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ABSTRACT
Crohn’s disease (CD) is a heterogeneous disorder that can involve any segment of the gastrointestinal
tract. The pathogenesis of CD is unknown but is thought to involve an uncontrolled immune response
triggered by an environmental factor in a genetically susceptible host. The heterogeneity of disease
pathogenesis and clinical course, combined with the variable response to treatment and its associated
side effects, creates an environment of complex therapeutic decisions.
Despite this complexity, significant progress has been made which allows physicians to start and predict
disease behavior and natural course, response to therapy, and factors associated with significant side
effects.
In this manuscript the data pertaining to these variables including clinical, endoscopic and the various
biological and genetic markers are reviewed, and the possibility of tailoring personal treatment is
discussed.
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INTRODUCTION
Crohn’s disease (CD) is a heterogeneous
inflammatory disorder that may involve any
segment of the gastrointestinal tract from mouth
to anus. Manifestations of CD are protean, and
inflammation can lead to complications such as
intestinal strictures, fistula formation, and extraintestinal manifestations including arthritis, skin

involvement in the form of erythema nodosum
and pyoderma gangrenosum, and ocular complications, as well as various less frequent extraintestinal organ involvement. Other sequelae may
be secondary to intestinal loss of function leading
to malabsorption. Thus, an array of metabolic
disorders such as bone demineralization, nephro-
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lithiasis, and various forms of anemia may occur.
Consequently, CD may cause significant morbidity. Moreover, increased mortality was reported by
several authors.1–3 Because of its variable
behavior, attempts were made to classify disease
in order to adapt treatment accordingly. The most
recent and widely used is the Montreal
classification which takes into account the age of
presentation, involved organs, disease behavior
(inflammatory, stricturing, or fistulizing), and
whether perianal involvement is present.4 The
clinical complexity of CD is intensified by the
variable frequency of disease flares which have an
obvious impact on patient well-being. Cohort
studies from recent years have demonstrated that
shifting from one disease phenotype to another is
frequent during the life course of patients. In one
landmark study it was shown that up to 80% of
the patients will suffer from a stricturing or penetrating complication over 20 years of follow-up.5
The observation of changing disease patterns
and accumulation of tissue damage over time
suggests that it may be the result of repeated
inflammatory activity during flares and hence
potentially preventable by administration of
appropriate treatment. Although straightforward,
this simple logic is difficult to practice when
reduced to practical cost–benefit terms, both from
the patients’ well-being and actual cost perspectives. Implementation of successful preventive
treatment would have to provide effective therapy
and assure that side effects and cost are in
proportion to clinical efficacy. Establishing such
treatment strategy necessitates tools that allow
quantification of tissue damage, scaling and
quantifying treatment side effects, and, most
importantly, delivering care to those who are most
likely to benefit from it. The last-mentioned point
requires identification of predictive biomarkers to
recognize not only patients who will suffer from a
progressive disease course but also those who will
respond to a given treatment.6 Moreover, once
these patients are identified, other predictive
biomarkers will define those in whom response
will actually be associated with tissue damage
prevention and among them, those in whom side
effects would be tolerable. The substantial
variability of disease behavior and drug
metabolism and response, combined with our
relative ignorance of drug mechanisms of action
and long-term effects, make the implementation
of this approach a complex task. However, the

Rambam Maimonides Medical Journal

understanding that improving patient quality of
life depends on such treatment has actually
changed the way it is perceived with a shift from
an emphasis on symptom control to attempts to
modify disease course and outcomes.7 This
understanding has led to efforts for creating the
appropriate tools for practicing preventive care
and to the understanding that it would have to be
tailored and personalized as much as possible. For
example, an international task force has recently
created a novel MRI-based tool to measure disease
damage (as opposed to disease activity)8 and a tool
to measure patient disability based on
international standards.9 Availability of such
measurements is imperative for assessment of
various treatment approaches.
PREDICTING DISEASE COURSE
Categorization and definition of the various
disease phenotypes is a first step for tailoring
therapy because treatments can be subsequently
matched accordingly. The most available and
straightforward approach is the use of clinical
parameters. The combined information obtained
by these measures is used to identify patients at
high risk of a more aggressive disease course. A
number of studies examined clinical characteristics and aimed to identify patients at risk for a
complicated disease course. For example,
Beaugerie at al. defined disabling disease as need
for hospitalization, two or more steroid courses, or
need for immunosuppressive therapy. They
identified risk factors including age <40 at time of
diagnosis, presence of perianal disease, and
requirement for steroids at first flare as risk
factors for a complicated course. The authors
noted that a combination of two or three risk
factors had a positive predictive value for complicated disease of 0.91 and 0.93, respectively.10
These parameters were partially corroborated in
other studies.11,12
Another way to approach this challenge is to
probe into disease pathogenesis. Such approach
may actually allow tackling the problem from its
very beginning. However, the precise pathogenesis
of CD is unknown. Nonetheless, during recent
years a paradigm of disease pathogenesis has
emerged in which it is envisioned that CD is
caused by an environmental insult in a genetically
susceptible host which results in an inappropriate
immune response that in turn leads to tissue
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damage.13 Of these, the more tangible component
is the genetic background.
The first and very significant insight into the
genetic background of CD has been published in
2001 when two groups independently reported on
the association of CD with NOD2/CARD15.14,15
Three NOD2 polymorphisms have been associated
with up to 40% of CD patients in Western populations. However, these polymorphisms are absent
in the Asian CD patient population, and other
genetic polymorphisms seem to be involved in
disease pathogenesis of these patients.16 Other
major genetic associations described were with the
autophagy pathway17 and the IL-23 receptor
genes.18 There appears to be some interaction
between the different relevant genetic associations. For example, the NOD2 protein and
ATG16L1 co-localize at bacterial entry location, a
function which appears to be altered in cases of a
NOD2 frame shift mutation.19 These observations
suggest that genetic variability in mechanisms of
processing and presentation of bacterial antigens
to the gut innate immune system are important in
the pathogenesis of CD.
It is notable that all major pathways implicated
by genetic studies to be involved in CD
pathogenesis seem to be involved in multiple
physiologic processes, and their exact role in
disease pathogenesis is not clear. Hence, alteration in NOD2 was suggested to poorly regulate
TLR2 signaling,20 to be associated with defective
mucosal defensin secretion,21,22 and to lead to
unregulated IL-1 secretion.23 Despite the fact that
CD presents as an immune mediated disorder, i.e.
tissue damage is caused by overactivation of the
immune system, later studies have suggested that
NOD2 polymorphisms may be associated with a
reduced inflammatory response.24 Similarly,
autophagy is involved in many cellular processes
including an anabolic function, antigen presentation, and handling of intracellular bacteria.25 The
IL-23 pathway is no exception. IL-23 has a role in
maturation of IL-17-secreting cells and was shown
in animal models to be of major importance in
mediating intestinal inflammation.26 Furthermore, blocking the p40 subunit of IL-23 (and also
IL-12) by monoclonal antibodies was shown to be
efficacious in clinical studies.27 Thus, intuitively
one can assume that the protective polymorphism
in the IL-23 receptor results in down-regulation of
a proinflammatory response. However, a trial in
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which anti-IL-17, the downstream cytokine of IL23, was blocked was negative, and signs for
exacerbation of inflammation could be detected.28
In hindsight, these results are not completely
surprising in view of two studies in which
intestinal (as opposed to peripheral) IL-17secreting cells were shown to have a suppressor
phenotype both in mice29 and in humans.30
Taken together, the function of the major three
pathways that were associated with CD by genetic
studies is variable and can lead to many plausible
disease mechanisms and hence a clear paradigm
by which the disease can be categorized and the
pathogenic mechanisms elucidated and targeted is
still not in hand. Furthermore, the different
genetic background of Asian and Western
hemisphere CD patients may suggest that CD is
not a disease that results from one mechanism,
but rather a syndrome in which the various
clinical outcomes represent a pattern of response
to different pathogenic pathways. Therefore, it is
not surprising that an attempt to categorize CD
patients according to their genetic background
was only marginally successful31 and does not
provide the needed predictive assay. A further hint
of the reasons underlying the difficulties in classifying CD according to the genetic background may
be that over 160 loci have been associated with
inflammatory bowel diseases (both CD and ulcerative colitis), of which many overlap. This type of
overlap may be even more apparent when only
colonic CD is considered.32–34
Additional modalities may be used as markers
to categorize CD:
 Endoscopy: Endoscopy offers the opportunity to observe the diseased organ
directly. In order to be useful, standardized
scales and definitions were developed. The
CD endoscopic index of severity (CDEIS)35
and the simple endoscopic index of severity
(SES-CD)36 were developed and validated.
The predictive value of colonic endoscopic
findings was demonstrated in a study which
showed that in colonic CD severe endoscopic lesions were associated with
increased risk of colectomy.37 Similarly,
severe post-surgical ileal mucosal lesions
were associated with worse outcome.38
However, more data are needed to substantiate these observations and include them in
an algorithm for selecting treatment.
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 Biomarkers: C-reactive protein (CRP) is
considered a marker of inflammation, and
elevated CRP levels correlate with active
disease.39,40 CRP was also used as a
predictor for later surgery in CD ileitis
patients.41 CRP levels were found to be
predictive for long-term treatment response
both as a predictor of relapse after cessation
of azathioprine treatment42 and for maintenance of response in infliximab-treated
patients.43,44 However, not all patients
respond equally with elevated CRP to
inflammation. For example, in one study it
was demonstrated that the 717 mutant
homozygote and heterozygote status in the
CRP-encoding gene was associated with
lower CRP levels,43 and in another study up
to 30% of patients with active inflammation
did not have elevated CRP levels.45 Fecal
calprotectin is another marker of intestinal
inflammation that is increasingly used in
clinical practice. It was shown to correlate
with intestinal inflammation46 and to
predict clinical relapse,47 although it was
shown to be less useful for ileal CD.48 In a
recent meta-analysis of 672 patients (of
whom 354 had CD) fecal calprotectin was
78% sensitive and 73% specific, with ROC of
0.83, in predicting relapse in quiescent
inflammatory bowel disease (IBD).49 Thus,
inflammatory surrogate markers can assist
in determining the presence of active
inflammation, long-term risk of surgery,
and risk of relapse. However, more studies
are needed to substantiate these observations, and the ability to rely on these
markers is not inclusive of all patients.
 Serology: A number of studies have
demonstrated that CD patients develop
antibodies against various microbial
antigens. Studies have demonstrated
patterns of antibody responses to be associated with specific CD patient characteristics. Thus, in one study, anti-CBir1
antibodies (against Escherichia coli flagellin) were associated with fibrostenosis,
internal penetrating disease, small bowel
involvement, and surgery. Interestingly, a
possible link to genetic predisposition was
suggested by the demonstration that titers
of anti-CBir1 were significantly higher in
patients with CD carrying at least one
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NOD2 variant as compared to those
carrying no variant.50 In an additional study
the investigators tested the association of
three microbial-related antibodies with clinical patient characteristics. They demonstrated that patients expressing antiPseudomonas bacterial component (I2)
antibodies were more likely to have fibrostenosing disease and to undergo small
bowel surgery, and that patients with antiEscherichia coli outer membrane porin C
(OmpC) were more likely to have internal
perforating disease and also underwent
more small bowel surgery. Patients positive
for I2, OmpC, and anti-Saccharomyces
cerevisiae (ASCA) were the most likely to
need small bowel surgery (72.0%; odds
ratio 8.6; P< 0.001) compared with patients
without such reactivity (23.0%).51 The
association of anti-microbial antibodies
with disease phenotypes was further
extended and was shown to predict disease
behavior. Positive serology for anti-glycan
antibodies gASCA, AMCA, ACCA, and AntiL predicted a faster progression to a severe
disease course.52
Recently, a novel approach for predicting
disease behavior was published. The investigators
prospectively performed gene expression analysis
in CD8+ cells obtained from CD and ulcerative
colitis (UC) patients and followed patients up to
700 days (albeit in small numbers). They were
able to demonstrate that transcriptional profiling
allowed prediction of an aggressive disease course
and that this method was superior to ASCA
positivity and clinical parameters.53
In summary, clinical, serologic, genetic, and
functional data are available suggesting that CD
disease behavior can be predicted. However, many
additional studies are needed in order to confirm
and compare these observations. In light of the
fact that CD seems to involve numerous pathophysiologic processes and result from at least a
number of disease mechanisms, likely, an algorithm combining all modalities may yield the best
results for predicting the outcome of this heterogeneous disease.
DRUG THERAPY
The other important component in the therapeutic
equation is drug therapy. The treatment of CD
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mirrors the fact that the exact disease mechanisms
are unknown and hence treatment is based on
suppressing the immune system. It should be
noted that due to the fact that at least in some
patients CD may result from a selective immune
deficiency (discussed above), future therapies may
involve the opposite direction of immune
enhancement. Indeed, treatment with granulocyte
macrophage colony-stimulating factor (GM-CSF),
an innate immune activator, was successfully used
to induce remission in CD patients.54,55 These
results necessitate further validation. However,
despite the report of this experimental approach,
the majority of treatments still apply immune
suppression.
Steroids have been used for decades to treat
active CD and are associated with a good effect for
inducing remission.56 However, their use is associated with multiple side effects, both metabolic and
those resulting from their immune-suppressing
activity.57 Moreover, studies have shown that even
when mucosal healing is induced by steroid
treatment, the risk for subsequent disease flares is
not changed.58 Because of this combination,
steroids are used as little as possible for induction
of remission only, and achievement of steroid-free
remission is a major therapeutic goal.
Thiopurines have been used for many years to
treat CD and were shown to be effective in
maintenance of remission and steroid sparing.59,60
However, their effect on the natural history of CD
is uncertain, although a recently published trial in
which responding, thiopurine-treated patients
were compared to non-responders demonstrated
reduced rates of abdominal and perianal
surgeries, albeit a mildly increased cancer rate in
responders was noted.61 An adequate treatment
response depends on proper drug dosing.
Thiopurines are metabolized in the liver, and
generation of adequate drug levels depends on this
metabolism as well as on tissue distribution.
Although the mechanism of action of thiopurines
is not fully elucidated, metabolite levels have been
suggested to be associated with response and can
be used to aid in management of dosing and
possibly liver toxicity.62 The main enzyme
involved in generation of the active metabolite 6thioguanin is thiopurine methyltransferase
(TPMT). Genetic typing of this enzyme may aid in
identifying patients at risk to develop early
neutropenia.63
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An increased risk of cancer is a major concern
in thiopurine-treated patients. In a landmark
study Beaugerie et al. assessed the risk of lymphoproliferative disorders according to thiopurine
exposure. The median follow-up was 35 months.
The study population consisted of 5867 patients
receiving thiopurines, 2809 who discontinued
therapy, and 10,810 controls who never received
thiopurines. A total of 23 new cases of lymphoproliferative disorder were diagnosed, of which
one was a Hodgkin’s lymphoma, and 22 were nonHodgkin lymphomas. The incidence of lymphoma
was 0.90 per 1000 patient-years (95% CI 0.50–
1.49) for thiopurine-treated patients compared to
0.20 per 1000 (0.02–0.72) patient-years in those
who discontinued treatment and 0.26 per 1000
(0.10–0.57) patient-years in those who had never
received thiopurines (P = 0.0054). The hazard
ratio of lymphoproliferative disorder between
patients receiving thiopurines and those who had
never received these drugs was 5.28 (2.01–13.9,
P = 0.0007).64 Another risk of thiopurine therapy
is for young males (<35 years), who were reported
to develop lymphoproliferative disorders after
EBV infection in EBV-naïve patients.65 Hepatosplenic T cell lymphoma is also a risk, particularly
when treatment is combined with anti-TNF agents
for more than 2 years in young males.66 Another
major risk is of bone-marrow suppression which
may occur already at the start of therapy in
genetically susceptible hosts.63
Anti-TNF agents have revolutionized IBD
therapy. Therapy with anti-TNF agents was shown
to induce and maintain remission67 and was also
shown to be effective for fistula closure,68,69 which
is significantly superior to any other drug used for
this purpose. Moreover, early treatment with antiTNF agents (top-down approach) was shown to be
superior to conventional therapy for achieving
long-term mucosal healing as compared to
patients treated conventionally with steroids first
and immunosuppressive later on (step-up
approach).70 Finally, anti-TNF therapy was shown
to reduce hospitalizations and surgery rates.67,71
These robust results raised the possibility of
changing the natural disease course and were a
main driver for the development of damage and
disability measurement tools mentioned above.
Recent data also demonstrated that the combination of immunosuppressive therapy with anti-TNF
was superior to either agent alone.72
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Optimizing anti-TNF treatment is an evolving
effort. Although there are no internationally
accepted standards for therapeutic levels of drug
or anti-drug antibodies, their measurement
appears to correlate with response and loss of
response (LOR), respectively.73,74 The antibody
response is particularly heterogeneous, and many
efforts are needed to fully comprehend its clinical
significance.75
It is exactly the potent nature of these agents
that elicits concerns regarding the side effects they
may cause. Similar to other agents that suppress
the immune system, the two main concerns are
increased incidence of malignancies and serious
infections. There is an inherent difficulty to
measure cancer risk for patients treated by antiTNF agents only because many are treated by
combination with immunosuppressives such as
thiopurines and steroids. In one study using metaanalysis, the standardized incidence ration of
lymphoma in IBD patients treated by anti-TNF
was estimated to be 1.7 as compared to patients
treated by immunomodulation only.76 However, in
a cohort of 6273 CD patients treated by infliximab
and followed for 5 years no increased risk for
lymphoma was noted. It is noteworthy that steroid
treatment, narcotic analgesic treatment, and
advanced age were risk factors for increased
mortality, and that disease severity, steroid treatment, narcotic analgesic treatment, and infliximab
were risk factors for serious infections.77
The use of these potent medications is further
complicated by the fact that response rates are
variable. Thus, in a meta-analysis the number
needed to treat for induction of remission by
thiopurines was five,59 and for maintenance of
remission it was six.60 Response rates in
individual trials ranged from 67%78 to as low as
30%.72 The response to anti-TNF agents is also not
universal with approximately 20%–30% being
primary non-responders79 and 23%–46% or 5%–
13% losing response during treatment depending
on the definition of LOR.75 The main mechanism
for LOR is immunogenicity towards the anti-TNF
agent, a phenomenon which can be partially
prevented both by concurrent co-treatment with
immunomodulators67 and possibly also after the
occurrence of anti-drug antibodies.80
Taken together, the treatment of CD presents a
highly complex mosaic of pathophysiologic
mechanisms, disease patterns which are diverse
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on presentation and change during its course,
uncertainty regarding response to drugs, drug
interactions which can be beneficial but may also
potentiate significant and even lethal side effects,
and lack of proof regarding their long-term
efficacy to change the course of disease. This
therapeutic environment creates numerous
situations in which decisions have to be taken
under conditions of uncertainty, and eventually
the final decision depends not only on facts, but
also on the personality and subjective points of
view of both the patient and physician. It is very
hard to form strict treatment guidelines that will
fit all CD patients, and tailoring therapy would be
the only truly valid solution. Such personal
treatment would have to involve matching of
disease mechanisms to what appears to be a more
correct definition of a specific CD syndrome
variant, the ability to combine and synthesize the
different prognostic tools to predict disease
behavior, and the propensity of the specific variant
to respond to a given therapy. Therapy itself would
have to be matched to the patient by the ability to
foresee a positive response and predict side effects
(Figure 1). Finally, taking all the above into
consideration, the algorithm will have to provide
an answer to the patient: is the benefit worth the
risk for me?
Little data is available to weigh treatment risks
versus benefits. In a recent publication based on a
single trial with a strictly defined patient
population treatment success outweighed the risk
of side effects.81 However, the specific patient
population, the specific drugs analyzed, and the
short follow-up period only reiterate the difficulty
in obtaining such solution for the variable CD
patient population. Another study demonstrated
that patients place symptom control in high
priority and are willing to tolerate the risks,82
which is an important consideration when
treatment is formulated.
CONCLUSION
With the advancement of research, the wide array
of new drugs which affect different disease
mechanisms, and the increasing understanding of
CD pathogenesis, the relevance of various
biomarkers, and the natural course and response
to treatment, it is mainly a question of time before
highly efficacious, safe and personal treatment is
available to CD patients.
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Figure 1. Matching therapy to patients by foreseeing a positive response and predicting side effects.

REFERENCES
1.

Duricova D, Pedersen N, Elkjaer M, Gamborg M,
Munkholm P, Jess T. Overall and cause-specific
mortality in Crohn's disease: a meta-analysis of
population-based studies. Inflamm Bowel Dis
2010;16:347–53. Full Text

2.

Jess T, Loftus EV Jr, Harmsen WS, et al. Survival
and cause specific mortality in patients with
inflammatory bowel disease: a long term outcome
study in Olmsted County, Minnesota, 1940–2004.
Gut 2006;55:1248–54. Full Text

3.

Canavan C, Abrams KR, Mayberry JF. Metaanalysis: mortality in Crohn's disease. Aliment
Pharmacol Ther 2007;25:861–70. Full Text

4.

Silverberg MS, Satsangi J, Ahmad T, et al. Toward
an integrated clinical, molecular and serological
classifi¬cation of inflammatory bowel disease:

Rambam Maimonides Medical Journal

Report of a Working Party of the 2005 Montreal
World Congress of Gastroenterology. Can J
Gastroenterol 2005;19 Suppl A:5–36
5.

Cosnes J, Cattan S, Blain A, et al. Long-term
evolution of disease behavior of Crohn's disease.
Inflamm Bowel Dis 2002;8:244–50. Full Text

6.

Miheller P, Kiss LS, Juhasz M, Mandel M, Lakatos
PL. Recommendations for identifying Crohn's
disease patients with poor prognosis. Expert Rev
Clin Immunol 2013;9:65–75. Full Text

7.

Sandborn WJ. Current directions in IBD therapy:
what goals are feasible with biological modifiers?
Gastroenterology 2008;135:1442–7. Full Text

8.

Pariente B, Cosnes J, Danese S, et al. Development
of the Crohn's disease digestive damage score, the
Lemann score. Inflamm Bowel Dis 2011;17:1415–
22. Full Text

7

April 2013  Volume 4  Issue 2  e0011

Taking Crohn’s Disease Personally
9.

Peyrin-Biroulet L, Cieza A, Sandborn WJ, et al.
Development of the first disability index for inflammatory bowel disease based on the international
classification of functioning, disability and health.
Gut 2012;61:241–7. Full Text

10. Beaugerie L, Seksik P, Nion-Larmurier I, Gendre
JP, Cosnes J. Predictors of Crohn's disease.
Gastroenterology 2006;130:650–6. Full Text
11. Tarrant KM, Barclay ML, Frampton CM, Gearry
RB. Perianal disease predicts changes in Crohn's
disease phenotype-results of a population-based
study of inflammatory bowel disease phenotype.
Am J Gastroenterol 2008;103:3082–93. Full Text
12. Loly C, Belaiche J, Louis E. Predictors of severe
Crohn's disease. Scand J Gastroenterol 2008;43:
948–54. Full Text
13. Elson CO. Genes, microbes, and T cells--new
therapeutic targets in Crohn's disease. N Engl J
Med 2002;346:614–6. Full Text
14. Hugot JP, Chamaillard M, Zouali H, et al. Association of NOD2 leucine-rich repeat variants with
susceptibility to Crohn's disease. Nature 2001;411:
599–603. Full Text
15. Ogura Y, Bonen DK, Inohara N, et al. A frameshift
mutation in NOD2 associated with susceptibility to
Crohn's disease. Nature 2001;411:603–6. Full Text
16. Ng SC, Tsoi KK, Kamm MA, et al. Genetics of
inflammatory bowel disease in Asia: systematic
review and meta-analysis. Inflamm Bowel Dis
2012;18:1164–76. Full Text
17. Hampe J, Franke A, Rosenstiel P, et al. A genomewide association scan of nonsynonymous SNPs
identifies a susceptibility variant for Crohn disease
in ATG16L1. Nat Genet 2007;39:207–11. Full Text
18. Duerr RH, Taylor KD, Brant SR, et al. A genomewide association study identifies IL23R as an
inflammatory bowel disease gene. Science
2006;314:1461–3. Full Text
19. Travassos LH, Carneiro LA, Ramjeet M, et al. Nod1
and Nod2 direct autophagy by recruiting ATG16L1
to the plasma membrane at the site of bacterial
entry. Nat Immunol 2010;11:55–62. Full Text
20. Watanabe T, Kitani A, Murray PJ, Strober W.
NOD2 is a negative regulator of Toll-like receptor
2-mediated T helper type 1 responses. Nat
Immunol 2004;5:800–8. Full Text
21. Kobayashi KS, Chamaillard M, Ogura Y, et al.
Nod2-dependent regulation of innate and adaptive
immunity in the intestinal tract. Science 2005;307:
731–4. Full Text

Rambam Maimonides Medical Journal

22. Wehkamp J, Harder J, Weichenthal M, et al. NOD2
(CARD15) mutations in Crohn's disease are
associated with diminished mucosal alpha-defensin
expression. Gut 2004;53:1658–64. Full Text
23. Maeda S, Hsu LC, Liu H, et al. Nod2 mutation in
Crohn's disease potentiates NF-kappaB activity and
IL-1beta processing. Science 2005;307:734–8. Full
Text
24. van Heel DA, Ghosh S, Butler M, et al. Muramyl
dipeptide and toll-like receptor sensitivity in
NOD2-associated Crohn's disease. Lancet 2005;
365:1794–6. Full Text
25. Deretic V. Autophagy in infection. Curr Opin Cell
Biol 2010;22:252–62. Full Text
26. Yen D, Cheung J, Scheerens H, et al. IL-23 is
essential for T cell-mediated colitis and promotes
inflammation via IL-17 and IL-6. J Clin Invest
2006;116:1310–6. Full Text
27. Sandborn WJ, Feagan BG, Fedorak RN, et al. A
randomized trial of Ustekinumab, a human interleukin-12/23 monoclonal antibody, in patients with
moderate-to-severe Crohn's disease. Gastroenterology 2008;135:1130–41. Full Text
28. Hueber W, Sands BE, Lewitzky S, et al. Secukinumab, a human anti-IL-17A monoclonal antibody,
for moderate to severe Crohn's disease: unexpected
results of a randomised, double-blind placebocontrolled trial. Gut 2012;61:1693–700. Full Text
29. Esplugues E, Huber S, Gagliani N, et al. Control of
TH17 cells occurs in the small intestine. Nature
2011;475:514–8. Full Text
30. Hovhannisyan Z, Treatman J, Littman DR, Mayer
L. Characterization of interleukin-17-producing
regulatory T cells in inflamed intestinal mucosa
from patients with inflammatory bowel diseases.
Gastroenterology 2011;140:957–65. Full Text
31. Cleynen I, Mahachie John JM, Henckaerts L, et al.
Molecular reclassification of Crohn's disease by
cluster analysis of genetic variants. PLoS One 2010;
5:e12952. Full Text
32. Franke A, McGovern DP, Barrett JC, et al. Genomewide meta-analysis increases to 71 the number of
confirmed Crohn's disease susceptibility loci. Nat
Genet 2010;42:1118–25. Full Text
33. Anderson CA, Boucher G, Lees CW, et al. Metaanalysis identifies 29 additional ulcerative colitis
risk loci, increasing the number of confirmed associations to 47. Nat Genet 2011;43:246–52. Full Text
34. Fisher SA, Trampling M, Anderson CA, et al.
Genetic determinants of ulcerative colitis include

8

April 2013  Volume 4  Issue 2  e0011

Taking Crohn’s Disease Personally
the ECM1 locus and five loci implicated in Crohn's
disease. Nat Genet 2008;40:710–2. Full Text
35. Mary JY, Modigliani R. Development and validation of an endoscopic index of the severity for
Crohn's disease: a prospective multicentre study.
Groupe d'Etudes Therapeutiques des Affections
Inflammatoires du Tube Digestif (GETAID). Gut
1989;30:983–9. Full Text
36. Daperno M, D'Haens G, Van Assche G, 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.
Full Text
37. Allez M, Lemann M, Bonnet J, Cattan P, Jian R,
Modigliani R. Long term outcome of patients with
active Crohn's disease exhibiting extensive and
deep ulcerations at colonoscopy. Am J Gastroenterol 2002;97:947–53.
38. Rutgeerts P, Geboes K, Vantrappen G, Beyls J,
Kerremans R, Hiele M. Predictability of the postoperative course of Crohn's disease. Gastroenterology 1990;99:956–63.
39. Fagan EA, Dyck RF, Maton PN, et al. Serum levels
of C-reactive protein in Crohn's disease and
ulcerative colitis. Eur J Clin Invest 1982;12:351–9.
Full Text
40. Solem CA, Loftus EV Jr, Tremaine WJ, Harmsen
WS, Zinsmeister AR, Sandborn WJ. Correlation of
C-reactive protein with clinical, endoscopic,
histologic, and radiographic activity in inflammatory bowel disease. Inflamm Bowel Dis 2005;11:
707–12. Full Text
41. Henriksen M, Jahnsen J, Lygren I, et al. C-reactive
protein: a predictive factor and marker of inflammation in inflammatory bowel disease. Results
from a prospective population-based study. Gut
2008;57:1518–23. Full Text
42. Lémann M, Mary JY, Colombel JF, et al. A
randomized, double-blind, controlled withdrawal
trial in Crohn's disease patients in long-term
remission on azathioprine. Gastroenterology 2005;
128:1812–8. Full Text
43. Reinisch W, Wang Y, Oddens BJ, Link R. C-reactive
protein, an indicator for maintained response or
remission to infliximab in patients with Crohn's
disease: a post-hoc analysis from ACCENT I.
Aliment Pharmacol Ther 2012;35:568–76. Full Text
44. Jones J, Loftus EV Jr, Panaccione R, et al.
Relationships between disease activity and serum
and fecal biomarkers in patients with Crohn's
disease. Clin Gastroenterol Hepatol 2008;6:1218–
24. Full Text

Rambam Maimonides Medical Journal

45. Kiss LS, Papp M, Lovasz BD, et al. High-sensitivity
C-reactive protein for identification of disease
phenotype, active disease, and clinical relapses in
Crohn's disease: a marker for patient classification?
Inflamm Bowel Dis 2012;18:1647–54. Full Text
46. Langhorst J, Elsenbruch S, Koelzer J, Rueffer A,
Michalsen A, Dobos GJ. Noninvasive markers in
the assessment of intestinal inflammation in
inflammatory bowel diseases: performance of fecal
lactoferrin, calprotectin, and PMN-elastase, CRP,
and clinical indices. Am J Gastroenterol 2008;103:
162–9. Full Text
47. Costa F, Mumolo MG, Ceccarelli L, et al.
Calprotectin is a stronger predictive marker of
relapse in ulcerative colitis than in Crohn's disease.
Gut 2005;54:364–8. Full Text
48. García-Sánchez V, Iglesias-Flores E, González R, et
al. Does fecal calprotectin predict relapse in
patients with Crohn's disease and ulcerative colitis?
J Crohns Colitis 2010;4:144–52. Full Text
49. Mao R, Xiao YL, Gao X, et al. Fecal calprotectin in
predicting relapse of inflammatory bowel diseases:
a meta-analysis of prospective studies. Inflamm
Bowel Dis 2012;18:1894–9. Full Text
50. Papadakis KA, Yang H, Ippoliti A, et al. Antiflagellin (CBir1) phenotypic and genetic Crohn's
disease associations. Inflamm Bowel Dis 2007;13:
524–30. Full Text
51. Mow WS, Vasiliauskas EA, Lin YC, et al. Association of antibody responses to microbial antigens
and complications of small bowel Crohn's disease.
Gastroenterology 2004;126:414–24. Full Text
52. Rieder F, Schleder S, Wolf A, et al. Serum antiglycan antibodies predict complicated Crohn's
disease behavior: a cohort study. Inflamm Bowel
Dis 2010;16:1367–75. Full Text
53. Lee JC, Lyons PA, McKinney EF, et al. Gene expres-

sion profiling of CD8+ T cells predicts prognosis in
patients with Crohn disease and ulcerative colitis. J
Clin Invest 2011;121:4170–9. Full Text
54. Korzenik JR, Dieckgraefe BK, Valentine JF,
Hausman DF, Gilbert MJ. Sargramostim for active
Crohn's disease. N Engl J Med 2005;352:2193–201.
Full Text
55. Valentine JF, Fedorak RN, Feagan B, et al. Steroidsparing properties of sargramostim in patients with
corticosteroid-dependent Crohn's disease: a randomised, double-blind, placebo-controlled, phase 2
study. Gut 2009;58:1354–62. Full Text
56. Summers RW, Switz DM, Sessions JT Jr, et al.
National Cooperative Crohn's Disease Study:

9

April 2013  Volume 4  Issue 2  e0011

Taking Crohn’s Disease Personally
results of drug treatment. Gastroenterology 1979;77
(4 Pt 2):847–69.

ACCENT I randomised trial. Lancet 2002;359:
1541–9. Full Text

57. Singleton JW, Law DH, Kelley ML Jr, Mekhjian
HS, Sturdevant RA. National Cooperative Crohn's
Disease Study: adverse reactions to study drugs.
Gastroenterology 1979;77(4 Pt 2):870–82.

68. Present DH, Rutgeerts P, Targan S, et al. Infliximab
for the treatment of fistulas in patients with
Crohn's disease. N Engl J Med 1999;340:1398–
405. Full Text

58. Landi B, Anh TN, Cortot A, et al. Endoscopic
monitoring of Crohn's disease treatment: a
prospective, randomized clinical trial. The Groupe
d'Etudes Therapeutiques des Affections Inflammatoires Digestives. Gastroenterology 1992;102:1647–
53.

69. Sands BE, Anderson FH, Bernstein CN, et al.
Infliximab maintenance therapy for fistulizing
Crohn's disease. N Engl J Med 2004;350:876–85.
Full Text

59. Prefontaine E, Macdonald JK, Sutherland LR.
Azathioprine or 6-mercaptopurine for induction of
remission in Crohn's disease. Cochrane Database
Syst Rev 2009;(4):CD000545.
60. Prefontaine E, Sutherland LR, Macdonald JK,
Cepoiu M. Azathioprine or 6-mercaptopurine for
maintenance of remission in Crohn's disease.
Cochrane Database Syst Rev 2009;(1):CD000067.
61. Camus M, Seksik P, Bourrier A, et al. Long-term
outcome of patients with Crohn's disease who
respond to azathioprine. Clin Gastroenterol
Hepatol 2012 Nov 6. [Epub ahead of print]. Full
Text
62. Dubinsky MC, Lamothe S, Yang HY, et al.
Pharmacogenomics and metabolite measurement
for 6-mercaptopurine therapy in inflammatory
bowel disease. Gastroenterology 2000;118:705–13.
Full Text
63. Colombel JF, Ferrari N, Debuysere H, et al.
Genotypic analysis of thiopurine S-methyltransferase in patients with Crohn's disease and severe
myelosuppression during azathioprine therapy.
Gastroenterology 2000;118:1025–30. Full Text
64. Beaugerie L, Brousse N, Bouvier AM, et al.
Lymphoproliferative disorders in patients receiving
thiopurines for inflammatory bowel disease: a
prospective observational cohort study. Lancet
2009;374:1617–25. Full Text
65. Beaugerie L, Brousse N, Bouvier AM, et al. Clinical
similarities and differences of patients with Xlinked lymphoproliferative syndrome type 1 (XLP1/SAP deficiency) versus type 2 (XLP-2/XIAP
deficiency). Blood 2011;117:1522–9. Full Text
66. Kotlyar DS, Osterman MT, Diamond RH, et al. A
systematic review of factors that contribute to
hepatosplenic T-cell lymphoma in patients with
inflammatory bowel disease. Clin Gastroenterol
Hepatol 2011;9:36–41 e1.
67. Hanauer SB, Feagan BG, Lichtenstein GR, et al.
Maintenance infliximab for Crohn's disease: the

Rambam Maimonides Medical Journal

70. D'Haens G, Baert F, van Assche G, et al. Early
combined immunosuppression or conventional
management in patients with newly diagnosed
Crohn's disease: an open randomised trial. Lancet
2008;371:660–7. Full Text
71. Rutgeerts P, Diamond RH, Bala M, et al. Scheduled
maintenance treatment with infliximab is superior
to episodic treatment for the healing of mucosal
ulceration associated with Crohn's disease.
Gastrointest Endosc 2006;63:433–42; quiz 464.
Full Text
72. Colombel JF, Sandborn WJ, Reinisch W, et al.
Infliximab, azathioprine, or combination therapy
for Crohn's disease. N Engl J Med 2010;362:1383–
95. Full Text
73. Baert F, Noman M, Vermeire S, et al. Influence of
immunogenicity on the long-term efficacy of
infliximab in Crohn's disease. N Engl J Med 2003;
348:601–8. Full Text
74. Karmiris K, Paintaud G, Noman M, et al. Influence
of trough serum levels and immunogenicity on
long-term outcome of adalimumab therapy in
Crohn's disease. Gastroenterology 2009;137:1628–
40. Full Text
75. Ben-Horin S, Chowers Y. Review article: loss of
response to anti-TNF treatments in Crohn's
disease. Aliment Pharmacol Ther 2011;33:987–95.
Full Text
76. Siegel CA, Marden SM, Persing SM, Larson RJ,
Sands BE. Risk of lymphoma associated with
combination anti-tumor necrosis factor and
immunomodulator therapy for the treatment of
Crohn's
disease:
a
meta-analysis.
Clin
Gastroenterol Hepatol 2009;7:874–81. Full Text
77. Lichtenstein GR, Feagan BG, Cohen RD, et al.
Serious infection and mortality in patients with
Crohn's disease: more than 5 years of follow-up in
the TREAT registry. Am J Gastroenterol 2012;107:
1409–22. Full Text
78. Present DH, Korelitz BI, Wisch N, Glass JL, Sachar
DB, Pasternack BS. Treatment of Crohn's disease
with 6-mercaptopurine. A long-term, randomized,

10

April 2013  Volume 4  Issue 2  e0011

Taking Crohn’s Disease Personally
double-blind study. N Engl J Med 1980;302:981–7.
Full Text
79. Targan SR, Hanauer SB, van Deventer SJ, et al. A
short-term study of chimeric monoclonal antibody
cA2 to tumor necrosis factor alpha for Crohn's
disease. Crohn's Disease cA2 Study Group. N Engl J
Med 1997;337:1029–35. Full Text
80. Ben-Horin S, Waterman M, Kopylov U, et al.
Addition of an immunomodulator to infliximab
therapy eliminates antidrug antibodies in serum
and restores clinical response of patients with
inflammatory bowel disease. Clin Gastroenterol

Rambam Maimonides Medical Journal

Hepatol 2012 Oct 24. pii: S1542–3565(12)01275-X.
doi: 10.1016/j.cgh.2012.10.020. [Epub ahead of
print] Full Text
81. Siegel CA, Finlayson SR, Sands BE, Tosteson AN.
Adverse events do not outweigh benefits of
combination therapy for Crohn's disease in a
decision analytic model. Clin Gastroenterol Hepatol
2012;10:46–51. Full Text
82. Johnson FR, Ozdemir S, Mansfield C, et al. Crohn's
disease patients' risk-benefit preferences: serious
adverse event risks versus treatment efficacy.
Gastroenterology 2007;133:769–79. Full Text

11

April 2013  Volume 4  Issue 2  e0011

