IBD 
patient associations and EFCCA are committed to sup-
porting research, and IBD patients are highly interested in 
new developments in IBD research.

• Systematic reviews (for example, those from the Cochrane 
collaboration). People with IBD understand that one trial 
may contradict another, and are increasingly turning to 
high-quality secondary evidence such as systematic reviews 
to provide a better answer to their information need.

Once patients becomes fluent in the language of their con-
dition, they may become “expert patients” discerningly seek-
ing high-quality, reputable publications that have high status 
in the hierarchy of evidence. Gray [1] states that equity of 

access to resources is important because 5 % of the public are 
as well educated as clinicians, most health care information is 
relatively simple, and a patient can spend a large amount of 
time learning about their condition, whereas a general practi-
tioner has hundreds of conditions to cover, and concludes that 
“it makes no sense to separate knowledge resources for 
patients and clinicians.”

 The Information Revolution and the Need 
to Appraise Resources
In the twenty-first century, there is a vast ocean of information 
at a patient’s fingertips. However, the majority of the infor-
mation available electronically is not evidence-based. It may 
be tainted by subjective opinion, lack of evidence, and even 
outright bias—making it misleading, wrong, or even harm-
ful. Furthermore, information must be correctly applied. 
Gray [1] states that “knowledge alone will not create the 
resourceful patient. Patients also need skills.”

Patients can be forced to make a trade-off between acces-
sibility and quality; to find a specific answer that fulfills their 
needs, quality must be sacrificed, and in the process of learn-
ing to live with a chronic condition like IBD, finding this 
specific answer might be vital to a patient’s quality of life, 
and perhaps even the efficacy of their care.

As it is inevitable in the modern era that patients willing 
to learn more about their illness will be faced with huge 
amounts of information and have access to much of the data 
available, they should be guided into the right direction of 
high-quality, evidence-based research. It would be beneficial 
for both the patient and the physician if the patient possessed 
basic skills to critically appraise the information he or she 
faces. Patient-friendly appraisal tools or evaluation methods 
should be developed and their use promoted. Patients should 
be assisted in developing critical appraisal and interpretive 
skills.

 Communities for People with IBD—EFCCA’s 
Core Resource

The most crucial and valuable resource for an IBD patient is 
other IBD patients. IBD can be an isolating condition, and 
where people with IBD can come together in a free environ-
ment, they can be greatly empowered by sharing experience 
and knowledge in a community of mutual support. The first 
experience of freely socializing with others who also have 
IBD can be life changing, and this positive impact is one of 
the most rewarding aspects of the work of EFCCA’s 29 
national IBD associations around Europe, and EFCCA 
itself. The benefits of community-based mobilization are 
well documented, and part of EFCCA’s core philosophy; the 
whole is greater than the sum of its parts. The community 
groups of EFCCA and its members are flourishing, using 
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online technology to bridge distances, cross borders, and 
demonstrate a universal commonality in overcoming IBD.

Wherever possible, people with IBD should be supported 
in finding and accessing communities and groups, and this 
can be facilitated at the level of specific clinics, or even 
individual clinicians. Community-based support is not only 
immensely rewarding for those who take part, but it also 
offers a wealth of benefits for family members and friends, 
who may not be present at medical consultations. A large 
European online patient survey carried out by EFCCA 
showed that 63 % of those IBD patients who had engaged in 
patient association activities felt that it had improved their 
life as someone with IBD [13]. Projects such as EFCCA’s 
summer camps for young people and children with IBD have 
been proven in efficacy: an online survey for participants of 
summer camps organized by EFCCA and its member asso-
ciations showed that most of the participants felt that attend-
ing the camp improved their confidence in dealing with IBD, 
their acceptance of their IBD and their overall quality of life. 
The majority of the respondents reported that out of all camp 
experiences, meeting the fellow campers was the most sup-
portive aspect [14]. EFCCA offers national IBD patient asso-
ciations with resources and knowledge to establish these 
communities and to organize events.

 Resources to Enable Choice—Health Care 
and Treatment Quality

Increasingly, patient choice of health service, health care 
provider, and treatment, is being advocated in several 
European countries and also internationally within the 
European Union. Patient choice has gained importance for 
reasons such as reducing waiting times and encouraging 
competition between providers in order to make care more 
responsive to patients and improve efficiency [15].

EFCCA supports informed, evidence-based patient choice, 
except where this fine notion may be used as an opportunity to 
transfer responsibility for health service quality from govern-
ment, to the choice of individuals.

 One’s Own Resource—Owning  
the Medical Record

Many patients are not aware that European law gives them a 
legal right to access their own patient data. One’s own medi-
cal records are also a valuable resource, and ownership of 
them can often be the beginning in a journey of understand-
ing more about IBD, and can also be vitally useful when 
transferring between clinicians (particularly internationally), 
when traveling, or in medical emergencies. Electronic medi-
cal record projects often drawn controversy, but also offers 

the potential of significant rewards.

 Patients’ Rights as the Foundation Resource

Upholding patients’ rights is one of the key challenges that 
any legislation has to face. Although recognizing the impor-
tance of the notion of the “patient as a consumer,” the priorities 
for people with IBD are, at the moment, different.

It is not only difficult to diagnose and differentiate ulcer-
ative colitis and Crohn’s disease, but even more difficult to 
stipulate when a person’s IBD meets the requirements of a 
formal definition of a “disability.” This is not helped by the 
fact that IBD is still often classified as a “rare disease,” even 
though its incidence and prevalence is greater than many 
more well-known conditions. These circumstances have a 
clear cascade-effect on people with IBD; they sustain the iso-
lating nature of IBD on patients, and distance patients from 
their right to health.

A united, focused voice amongst health care profession-
als, together with patients, can help to overcome this situa-
tion. People with IBD must also join with people who have 
diseases similar in terms of characteristics or social conse-
quences. This approach can offer a realistic chance of suc-
cess, and the importance of patient-centered organizations 
is vast—at the national level in EFCCA’s 29 member asso-
ciations, at the international level with EFCCA itself, and 
reaching on into umbrella organizations of which EFCCA 
is part, such as the European Patients’ Forum, the European 
Disability Forum and the International Alliance of Patients’ 
Organizations.

 Conclusions: Patients’ Group as “trait 
d’union” for Describing a New Conception 
of Resource

This chapter demonstrates the difficulty of defining 
“resources for patients,” but also how many and varied they 
are, especially in terms of quality and access.

Organizations such as EFCCA are a source of resources, 
a source of assistance for patients who seek help in accessing 
or interpreting resources, and also a beacon of equilibrium 
and solidarity amongst the difficult conditions in which 
people with IBD live each day.
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mucosa-associated microorganisms, 68
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ulcers, 195
wall enhancement, 196–197
wall, fold and mucosal abnormality, 194–195
wireless capsule endoscopy, 185–186

Magnetic resonance imaging (MRI), 382
Magnetic resonance index of activity (MaRIA), 188, 198
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Mural inflammation, 207–209
Muramyldipeptide (MDP), 96
Murine immune system, 156
Murine Ly6C− monocytes, 120
MUSIC, 354
Myalgia, 405
Mycobacterial infections, 626
Mycobacterium avium paraturbeculosis (MAP), 11
Mycophenolate mofetil, 528
Myeloid, DCs

basal lymphocyte aggregates, 95
CD, 93, 96
CD14+, 95
CD83+, 95
functional defect, 94
intestinal epithelial cells, 94
M-DC8+, 95
monocytes, 96
mucosal, 95
NOD2, 96
and plasmacytoid, 93
RIPK-2, 96

Myeloproliferative disorders, 326
Myelosuppression, 415
Myocarditis, 393
Myosin light chain kinase (MLCK)

CA-MLCK, 61
epithelial, 57, 64
expression and enzymatic activity, 60
in vitro and in vivo TNF-induced barrier loss, 61
inhibitors, 64
isoforms, 64
knockout mice, 62
MLCK-deficient mice, 62
myosin II regulatory light chain (MLC) phosphorylation, 60
occludin internalization, 60
transcription and protein synthesis, 60
transcriptional and enzymatic activity, 61

N
Na+-glucose cotransport, 57
N-acetylsulfapyridine, 393
N-acetyltransferase 2 (NAT2), 393
Nancy score, 198
Natalizumab, 105, 375–376, 450, 451, 604
National Cooperative Crohn’s Disease Study (NCCDS), 263, 315, 316
Natural birth vs. caesarean section, 67
Natural killer T (NKT) cells, 105
Naturally occurring regulatory T cells (nTregs), 102–103
NCCDS. See National Cooperative Crohn’s Disease Study (NCCDS)

Neoplastic lesions, 175
Network-meta-analysis, 437
Neuropsychiatric complications, 406
Neutrophil

bowel-associated dermatosis–arthritis syndrome, 565
and eosinophil granules, 126
NADPH oxidase complex, 125
pyoderma gangrenosum, 561
sweet syndrome, 564

New England Journal of Medicine (NEJM), 186
NF-kB p50 subunit, 124
NIH Intestinal Stem Cell Consortium, 168, 169
NK-T cells, 104
NO deficiency, 88
NOD/scid-BLT mice, 159
NOD2, 79, 80, 94, 96, 97, 483
Non-bone marrow-derived cell population, 61
Non-classical subset, 120
Non-Hodgkin’s lymphoma, 327, 416
Non-melanoma skin cancer
Non-melanotic skin cancer (NMSC), 326, 346
Nonsteroidal anti-inflammatory drugs (NSAIDs),  

61, 394
COX-2 selective inhibitors, 15
pathophysiology, 15

Nuclear factor of activated T cells (NFATs), 421
Nuclear factor-kappa B pathway, 389
Number needed to treat (NNT), 322, 323
Nutrition

carbohydrates, 14
deficiencies, 13
docosahexaenoic acid, 14
factors, 13
IgG and IgA antibodies, 14
immunogenic therapy, 14
inflammatory bowel disease

anorectal complications, 590
dietary contributions, 589–592
enteral nutrition, 593
history and physical examination, 587
intestinal fistula, 593
iron deficiency, 589
malnutrition and nutrient deficiencies, 587
nutritional support and therapy, 592
obesity, 590
parenteral feeding, 592
SGA, 587
vitamins, minerals, and trace elements, 587

zinc deficiency, 589
linoleic acid, 14
macronutrients, 14
metabolic dysfunction, 13
osteoporosis and osteomalacia, 13
vitamin B6, 14

Nutritional deficiency
cutaneous features, 557
itch, 557, 558
malabsorption and chronic inflammation, 557
niacin, 558
zinc, 557–558

O
Occludin, 59, 60
Odds ratio (OR), 186
Oligofructose-enriched inulin, 461
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Online patient information, 668–670
community, 668
digital age (see Digital age)
digital divide, 668
personalization, 668

Online resources, 669
Operational taxonomic units (OTU), 67
Optical coherence tomography (OCT), 178, 179
Optimal medical management, 381

pFCD (see Perianal fistulizing Crohn’s disease (pFCD))
Oral Crohn disease. See Cutaneous Crohn disease
Oral lesions, 254
Oral OKT3 (anti-CD3), 106
Oral steroid therapy, 552
Oral tolerance

hypersensitivity, 33
in humans, 41
mucosal homeostasis, 37

Oral vancomycin, 462
Organoid models, 78
Orofacial Crohn disease, 559
Osteomalacia and osteoporosis, 589
Osteonecrosis, 407
Osteoporosis, 405, 407, 408

bisphosphonates, 581
definition, 580
denosumab, 581
epidemiology, 580
fracture-risk assessment (FRA), 581
non-pharmacological, 581
pharmacological, 581
prevalence, 580
risk factors, 580
screening, 581
small bowel resection, 581
systemic inflammation, 580
terliparatide, 581
zolendronic acid, 581

Outer membrane porin (OMP), 111
Oxazolone-induced colitis, 144

P
Panchromoendoscopy, 177
Pancreatic carcinomas, 540
Pancreatic duct, 550
pancreatic parenchyma, 550, 551
Pancreatitis-associated protein (PAP), 77, 78
Pancytopenia, 326
Paneth cell, 79–81, 169

α(alpha)-defensin, 76, 77
antimicrobial peptide, 78–79
antimicrobial peptides, 79
and CD

ATG16L1, 80
autophagy, 80
dysbiosis and abnormal bacterial adherence, 79
genetic polymorphism in NOD2, 80
immune-related GTPase M (IRGM), 80
KCNN4, 81
LRP6, 81
mouse strains, 80
NOD2, 80
pathogenesis, 79–81
structural abnormalities, 79
TCF7L2, 80

to polymorphisms, 80
WNT signaling pathway, 81
XBP1, 80–81
α(alpha)-defensin, 79

and enterocytes, 78
ER, 131
germ-free mice, 78
granules, 77, 78
HD5, 77
HD6, 77
intestinal epithelial cells, 132
intestinal epithelium, 133
intelectin-1, 78
mouse Paneth cells, 78
and neutrophils, 77
secretory compartment, 132
small intestine, 77
in spontaneous ileocolitis and aberrant, 131
trypsin, 77

Paneth disease, 79
Parasitic infections, 626
Parks classification, 381, 382
Pasteurellaceae, 69
Pathogen recognition receptors (PRR), 123
Patient attitudes, IBD

and knowledge, 667–668
denial, 668
EFCCA, 667
expert patients, 668
quality of life ranges, 667

Patient empowerment, 668
Patient group, 669
Patient information, 669
Patient resources

condition and treatment, 667
definition, 671
empowerment, 668
health care, 671
IBD—EFCCA’s, 670–671
Information resources in the digital age, 668–670
knowledge, 667–668
organizations, 671
own medical records, 671
paternalistic role, 667
patient attitudes to IBD, 667–668
people communities, 670–671
rights, foundation resource, 671
shared decision-making, 667
survey, 667
treatment decisions, 667
treatment quality, 671

Pattern recognition receptors (PRRs), 93, 94
PDAI. See Pouchitis Disease Activity Index (PDAI)
Pediatric Crohn’s Disease Activity Index (PCDAI), 610
The Pediatric Inflammatory Bowel Disease Collaborative Research 

Group Registry, 609
Pediatric patients, IBD, 610, 611

activity measurement, 610
biological therapy, 612–613
clinical behavior, diagnosis, 610
demographics, 609
diagnosis, 611
enteral nutritional support, 614
growth abnormalities, 610
growth velocity, 610
immunomodulators, 611–612
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location /extent, disease, 609
management

aminosalicylates, 611
corticosteroids, 611

serology, 609
severe/fulminant ulcerative colitis, 614
toxicity and risk, 613, 614

Pediatric Quality of Life Inventory (PedsQL), 283–284
Pediatric Ulcerative Colitis Activity Index (PUCAI), 610
PedsQL 4.0 Generic Core Scales, 283
Pegylated antibody fRagment Evaluation in Crohn’s disease Safety 

and Efficacy (PRECiSE 2), 481
Pegylation, 351
Per Brandtzaeg’s laboratory, 111
Perianal abscesses, 508
Perianal CD disease, 323–324, 508, 509
Perianal disease activity index (PDAI), 383
Perianal fistulas

cancer, 201
classification, 200–201
efficacy, 201
MRI, 200
technique, 201

Perianal fistulizing Crohn’s disease (pFCD)
classification, 381–382
clinical evaluation, 382
clinical response, 384, 385
endoscopic assessment, 383
EUA, 382, 383
fistula healing, 383
management, 381
medical treatments, 381–384
radiological imaging, 382
stricturing predispose, 381
transmural inflammation, 381
treatment algorithm, 384, 385

Perianal location, 654
Perianal ultrasound (PAUS), 224
Perienteric inflammation, 209–210
Perientheal osteitis, 578
Perinuclear staining antineutrophil cytoplasmatic antibodies 

(pANCA), 523, 655
Perioperative small bowel obstruction, 512
Peripheral (circulating) blood DCs

Am80-MoDC, 94
BCA-1, 94
BLC, 94
chemoattractants, 94
chemokines, 94
cigarette smoking, 94
cytokines, 93
frequency, 93
gut homing and chemokine/chemoattractant receptors, 94
IL-17A, 93
MDDC, 94
miR-10a, 94
MoDC, 94
pattern-recognition receptor (PRR), 94
RALDH, 94
slanDC, 93
spleen/mesenteric lymph nodes, 93
transmigration, 94
vitamin-D supplementation, 94

Peripheral SpA, 574, 576, 577
Peri-stomal skin problems, 559–560
PERK–eIF2α–ATF4–Chop branch, 133

Permeability
CD, 58
colonic, 58
intestinal, 58
leak pathway, 58
measurement of intestinal, 58
mucosal barrier, 57
UC, 58

Pharmacokinetics, 325
Phosholipase A2 enzymes, 78
Pit-pattern classification, 177
Placebo-controlled double-blind Phase III studies, 352
Placebo-controlled trials, 383, 391
PLANETAS study, 472
PLANETRA, 472
Plantago ovata, 461
plasma homocysteine concentration, 591
Plasticity of T Cells, 104
Platelet–endothelial cell adhesion, 88–89
Platelets, 89
Pluripotent stem cells (PSCs), 168
Plymorphonuclear leukocyte (PMN), 125
Pneumococcal polysaccharide vaccine, 630
Pneumocystis carinii (jiroveci), 626
Pneumocystis jirovecii, 406
Pneumonia (PCP), 626
Polyethylene glycols, 58
Polymorphonuclear leukocyte (PMN), 124, 125
Pore pathway, 57
Positive ASCA, 483
Postcapillary venules, 89
Post-surgery, 324
Pouch-anal anastomotic stricture, 512
Pouchitis, 252
Pouchitis Disease Activity Index (PDAI), 425, 458
Powell-Tuck Index, 260
Prebiotics, 43, 45

animal models, 461
bifidobacteria and lactobacilli, 461
ispaghula/Plantago ovata, 461
oligofructose and inulin, 461

PRECISE studies, 352–354
Preconception care, 599–600
Predictive factors

age, 653–654
demographic, clinical and anatomical characteristics, 653
disease behavior, 654
disease location, 654
endoscopy and histopathological factors, 655
environmental factors, 655
extraintestinal manifestations, 654–655
genetic factors, 655
serologic markers, 655
severity, 654

Prednisolone, 399–405, 407, 526
Prednisolone (PSL), 493
Prednisone, 323, 399–401, 406, 482, 603
Predocol, 404
Pregnancy

aminosalicylates, 603
antibiotics, 602–603
complications, 601
corticosteroids, 603
Crohn’s disease, 601
delivery, 601
ECCO, 601
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Pregnancy (cont.)
endoscopic evaluation, 601
IBD management, 599, 600
and lactation, 601–602
medications, IBD, 602
MTX, 602
natalizumab, 604
nonpregnant patients, 601
PIANO, 601
preconception care and fertility, 599–600
thiopurines, 603
TNF alpha agents, 603–604
ustekinumab, 605
vedolizumab, 604

Pregnancy in Inflammatory Bowel Disease and Neonatal Outcomes 
(PIANO), 417, 601

Prevotella group, 593
Primary sclerosing cholangitis (PSC), 533–534, 538, 540, 541, 640, 

643, 647
cholangiocarcinoma, 531
cigarette smoking, 532
clinical presentation, 533
colonic neoplasia, 539
diagnosis

histology, 534
laboratory investigations, 533–534
radiological features, 534
standard incidence ration, 538

epidemiology, 531–532
HLA haplotypes, 532
IBD patient population, 537
immunosuppressive medications, 542
liver histological changes, 535
malignancy, 537
medical therapies, 542
MRCP appearance, 535
nonmalignant complications

antibiotic rifampicin, 541
bacterial cholangitis, 540
chronic cholestasis, 541
dominant strictures, 540
fatigue, 540
pruritus, 541

obliterative fibrosis, 531
pathogenetic mechanisms, 543
PSC patient, 531
risk factors, 532

Primary sclerosing disease (PSC), 655
Probiotics, 43, 45, 70, 458–460

animal models, 456
CD, 460–461
living organisms, 455, 456
mechanisms, 455
pouchitis

etiology and pathogenesis, 458
IPAA, 458
probiotic therapy, 459
symptoms, 458
therapy, 456, 459
treatment and prevention, 460

ulcerative colitis, 456–458
Proctocolectomy, 654
Prodrug azathioprine (AZA), 603
Progressive multifocal leukoencephalopathy (PML), 450, 625
Pro-inflammatory cytokines, 60
Proline–glycine–proline (PGP), 138

Prolyl-endopeptidase generates collagen, 138
Protease

acidic protease cathepsin K, 137
ADAMs, 135
extracellular/transmembrane, 136
metzincins, 135
neutrophil elastase, 138
serine, 136

Proteobacteria, 69
Proximal ileostomy, 513
pro-α(alpha)-defensins, 77
PSC-associated colorectal malignancy, 538
P-selectin (platelet-associated)-PSGL-1, 89
P-selectin blockade, 89
Pseudomembranous colitis, 252
Pseudostratified epithelium, 169
PSL. See Prednisolone (PSL)
Psychological General Well-Being Index (PGWBI), 283
Pulmonary embolism (PE), 90
Purine salvage pathway, 321
PURSUIT program, 443, 444
Pyoderma gangrenosum, 361

bullous pyoderma gangrenosum, 563
classical and pustular forms, 562
definition, 561
differential diagnosis, 563
epidemiology, 561
etiology, 561–562
pathogenesis, 561–562
peri-stomal pyoderma gangrenosum, 562
treatment, 563–564

Pyruvate, 591

Q
QFracture score, 581
Quality of life (QoL), 345

R
Rac 1, 322
Radioresistant, 61
RAG deficient mice, 143, 145
RAG1 knockout mice, 62
Randomized controlled trials (RCT), 352–354, 435, 436, 464

with adalimumab
AAA, 436
anti-TNF-α, 436
body weight, 436
clinical response and mucosal healing, 436
corticosteroids, 436
FDA and EMA, 436
open-label extension study, 436
pharmacokinetic modeling, 436
and placebo, 436
post hoc intention-to-treat analysis, 436
registration trial, 436
safety and efficacy, 435
safety profile, 436
ULTRA 1, 435, 436
ULTRA 2, 435, 436

CD
PRECISE studies, 352–354
WELCOME Trial, 354

Randomized evaluation of an algorithm for Crohn’s treatment 
(REACT), 347
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Rating form of IBD patient concern (RFIPC), 283
RCTs. See Randomized controlled trials (RCTs)
Receptor activator of NF-kB ligand (RANKL), 95
Receptor-related orphan receptor (ROR-γτ), 141
Rectal formulations, 391
REG3A, 78
Reg3γ(gamma), 78
Regulatory B cells (“Breg”)

B10 cells, 114
definition, 113
IL-10, 114
intestinal inflammatory conditions, 114
phenotype, 114

Regulatory CD4+ Foxp3+ (Treg) cells, 113
Regulatory T cells

calssification, 102
iTregs, 103–104
nTregs, 102–103
plasticity, 104
therapy for IBD, 106

Regulatory Th17 (rTh17) cell, 104
Relapse, 528
Remission, 527

active CD, 322
and CDAI reduction, 354
anti-TNFa-free, 324
CDEIS score, 354
clinical, 352, 353
clinical improvement, 322
clinical remission rates, 323, 353
corticosteroid-free clinical, 325
long-term clinical, 324
maintenance, 323, 324
OR for maintenance, 322
postsurgical maintenance of disease, 324
rates, 324
and steroid, 321
steroid-free clinical and endoscopic, 325, 351
therapeutic aims of CD, 351

Rescue therapy, 422, 423, 426
RESS. See Drug rash, eosinophilia, systemic symptoms (DRESS)
Retinaldehyde dehydrogenase (RALDH), 94
Retroperitoneal fibrosis (RF), 552
Retrospective cohort studies, 354–355
Rheumatoid arthritis (RA), 482
Rhodococcus genus, 69
Ribosome-synthesized antibiotics, 76
Rifaximin/metronidazole, 459, 462
RORα deficient mice, 143
RORγt+NKp46+ cells, 146
Ruminococcaceae, 68
Rutgeert’s score, 273

S
Saccharomyces boulardii, 455, 460
Safety, 445–446, 453–454

allergic reactions, 326
anti-TNF, 327
Caucasian patients, 326
CESAM study group, 327
drug reaction, 326
hepatotoxicity, 326
immunomodulatory treatment, 326
leukopenia, 326
liver vasculature, 326

malignancy risk, 326
medication, 326
myeloproliferative disorders, 326
non-Hodgkin's lymphoma—HSTCL, 327
optimal dose, 326
pancytopenia, 326
post AZA/6-MP, 326
risk of infections, 326
risk of malignancy, 326
side effects, prevalence, mechanism, 327
treatment modification, 326
ultraviolet radiation, 326

Salmochelin, 76
Salmonella, 76
Salvage therapy, 426
SAMP1/YitFc mouse model, 61, 114, 155, 156
San Pellegrino®, 591
Sclerosing cholangitis, 550–551
Scurfy mice, 102
Secondary sclerosing cholangitis (SSC)

causes, 536
IgG4-related, 534

Secretory IgA (SIgA)
affinity maturation, 39
and breastfeeding, immune control, 40–41
dysbiosis, 39
in immune exclusion of antigen, 31
intestinal homeostasis, 40
microbial–host interactions, 38
mucosal homeostasis, 35
mucosal responses, 39
pathogenic commensals, 39
proinflammatory signaling, 39

Secretory phospholipase A2 (sPLA2), 77, 78
Secukinumab, 105
Segmented filamentous bacteria (SFB), 79
Sep [O-phosphoserine] tRNA:Sec[selenocysteine] t RNA synthase 

(SEPSECS), 525
Serologic markers
Serological markers, 655

diagnosis, 236
disease location, 236
disease severity, 236–237
serum antibodies, 236

Serum IgG4 concentrations, 550
serum IgG4 levels, 550
Severe combined immune deficiency (SCID), 106
Severe ileocolonic CD, 481
Shared decision-making, 667
Short chain fatty acids (SCFAs), 69
Short health scale (SHS), 280, 282
Short-chain fatty acids (SCFAs), 126
SIgA immunity, 31
Silicone balloon, 176
Similar biotherapeutic products, 471
Simple endoscopic score for Crohn’s disease (SES-CD), 271, 272
Simple fistula, 382
Simponi®, 441
Single nucleotide polymorphisms (SNPs), 64, 96, 590
SJS. See Stevens–Johnson syndrome (SJS)
Small and large bowel inflammatio, 150
Small bowel contrast ultrasound (SICUS)

accuracy, 223
Crohn’s lesions, 223
fistulae and stenosis, 223
multiple strictures, 223
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Small bowel contrast ultrasound (SICUS) (cont.)
PEG, 223
transabdominal, 223

Small bowel Crohn’s disease, 506
Small duct PSC, 534
Small-bowel imaging techniques (SBFT), 185
Smoking, 13
Social media, 669–670
Socioeconomic factors, 12–13
Solitary rectal ulcer/mucosal prolapse, 257
SONIC study, 323, 325
Spleen/mesenteric lymph nodes, 93
Spondyloarthropathies (SpA)

biologics, 579
classification, 572
clinical features, 575
progression, back pain, 575
pro-inflammatory immune cells, 573

Spontaneous colitis, 112–114
STAT3 and 4 pathway, 141–143
Steady state free precession (SSFP), 190
Steroid sparing effect, 322
Steroid therapy, 552

budesonide, 318–319
conventional steroids, 318
hydrocortisone, 316
6-methylprednisolone, 316
prednisone, 315, 316
sulfasalazine, 315
treatment, 315
ulcerative colitis, 316

Steroid-free complete response (SCR), 355
Steroid-free remission, 325
Stevens–Johnson syndrome (SJS), 567–568
Strictureplasty, 507
Subjective global assessment (SGA), 587, 588
Subsequent entry biologics (SEB), 471
Sulfasalazine (SASP), 390–394, 603

adjunctive therapy, 312
5-aminosalicylic acid (5-ASA) and sulfapyridine, 311
aminosalicylate therapy, 313
anaerobic bacteria concentration, 311
cancer prevention, 394–395
chemical structure, 389, 390
clinical practice, 312–313
cost-effectiveness, 395
Crohn’s disease, 311, 312
efficacy

combination therapy, 391
dose response, 391
duration, 391–392
oral formulations, 390–391
rectal formulations, 391

erythroderma, 567
DRESS, 568
formulations, 390
induced nephrotic syndrome, 393
mechanism of action, 389–390
mesalazine, 312
6-methylprednisolone, 312
pharmacokinetics, 389, 390
photosensitivity, 567
safety

adverse events, 392
cardiac, 393
gastrointestinal, 394

hematologic, 393
immunological, 394
neurological, 394
rectal therapy, 394
renal, 393
reproductive, 393
respiratory, 394

SJS, 567–568
steroids, 312
TEN, 567–568
therapeutic action, mechanisms, 311
ulcerative colitis, 311

6-sulfo LacNAc DC (slanDC), 93
Sweet syndrome

clinical features, 564
definition, 564
diagnosis, 564–565
epidemiology, 564
etiology, 564
treatment, 565

Symbiotics, 70

T
T cell receptors (TCR), 141
T cell-reconstituted RAG deficient mice, 146
Tacrolimus

CYP3A5, 423
drug interactions, 423
FKBP, 422
maintenance of remission, 423–425
mucosal healing, 423
pFCD, 383–384
proinflammatory cytokines, 422
structure, 422, 423
toxicities, 422
ulcerative colitis, 422–424

T-cells
CD4+, 101
CD8+, 101
classification, 101
in colitis, 104–105
effector, 101–102
mediated colitis, 112
regulatory, 102–104
subsets, 104
transfer model, 87

TCF7L2(TCF4), 80, 81
TCRαKO mice, 112–114
TCRβ × TCRδ double knockout mouse  

model, 114
TCRγδ+ cells, 104
TEN. See Toxic epidermal necrolysis (TEN)
Terminal ileal CD, 506
TGFβ, 103
6-TG monophosphate (6-thio-GMP), 321
6-TG triphosphate (6-thio-PTP), 321
Th cell type 1 (Th1)

differentiation, 141
in animal models, 143

Th cell type 17 (Th17)
differentiation, 142–143
in animal models, 144–145

Th cell type 2 (Th2)
differentiation, 142
in animal models, 144
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Th cell type 22 (Th22), 146
Th cell type 9 (Th9), 145–146
Th subset, 143, 146
Th1 cells, 101, 102
Th17 cells, 101, 104, 105, 574
Th17/IL-23 pathway, 146
Th1-mediated chronic colitis, 114
Th2 cells, 101, 105, 113, 114
Th3 cells, 103
Thiopurine

combination therapy, 614
hepatotoxicity, 237
hypermethylation, 237
induction therapy, 482
metabolite measurement, 237
methyltransferase activity, 527
pediatric IBD, 609, 611–613
toxicity, 613
treatment-related toxicity, 237
therapy, 321, 324–325
6-MP (see 6-Mercaptopurine (6-MP))

analogs, 321
with anti-TNFa, 325–326
AZA (see Azathioprine (AZA))
biologic treatment, 321
in CD, 322–323
development, 321
metabolism, 321–322
monitoring algorithm, 328
monitoring and optimizing, 327–328
mucosal healing, 323
perianal disease, 323–324
pharmacologic mechanism, 322
postoperative recurrence, 324
Purine analogs, 321
purine metabolites, 321
remission and steroid, 321
safety, 326–327
treatment, 324–325

Thiopurine methyltransferase (TPMT), 237, 322, 328,  
413–415

allelic polymorphism, 327
deficiency, 326, 327
measurements, 327
methylates MP, 321
and TGN measurements, 326

Thiopurinetreatment efficacy, 237
6-Thioguanine nucleotides (6-TGN), 321, 413–415
6-Thiouric acid, 414
Thr-His neutrophil elastase, 137
Thrombocytosis, 90
Thromboembolic events (TE), 90
Thrombosis, 89–90
Thromboxane B2, 88
Thromboxane synthase, 88
Tight junction

anastomosing network, 60
assembly and leukocyte transmigration, 61
barrier function, 60
definition, 60
in vitro and in vivo studies, 59
intestinal barrier function, 64
paracellular permeability, 60
permeability, 61
protein ZO-1, 60
TNF, 60

Tight junctions
definition, 58
molecular anatomy, 58–59

Time trade-off (TTO), 293
Tissue factor activation, 90
Tissue macrophages, 120–121
ßTNF-induced barrier loss, 60
TNF receptor 1 (TNFR1), 429
Tobramycin, 462
Tolerance, 121
Tolypocladium inflatum, 421
Tonsillectomy, 16
Top-down vs. step-up therapy, 481–482
Topical therapy, 404
Total parenteral nutrition (TPN), 593
Total proctocolectomy (TPC), 511
Toxic epidermal necrolysis (TEN), 567–568
TPMT allelic polymorphism, 327
Tr1 cells, 103, 104, 106
Traditional online resources, 669
Tralokinumab, 105
Transabdominal B-mode ultrasound, CD, 217–219
Transepithelial osmotic gradient, 57
Transient elastography (TE), 338
Transplantation, 526, 528
Treg differentiation, 143
Treg in animal models, 147
Trinitrobenzene sulfonic acid (TNBS), 149
Trypsin, 77
TTO. See Time Trade-off (TTO)
Tuberculosis (TB), 406, 626
Tubular vs. villous, 177
Tubulointerstitial nephritis, 552
Tumor necrosis factor (TNF), 233

expression, 170
induced MLCK activation, 60
stimulation, 169
therapy, 593
ulcerative colitis, 429

Tumor necrosis factor-alpha (TNF-alpha), 90, 101, 136–138, 186, 343, 
405, 568

Type 3 innate lymphoid cells (ILC3), 142
Type III procollagen peptide (PIIINP), 338

U
UCCIS. See Ulcerative colitis colonoscopic index of severity (UCCIS)
UCDAI. See Ulcerative colitis disease activity index (UCDAI)
UCEIS. See Ulcerative colitis endoscopic index of severity (UCEIS)

prednisolone metasulfobenzoate, 404
risks of, 407
side effects, 405–407
steroid-sensitizing drugs, 407
therapeutic arsenal, 407
topical therapy, 404

Ulcerative colitis (UC), 75, 111, 112, 137, 138, 141, 226, 389, 
413–417, 435, 549, 553, 621, 630, . See 

activity indices, 259–263
administration and dosage, 399–404
5-ASA (see 5-Aminosalicylates (5-ASA))
beclomethasone dipropionate, 404
biologic therapy (see Biologic therapy)
bone disease, 407
budesonide-MMX, 399–404
Cecal red patch, 247
CEUS, 227
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Ulcerative colitis (UC) (cont.)
chronic inflammatory condition, 435
chronic injury, 246
colectomy, 303
corticosteroid resistance, 405
corticosteroid withdrawal, 405
corticosteroids, 399
description, 245
disease course, 301, 302
endoscopic assessment of disease activity, 268–271
goals, 449
granuloma formation, 247
hospitalization, 304
ileal involvement, 246
infection, 406–407
intravenous therapy, 404
medical management, 413–414

AZA (see Azathioprine (AZA))
efficacy estimates, induction and maintenance therapy, 414–415
metabolism, 413–414
monitoring, 415–417
pharmacology, 413–414
safety, 415–417

metabolic derangement, 405
microbial antigens, 96
microscopic appearance, 246
mortality, 301
MRC, 193
neuropsychiatric effects, 406
NFkB, 399
oral therapy, 399
Paneth cell (see Paneth cell)
in pediatric patients, 405
patients, 146–147
prednisolone metasulfobenzoate, 404
PSC detection, 227
rectal sparing, 247
risks of, 407
side effects, 405–407
steroid-sensitizing drugs, 407
strictures and fistulas, 246
sulfasalazine (see Sulfasalazine)
surgery, 303
therapeutic modulation, microbial response, 96–98
therapeutic arsenal, 407
topical therapy, 404
TNF-α, 435
ultrasound

continuous inflammation, 226
inner hypoechoic layer, 226
pediatric, 226
severe forms, 226
thickened mucosa, 226

Ulcerative colitis colonoscopic index of severity (UCCIS), 268, 270
Ulcerative colitis disease activity index (UCDAI), 273
Ulcerative colitis endoscopic index of severity (UCEIS), 268, 270, 271
Ultrasound in Crohn’s disease (CD), 219, 225

abscesses detection, 219–220
ascites, 221
assessment

disease activity, 219
disease location, 219

CEUS (see Contrast enhanced ultrasound (CEUS))
color Doppler imaging, 222, 223
complications, 219
cost-effective, 228
course of chronic relapse, 217

detection, fistula, 220
Doppler technique, 227
EAUS and PAUS, 223–224
exposure to diagnostic radiation, 217
extraluminal and complications, 228
German S3 guidelines, 217
IBD-related surgery, 217
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