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Inflammatory Bowell Disease
Inflammatory Bowel Disease (IBD) is a chronic disabling disease of the
gastrointestinal tract and comprises of Crohn’s disease (CD), Ulcerative Colitis (UC)
and unclassified colitis (IBDU). IBD is a multifactorial disease. Aside from the
intestinal microflora, environmental triggers and the immune response, genetic
susceptibility plays an important role in the development of IBD. CD is characterized
by a transmural inflammation, and can occur in any part of the gastrointestinal tract,
from the oral cavity to the anus1. Ulcerative Colitis is defined as a chronic
inflammatory condition causing continuous mucosal inflammation of the colon,
affecting the rectum and a variable extent of the colon in continuity2. The term IBDU is used for patients presenting with IBD restricted to the colon, without the specific
features of either CD or UC2. The overlapping symptoms of IBD are dominated by
abdominal pain, nausea, vomiting, weight loss, fever and diarrhoea, often
accompanied by rectal blood and/or mucus loss.
Epidemiology
Epidemiologic data suggests the prevalence of IBD reaches up to 396/100,000
persons. The worldwide incidence of UC varies between 0.5-24.5/100,000, while the
incidence of CD varies between 0.1-16/100,000 persons3. The epidemiology of IBD is
known to vary across the world4. The highest incidence rates of IBD are reported
from Northern Europe, the United Kingdom and North America5. A Dutch
population-based cohort study showed the Netherlands to have a relatively high IBD
incidence rate6. However, data on the epidemiology as well as disease extent and
severity at presentation in the era of easily available new imaging modalities such as
magnetic resonance imaging (MRI) as well as higher physicians’ awareness of IBD
and presumable earlier referral for endoscopy, are lacking7. In addition,
epidemiology and clinical characteristics of inflammatory bowel disease (IBD) at
diagnosis at the population level in the era of biologics in the Netherlands, are
limited6.
Disease characteristics
There is considerable variation in the disease severity and progression in patients
suffering from IBD. IBD patients experience times of remission of their disease but
are also prone to relapse and it has been demonstrated that IBD can evolve to a more
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complicated phenotype8-11. In CD, the entire extent of the gastrointestinal tract can
be involved. According to the Montreal classification, CD is divided into terminal
ileitis, colonic disease and disease of both ileum and colon. Additionally, the upper
gastrointestinal tract can be involved. Areas of inflammation typically reveal
discontinuous transmural inflammation that, depending upon their location and
severity, often leads to development of stricturing or penetrating disease.
Penetrating disease can present itself as fistulas or abscesses.
The inflammation in UC is characterized by continuous inflammation limited to the
mucosal layers and occasionally the submucosa of the colon. Typically, in adult UC,
the disease often involves the rectum, and extends proximally, but remains
restricted to the colon, even though backwash ileitis can be seen.
Disease complications
Aside from bowel involvement, up until 35% of IBD patients suffer from
extraintestinal manifestations, such as uveitis, episcleritis, erythema nodosum,
pyoderma gangrenosum, primary sclerosing cholangitis, ankylosing spondylitis, or
arthritis1, 2. Furthermore, the risk at developing penetrating disease such as perianal
abscesses, fistula and fissures, varies from 25 to 80%1, 3, 4, 12-15. The cumulative
incidence of perianal fistulas is estimated at 23-26% after 20 years of CD16, 17.
The impact of extraintestinal manifestations on physical, social as well as the
emotional well-being of patients is substantial and the disease profoundly decreases
the quality of life18. Considering the effect of these complications on everyday life
and the quality of life, IBD is to be considered an invalidating disease.
Past and Current treatment
At present, no treatment exists that can lead to a definitive cure for IBD. As such, the
treatment goal is to provide long-term clinical remission without disease
progression. In CD, therapeutic strategies aim to prevent stricturing disease,
penetrating disease and other CD related complications leading to surgery. In UC,
therapeutic strategies aim to reduce acute and chronic inflammation ultimately
resulting in clinical and endoscopic remission, to prevent surgery and to prevent or
treat complications19. Recently mucosal healing is added to these factors, based on
the fact that deep ulcers in CD patients are associated with an increased risk of
penetrating disease and surgery20. Furthermore, an extensive inflammation in UC is
associated with an increased risk of colectomy21.
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The standard of treatment is sequential use of therapeutics with an incremental
severity (‘step-up’ treatment). At first, patients are treated with 5-aminosalicylic acid
(5ASA) (mesalazine or sulfasalazine) or steroids (budesonide, prednisone,
dexamethasone). However, steroids cannot be used as maintenance therapy, which
is why, in case of worsening disease, immunosuppression (IS) with thiopurine agents,
such as azathioprine (AZA) and mercaptopurine (MP), cyclosporine, or methotrexate
(MTX) are added in order to maintain remission.
These immunosuppressive drugs all have limited value for the induction of remission
and are beneficial for less than half of the patients who suffer from steroid
dependency or resistance22. In the last two decades, the introduction of the antitumour necrosis factor-α (anti-TNFα) drugs (e.g. Infliximab and Adalimumab) and
more recently the anti-α4β7 drug Vedolizumab, have expanded the treatment
arsenal with drugs potent for both inducing remission as well as maintaining
remission, not only in luminal disease, but also for extraintestinal manifestations2328
.Although immunosuppressives are increasingly used, the need for intestinal
surgery remains unchanged, as 25-61% of newly diagnosed IBD require surgery at
least once within the first five years after diagnosis11, 29, 30. Additionally, anti-TNFα
treatments are not effective in 20-40% of IBD patients and a substantial proportion
of the patients may experience loss of response and/or side effects, which often
makes surgery unavoidable23, 31-35. The last step in the step-up therapeutic pyramid,
has been long since reserved for surgery, despite the fact that resection of the
inflamed bowel does not interrupt the progression of the disease in CD patients36.
Currently, three therapeutic strategies are known, being the conventional step-up
strategy, an accelerated step-up strategy and the top-down strategy. The last decade
there has been a shift in treatment goals from symptomatic control to sustained
clinical and endoscopic remission37-42. Treatment strategies have therefore changed,
from conventional step up to early introduction of immunomodulators and/or antianti-TNFα (the accelerated approach), including a more stringent assessment of
disease activity and rapid therapeutic escalation to achieve tight control of the
inflammation.
The top-down strategy is increasingly advocated as a therapeutic option for IBDpatients with a predicted worse disease outcome, for example young patients with
perianal fistula. This in order to achieve early deep remission and with that prevent
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Figure 1│step-up therapy pyramid
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patients with a predicted worse disease outcome, for example young patients with
perianal fistula. This in order to achieve early deep remission and with that prevent
disease progression43. The top-down strategy is based on the assumption that
inadequate control of inflammation in patients with IBD is associated with a poor
prognosis44, 45. In this strategy, biologics, are introduced early in the disease course.
In patients with rheumatoid arthritis and children with IBD a top-down strategy has
already been proven to be effective in inhibiting progression and achieving earlier
clinical remission46-48. The step up top down study by D’Haens et al. showed the topdown strategy was more effective than conventional management for induction of
remission49. However, if mucosal healing was achieved within two years of diagnosis,
70% of patients remained in a stable clinical remission during the following two years
despite the followed strategy49. This indicates that aiming for mucosal healing may
lead to better outcomes for IBD patients. However, it remains to be proven that the
top-down will be the best approach for all patients as approximately 20% of newly
diagnosed adult IBD patients will experience a quiescent disease course without
requiring the drugs in the top end of the therapeutic pyramid50-53. Furthermore antiTNFα therapy contributes significantly to the IBD related health care costs as it
accounts for 64% and 31% of the total cost in respectively CD and UC 54.
Future IBD treatment
Thus, instead of using a fixed strategy, a tailored treatment will be more appropriate.
Inflammation markers such as C-reactive protein (CRP), certain cytokines, faecal
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calprotectin (FC), lactoferrin (LF), white blood cell count and platelets, have been
described to have a predictive value in IBD disease course55. However some of these
markers lack specificity and sensitivity for the severity or extensiveness of mucosal
inflammation and they are unable to predict outcome56-59.
For tailored treatment, predictive factors related to adverse disease outcome are
required. But in order to identify suitable factors, it is important to first define
adverse outcome. Several definitions have been published and these include:
enduring steroid requirement, hospitalization, presence of disabling chronic
symptoms; need for immunosuppressive therapy and intestinal resection or surgical
operation for perianal disease60, 61. Despite this, the definition of a disabling IBD
disease outcome continues to be the subject of discussion.
In the future, even more tailored strategies will include treatment according to the
individual patients’ genetic profile. Genome-wide association studies (GWAS) have
identified over 163 single-nucleotide polymorphisms (SNPs) that are associated with
IBD62,63. An example is a SNP in the neutrophil cytosolic factor four (NCF4) gene
encoding the p40phox NDPH protein, which has been identified as a risk gene for CD.
Although being non-coding, this SNP does seem to lead to an altered function of the
gene, as it impairs granulocyte function resulting in a decreased ROS production64.
In CD patients with this SNP, tailored treatments stimulating granulocytes such as
sagramostim might lead to enhanced remission65.
Already genetics play a role in our treatment strategy as IBD patients with a mutation
in the thiopurine methyltransferase gene (TPMT gene) are more likely to develop
severe side effects to thiopurine treatment, which is why the dose is adjusted 66.
Obviously, identifying correlations between patients’ genetics, patient
characteristics and response to treatment would open up the possibility of
implementation of personalised treatment strategies.
Despite the fact that many drugs have been used in the treatment of IBD and new
drugs entered the market, none of the drugs seem effective for all IBD patients67. It
is to be expected that patient profiling will be included in future drug trials and that
including this in treatment strategies will lead to a better disease prognosis and
subsequently a better quality of life for our IBD patients.
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Thesis outline
In this thesis, a series of studies addressing the epidemiology, disease characteristics,
disease complications, treatments and potential improvement for future IBD
treatment, are presented.
Part I - Lessons from the past
In Chapter 2, we reviewed trials for drugs that initially were regarded as promising
for the treatment of IBD, but have not entered the market. In this chapter we
searched for reasons behind the failure of these drugs.
Part II - Lessons from the Delta cohort
In Chapter 3 we introduce the IBD Delta cohort, a cohort of 413 newly diagnosed IBD
patients in the South West of the Netherlands. With this cohort we aimed to reveal
the epidemiology of IBD in this region.
In Chapter 4 we assessed the frequency of disease related complications such as such
as uveitis, episcleritis, erythema nodosum, pyoderma gangrenosum, primary
sclerosing cholangitis, ankylosing spondylitis and arthritis, occurring in the first years
after diagnosis, and investigate the efficacy of the initiated drugs on the prevention
of these complications.
In Chapter 5 our aim is to identify patients that might benefit from intensive
treatment early on in the disease. For this we use both existing criteria for and
adverse outcome and apply existing predictive factors to our Delta population.
Additionally, after discussion within our group we redefine adverse criteria regarding
adverse disease course in IBD with new predictive factors that can be used at
diagnosis.
Part III - Lessons from other cohorts
To further elucidate on the identification of patients suitable for a specific
therapeutic strategy other than our predictive factors found in chapter 5, we aim to
find an association between known IBD risk alleles and the response to treatment in
a cohort of nearly 600 patients that was treated at our Erasmus MC IBD-unit in
Chapter 6.
Finally, in Chapter 7 a cohort of IBD patients suffering from an invalidating
complication, namely perianal fistulising disease, is described. Although a range of
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medical and surgical options is available nowadays, the treatment of perianal fistulas
remains challenging. In this chapter we explore the efficacy of different treatment
strategies on the long term outcome of these fistula.
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Abstract
Background and aims
The current therapeutic arsenal does still not fulfil the therapeutic needs of our
inflammatory bowel disease (IBD) patients. Although new drugs are constantly being
developed, many will never reach the market. In this review we will search for
reasons of discontinuing promising clinical trials and offer recommendation for
future trials.
Methods
Clinicaltrials.gov was searched for interventional trials on novel IBD therapies.
Included were discontinued “Crohn’s disease” and/or “Colitis, Ulcerative” trials,
started between July 1996 and October 2011 and discontinued. PubMed was
searched for publications to elucidate reasons for discontinuation.
Results
191 novel drug trials were published on clinicaltrials.gov, of which 24 (12.6%) were
interrupted. The most common reason for discontinuation was lack of efficacy.
Conclusion
Translating from bench to bedside is not always feasible. Animal models come with
restrictions. For better treatments, personalized medicine will be the future.
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Introduction
Inflammatory Bowel Disease (IBD) is a chronic disease of the gastrointestinal tract
and comprises of Crohn’s disease (CD), Ulcerative Colitis (UC) and unclassified colitis
(IBDU). IBD patients experience times of remission of their disease but are also are
prone to relapse and it was demonstrated that IBD can evolve to a more complicated
phenotype1-4. The highest incidence rates are reported from Northern Europe, the
United Kingdom and North America, ranging from 6.6 to 15.6 cases per 100.000
person years5. The impact on physical, social as well as the emotional well-being of
patients is substantial and the disease profoundly decreases the quality of life (Qol)
6
.
At present, no therapeutic intervention exists that can lead to a definitive cure. As
such, the current treatment goal is to provide long-term remission. Towards this aim,
the armamentarium has been expanded with novel and more potent drugs.
Although many drugs have been used in the treatment of IBD, none has, so far, been
shown to modify the natural history of the disease or to maintain a stable remission
over time7. Population based studies show that, using the conventional therapies,
only 42% of the patients with CD are symptom free two years after initial diagnosis
and only 12% are after ten years. Besides this, 10% of the patients continuously have
active disease at two years after initial diagnosis and 1% after ten years8. Since
steroids cannot be used as maintenance therapy for remission, immunosuppression
(IS) with thiopurine agents, such as azathioprine (AZA), mercaptopurine (MP), or
methotrexate (MTX) have been widely used, even though all have limited value for
induction of remission and can only benefit less than half of the patients who suffer
from steroid dependency or resistance9. Resection of the inflamed bowel does not
interrupt the progression of the disease in CD patients8. Cosnes et al investigated the
need for intestinal surgery from 1987 up to 2002. Although the 5-year cumulative
probability of the immunosuppressant use increased from 0.13 to 0.56, the
cumulative risk of intestinal surgery remained unchanged over time10.
Anti-TNFα therapy proved to be a potent drug in IBD, however in 30% of IBD patients
it is not effective and a substantial proportion of the patients may experience loss of
response and/or side effects11-14, which often makes surgery unavoidable. As such,
expanding our therapeutic arsenal is still necessary.
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It takes many years for potential drugs to enter the “clinical trials on humans” phase.
Even after reaching this phase, many drugs will never reach the market. Nowadays
the discussion arises about the optimal trial design in IBD. In this review we will try
to elucidate reasons for discontinuing trials and based on this knowledge will give
some recommendations for designing future trials in IBD patients.

Methods
Clinical trials.gov. was searched for trials listed under the conditions “Crohn’s
disease“ and/or “Colitis, Ulcerative” between July 1996 and October 2011101. Only
interventional studies on new (not registered) treatments were included. Non-drug
trials (dietary supplements, probiotics, devices, stem cells) were excluded. Also
excluded were trials for which there was no follow-up reported within the last two
years.
According to the trial phase (I, II, III) the trials were further divided into: completed,
ongoing, discontinued and unknown. Only discontinued trials were further studied.
The PubMed database was used for finding full publications regarding the identified
trials with the following search criteria: ..(the drug).. AND IBD, or ..(the drug).. AND
inflammatory bowel disease, or ..(the drug).. AND Crohn’s disease, or ..(the
drug)..AND Ulcerative Colitis, or ..(the drug) AND colitis. The presented abstracts of
the DDW 2011 congress and the ECCO 2011 congress were searched for unpublished
data on the found drugs.

Results
For CD 405 clinical trials were identified, of which 113 investigated new drugs. For
nine trials no follow-up results were available and were thus excluded (figure 1). For
UC 282 clinical trials were identified, of which 78 researching new drugs. Due to
absence of follow-up results five trials were excluded (figure 2). Trials with an
unknown phase were excluded as well. Combination trials (i.e. phase I/ II and phase
II/ III trials) were included.
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Figure 1│Discontinued trials in Crohn’s disease

2

All trials on clinical tirals.gov listed under Crohn’s disease. Of these trials, 113 were on new
drugs. New drug trials were subdivided according to trial phase, and further divided into
completed trials (C), ongoing trials (O), discontinued trials (D) and trials status unknown (U)

Overview discontinued trials
Thirty-four phase I trials were identified (figure 3), 13 were a combined phase I/II
trials. Four trials (2 CD/ 2UC/ 2 combined phase I/II) were discontinued and included
for further analysis. The drugs researched in these phase I trials were sargramostim,
givinostat, RhIL-11 and GI-270384.
In phase II, 123 trials were commenced according to clinicaltrials.gov. Of these, 13
were phase I/II trials and another 13 were phase II/III, the remaining were true phase
II trials. A total of 18 trials (9 CD/ 9 UC) were discontinued. Two were phase I/II and
three were phase II/III. Researched drugs were sargramostim, tetomilast, AIN-457,
semapinod, brakinumab, ITF-2357, SB-656933, visilizumab, basiliximab, riverprost,
golimumab, retard release phosphatidylcholine and interferon beta-1α.
For phase III trial, 46 trials were identified (supplementary table 1). In total 13 were
combined phase II/III trial. A total of seven trials were discontinued. Of these trials,
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three were CD and four were UC and four trials were phase II/III trials. Researched
drugs were sagramostim, abatacept, visilizumab, golimumab and retard release
phosphatidylcholine.
In total 24 discontinued trials on new drugs were included, of which two were phase
I/II and three were phase II/III. The 24 trials were on 16 different new drugs. Lack of
efficacy was the reason for trial discontinuation in 10 of 16 treatments (62.5%).
Figure 2│ Discontinued trials in Ulcerative Colitis

All trials on clinical tirals.gov listed under Ulcerative Colitis. Of these trials, 78 were on new
drugs. New drug trials were subdivided according to trial phase, and further divided into
completed trials (C), ongoing trials (O), discontinued trials (D) and trials status unknown (U)

Discussion
In total 191 trials on novel drugs were mentioned on clinical trials.gov, 24 (12.6%)
were interrupted101. Most common reason for discontinuation was lack of efficacy.
Further analysis of these discontinued trials led to questions regarding the current
trial design, such as; how to translate results from animal studies to patient
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populations, and, is it feasible to start with drugs while still unaware of the full safety
profile?
Figure 3│Total discontinued trials in inflammatory bowel disease.

Total number of trials on clinical tirals.gov listed under either CD or UC and the total number
of trials on new drugs. The subdivision was the same as shown in previous figures.

New treatments are designed in laboratories and translated to humans based on a
positive effect found in cell-lines and animal models. However these positive results
cannot be readily translated to the patient, and can even lead to deleterious effect.
For example, murine anti-CD3 antibody, OKT 3, showed side-effects associated with
severe systemic cytokine release15. And although visilizumab has been altered to
specifically bind to human CD3 expressed on T-cells and left the quiescent T-cells
unchanged in vitro, a phase I study of visilizumab demonstrated in the majority the
patients at least one adverse event, with a quarter being severe adverse events16, 17.
Another challenge is the effectiveness of drugs: interleukin-11 (IL-11) decreased
histological as well as clinical activity of colitis in animals, but in humans this drug
was only effective in a subset of CD patients18,19, which shows that results of animal

2

30 | Chapter 2
studies can also be applicable only for a part of our patients. Issues considering
effectiveness were also seen investigating tetomilast. Although effective on the
bench, UC patients did not improved compared to the placebo treated patients20, 21.
Similar are the results of trials in sargramostim. This drug was found to be effective
in mice22, but the same effect could not be confirmed in humans23, 24. Another
problem faced, is that various models are used for investigating drugs, leading to
difficulties in comparing outcomes. This is illustrated by the fact that both IL-17a
knock-out (KO) mice and IL-17RA KO mice showed less inflammation after treatment
with25,26, but anti-IL-17a antibodies showed worsening of disease in mice with
Dextran Sulphate Sodium (DSS) colitis27. In line with this are the results of rivenprost.
In animals, both an EP4R agonist and an antagonist turned out to have an
immunosuppressive effect28,29. A trial in humans was started before results of the
antagonist were known and rivenprost was found to be ineffective in humans.
Overall these results demonstrate that models for diseases come with restrictions
and the pathogenesis of inflammation in these models does not adequately
resemble IBD patients.

Future perspective
An even closer collaboration between workers on the bench and workers at the
bedside is advocated to overcome problems such as described above. But future trial
design also needs to be redirected to implement other earlier published results on
trial design. Poynard et al. looked at the survival of truth of clinical conclusions in
articles on cirrhosis and hepatitis and found the half-life of truth to be 45 years,
similar to an earlier published report30, 31. The authors did not find a beneficial
survival benefit for either randomized trials or meta-analysis. The biggest weight
(four times more than other trials) was given to negative trials in which patients with
severe disease were mixed with patients without severe disease. In order to provide
a trial with true power, future trial cohorts should resemble the patient population,
including their genetic heterogeneity32-35. This heterogeneity may explain that the
effect of new drugs can differ in each individual patient. Recently we showed that
granulocytes of CD patients with a specific genetic defect are less sensitive to
stimulation with Granulocyte macrophage colony-stimulating factor (GM-CSF).
Therefore a small proportion of patients without this defect may actual benefit from
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GM-CSF treatment36. Trials on interferon-β-1α (IFN-β-1α) show similar results. At
first, IFN-β-1α did not seem to be effective in either CD or UC37, 38. However, after
looking at the results more closely, Croatian and Russian patients did have high
remission and response rates using this treatment, while Western European sites
experienced the opposite38. Mannon et al showed UC patients who did not respond
to the treatment, to have high baseline levels of IL-17 AND IL-6 production39. To
further explore this diversity in IBD, in study populations the genetic variants and
biologic markers could be used to stratify groups of patients, and will lead eventually
to a personalized treatment model in IBD.
For safety issues, a new drug does have to be studied extensively. But when only
tested against placebo, the actual effect compared to standard therapy is unknown.
Currently the placebo effect in CD and UC is well known and can be influenced by
adjusting the study design40-45. Today, the standard design for developing new
therapies are studies based on superiority tests in which a new therapy is compared
with a control or current standard of care in a randomized setting with the aim of
improving efficacy. Future design should incorporate comparisons of new therapy
not only with placebo but also to the current therapy standard in a three-arm
design46.
Currently, there is a suboptimal climate for publication when it comes to new drugs.
Only a quarter of studies on new drugs are published at the time of market
authorization and the majority of those are studies with positive findings47. The
pharmaceutical industry also plays a large role in designing, conducting and
discontinuation of trials on new drugs. They rather see trials on promising drugs
published since negative results might affect drug sales negatively. This is
understandable from their point of view. However in order to provide the best
possible patient care, the negative results are also worth mentioning, as has been
proved earlier in this paper. To resolve this problem, someone, either a regulator, or
an independent board, should be able to require submission of full trial data. This
person or board should also be able to enforce sharing all available data48. This policy
will enhance the comparison of new and existing drugs.
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Conclusion
Of the 16 drugs investigated in the discontinued trials ten did lack efficacy in IBD
patients, despite the promising results in models. This shows the difficulties in
translating results from bench to bedside. Therefore stronger collaboration between
bench and bedside workers is required.
In the future, the cohorts will have to be a resemblance of the patient population,
since these trials have a longer truth survival. Furthermore, genetics will start playing
a bigger role and the role for the placebo compared testing will become less
significant. Personalized medicine based on a patient genetic profile and biologically
important pathways are the future in IBD. Truth survival comes with change in trial
methodology. Knowledge about interrupted trials is necessary to conduct high
quality new drug trials in the future.
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CD

Givinostat.
(ITF-2357).
“As no safety
warnings were
detected, Interim
analysis from the
first 40 pts
recommends to stop
the trial for futility”
[101].

I.
II

I.
II.
III
Treatment with the drug
may provide effective
synergistic or single-agent
treatment alternatives to
immuno-suppressants for
IBD, but evidence that
supports its
recommendation remains
weak [8,9].

Published trial showed no
significant better outcome of
this drug vs placebo, even
though it was a little better
then placebo on some points
[6,7].

The drug was safe and well
tolerated in the given doses.
Despite the fact that it looks
promising, more prospective
studies on the same matter
are needed, in order to
assess efficacy and optimal
dosing of this therapeutic
option [5,6].
No publications found in CD,
UC or IBD.

Cell lines: higher levels of GM-CSF
secretion by endothelial cells were
found in mucosal lesions of IBD pts,
compared with normal control
mucosa [1,2].
Animals: Mice had higher levels of
GM-CSF secretion in DSS induced
colitis model [3]. Treatment is
efficient in mice [4].
Cell lines: Low, non apoptotic
concentrations of the HDAC inhibitor
ITF-2357 reduce pro-inflammatory
cytokine production in primary cells
in vitro [10].
Animals: In DSS- and TNBS- induced
colitis, treatment with ITF-2357 was
superior to suberoylanilide
hydroxamic acid as shown by
macroscopic and histological
amelioration of inflammation, by
reduced production of interferon γ
(IFN-γ) and by increased production
of IL-10. [11]

CD

Sargramostim
(Leukine).
“This study has been
withdrawn prior to
enrollment.” [101]

A trial in pts with systemiconset juvenile idiopathic
arthritis shows therapeutic
benefit, particularly with
regard to the arthritic
component of the disease,
and showed an excellent
safety profile [12].

Phase

Phase III

Phase II

Phase I

Laboratory studies

Disease

Supplementary
Table 1│

Treatment
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In CD pts, treatment is
significantly inferior to
prednisolone for induction
of remission [18]. Another
trial showed weekly
administration is effective
in a specified subset of pts
with active CD [19].

The effect seems to be dose
and schedule dependent
[17].

In active CD, the drug is well
tolerated, [17–19] and
weekly administration is safe
[19].

Cell lines: IL-11 blocks activation of
transcription factor NF-κB [13]. IL-11
also reduces production of Th1
cytokines, such as IFN-γ induced by
IL-12 by CD4+ T cells while enhancing
Th2 cytokines, such as IL-4 and IL-10
[14].
Animals: In two models of IBD the
drug decreased the gross and
microscopic damage in the colons of
these animals [15]. The drug
decreased histological as well as
clinical signs of IBD in the HLA-B27
rat [16].
Cell lines: Inhibition of leucocyteendothelial interaction by blocking
selectins and integrins affects the
accumulation of leukocytes in many
experimental settings [20].
Animals: The beneficial effect of the
drug in experimental colitis was
highly influenced by the severity of
the underlying colitis, suggesting
that it might not provide much
benefit in more severe disease types
[21].

CD.
UC

UC

RhIL-11

GI-270384

No publications found in UC,
CD or IBD.

Phase III

Phase II

Phase I

Laboratory studies

Disease

Treatment

I

I

Phase
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2

Phase

II

II

Phase III

Differences from placebo
were not statistically
significant for either
tetomilast group, neither
for primary, nor secondary
endpoints [25].

Trial regarding this drug in
psoriasis, rheumatoid
arthritis and uveitis, which
showed promising results
treating these diseases
with the specific drug [31].
However, these results
warrant larger clinical
trials to assess further the
safety and efficacy of
AIN457.

Phase II

No significant differences
between the drug and
placebo at the primary
endpoint, but did show
significant improvement in
secondary endpoints. A
posthoc analysis suggested a
potential efficacy in pts with
a more severe disease
phenotype [24].
Blockade of IL-17A appears
ineffective in pts with CD
[30].

Phase I

Despite the reported sideeffects, tetomilast is well
tolerated at doses up to
75mg, with no significant
toxicity or side-effects [23].

Laboratory studies

Cell lines: Tetomilast suppressed
TNF-α and IL-12 but not IL-10
production from human monocytes
and it suppressed TNF-α, IFN-γ, and
IL-10 from CD4+ T cells [22].
Animals: Tetomilast improved
chronic colitis in IL-10 (-/-) mice by
reducing clinical symptoms, serum
amyloid A levels, and histological
scores. It also decreased TNF-α
mRNA expression [22].
Cell lines: IL-17A is produced by T
cells or CD68+ macrophages in
colonic mucosa of IBD pts, leading to
significant elevation of the serum IL17A, while the cytokine was not
detected in colorectal tissue of
normal individuals [25]. Expression
of IL-17A mRNA was seen in severe,
active UC pts and in CD pts of various
activity degrees [26].
Animals: Both the IL-17A knock out
(KO) mice with DSS colitis and the IL17RA KO mice with TNBS colitis
showed attenuated colitis [27,28]. In
contrast, the DSS-induced colitis in
mice aggravated after administration
of a neutralizing anti-IL-17A antibody
[29].

Disease

CD.
UC

CD

Treatment

Tetomilast
(Opc6353).
“The efficacy was
not cleared in a US
study.”[101]

Secukinumab.
(AIN 457)
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In one trial scores on the
CDAI en IBDQ
questionnaires improved
[32]. However, a trial
published in 2010 showed
this drug to be ineffective
for treatment of moderate
to severe CD [34].

High cumulative dosing was
associated with decreased
CDAI in a limited number of
pts [34].

This drug is safe to use in IBD
pts [32].

Cell lines: Colonic biopsies displayed
enhanced JNK and p38 MAPK
activation. CNI-1493 inhibition of
both JNK and p38 phosphorylation
was observed in vitro [32].
Animals: SB-203580 had a
dichotomal effect in TNBS mice.
Treatment with SB-203580 does not
ameliorate TNBS colitis although it
does prevent IFN-γ and IL-12p70
production [33].
Cell lines: IL-12 and IL-23 share the
p40 subunit. IL-12 drives Th1
development. IL-23 plays a role in
the generation of Th17 cells. It is
suggested that Th17 expression was
increased in pts with both CD and
UC. Antibodies neutralising the p40
subunit might inhibit various
pathways of T cell activation [35].
Animals: Administration of a
monoclonal antibody against IL-12
can result in the resolution of
established colitis in mice and can
prevent inflammation [36].

CD

CD

Semapinod.
(CNI - 1493).
“unable to enroll pts
into the study “
[101]

Briakinumab.
(ABT 874)

An earlier phase II study
showed that the drug may
induce clinical response and
remission, although the
evidence wasn’t strong [37].

Phase III

Phase II

Phase I

Laboratory studies

Disease

Treatment

II

II

Phase
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II

II

There was no difference in
efficacy between pts with CD
receiving IFN-β-1α or
placebo. [43]. IFN-β-1α was
generally well tolerated at
the doses tested, but a
significant therapeutic
benefit in pts with UC was
not observed [44]. However,
recently was found that this
drug induces clinical
response and remission in a
large subset of pts with UC.
Only pts who responded to
treatment, had a significant
decrease in mucosal T cell IL13 production [45].

In ozone-induced airway
inflammation in humans, this
drug demonstrates dosedependent effects on
neutrophil activation and
recruitment within a welltolerated dose range. These
data suggest that it may be
an effective agent in
neutrophil-predominant
diseases [48] .

The drug was generally well
tolerated in CD pts and the
safety profile was consistent
with previous experience in
MS [43]. It was also generally
well tolerated in UC pts [44].

No publications found in CD,
UC, or IBD.

Cell line: type I IFN inhibit production
and secretion of IL-13 by human T
cells and they also block IL-4 and IL13 signalling in human CD4+ T cells
via IFN-induced expression of SOCS
proteins [38,39]. Type I IFN might
also counter inflammation by
inducing regulatory cytokine IL-10
production or by enhancing the
activity of regulatory T cells [40].
Animal: Neutralization anti-bodies
against type I IFN abolished antinflammatory effects, whereas
administration of recombinant IFN-γ
mimicked the anti-inflammatory
effects. Furthermore, mice deficient
in the IFN-α/β receptor exhibited
more severe colitis than wild-type
mice [41]. However, CpG ODN
treatment only seems to be effective
when given prior to DSS treatment
while administration to mice with
chronic colitis in fact worsens
disease [42].
Cell lines: In preclinical studies, the
compound was shown to inhibit
CXCL1-induced CD11b up-regulation
on PMNs in an in vitro whole blood
assay [46].
Animals: Selective blockade of CXCR2
consistently reduced TNBS-induced
colitis [47].

CD

UC

SB 656933.
“This drug is no
longer being
developed for
ulcerative colitis.”
[101]

Phase

Interferon-β-1α

Phase III

Phase II

Phase I

Laboratory studies

Disease

Treatment
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Phase III

The treatment induced
symptomatic response and
clinical response in pts
with severe steroidrefractory UC, but
symptomatic remission
and clinical remission rates
were low [52]. The safety
profile was acceptable.
The drug may be clinically
beneficial in pts with
severe intravenous
corticosteroid–refractory
UC. A higher dose was
associated with greater
efficacy but also more
severe cytokine release
syndrome [53].

Phase II

The placebo-controlled trial
was discontinued
prematurely by the Data
Safety Monitoring Board
(DSMB) after 127 pts had
been randomized when an
interim analysis
demonstrated lack of
efficacy, and trends toward
greater rates of colectomy
and vascular disorder AEs in
the treated pts [52]. The
dose of 5 mg/kg was
established in open label
phase I and I/II trials, which
demonstrated that there was
no difference in response
rates for doses ranging from
5.0 to 12.5 mg/kg [52,53].
The drug in combination
with steroids is potentially
very effective at inducing
remission in both moderate
and severe steroid refractory
UC. The treatment is well
tolerated. These findings
need confirmation in a
randomized-controlled trial
[57].

Phase I

This drug at a dose of 5
mg/kg for two consecutive
days was neither safe nor
effective for severe,
corticosteroid-refractory UC
and was associated with
increased cardiac and
vascular adverse events [51].

Basiliximab in combination
with glucocorticoids is an
effective and well-tolerated
treatment for the induction
of remission in steroid
resistant UC [56].

Laboratory studies

Cell lines: In vitro, visilizumab causes
activated CD3+ cells to undergo
apoptosis, while leaving quiescent T
cells unchanged [49,50].
Animals: In chimpanzees, HuM291
effectively depleted peripheral T
cells without eliciting clinical signs of
CRS, and recovered T cells were
functionally normal [50].
.

Cell lines: There is significantly
greater activity of IL-2 in the culture
supernatants of steroid resistant
subjects [54].
Animals: Basiliximab alone in vitro
was relatively ineffective [55].

Disease

UC

UC

Treatment

Visilizumab.
(Hum291).
“Lack of efficacy”.
[101]

Basiliximab

II

II.
III

Phase
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Laboratory studies

Cell lines: prostaglandin E2 (PGE2)
not only facilitates Th1 cell
differentiation but also amplifies IL23–mediated Th17 cell expansion in
vitro.[58] An EP4 receptor (EP4R)
agonist decreased colon epithelial
apoptosis, prevented goblet cell
depletion, and promoted epithelial
regeneration. [59].
Animals: Administration of an EP4R
agonist prevents DSS induced colitis
in EP4-/-mice through both
regeneration of the intestinal
epithelium and suppression of the
immune response [59]. However in
administration of an EP4-selective
antagonist in vivo also seemed to
decrease accumulation of both Th1
and Th17 cells in regional lymph
nodes and suppresses the disease
progression in mice with
experimental autoimmune
encephalomyelitis or contact
hypersensitivity [58].

Disease

UC

Treatment

Rivenprost.
(ONO 4819)

Phase I

There was no statistically
significant difference in DAI
score between the placebo
and treatment groups [60].

Phase II

Phase III

II

Phase
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Phase I

No publications found in CD,
UC, or IBD

Laboratory studies

Cell lines: Golimumab was shown to
have a high affinity for TNF-α and
neutralized TNF-α effectively [61].
Animals: In vivo, golimumab at doses
of 1 and 10 mg/kg significantly
delayed disease progression in a
mouse model of human TNF-αinduced arthritis when compared
with untreated mice [61].

Disease

UC

Treatment

Golimumab.
“A decision was
made by the sponsor
to terminate the
study; no safety
concerns were
involved with this
decision.” [101]

Phase II

A trial in pts with
rheumatoid arthritis,
showed the drug to be
well tolerated and
effective in pts who
suboptimaly responded to
methotrexate
monotherapy [62]. One
article describes three
cases with IBD and
concomitant enteropathic
spondyloarthritis or
ankylosing spondylitis,
which were in remission in
terms of their IBD, but not
for their rheumatic
symptoms and were
therefore treated with
golimumab. These pts all
developed a flare-up of
their IBD, which resolved
quickly after the drug was
stopped and
corticosteroids were
started [63].

Phase III

II.
III

Phase
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Disease

UC

CD

Treatment

Retard release
phosphatidylcholine.
“Missing financial
sponsorship”. [101]

Abatacept.
(orencia).
“Sponsor Decision”
[101]

Cell lines: In UC, there can be a
mucosal barrier dysfunction caused
by a primary lack of the
mucoprotective phospahtidylcholine in the colonic mucus [64].
Animals: When topically applied to
the colon, the drug protects
laboratory animals against colitis
induced by acetic or
trinitrobenzenesulphonic acid [65].
Cell lines: Abatacept competes with
CD28 for CD80 and CD86 binding and
thereby can be used to selectively
modulate T-cell activation [68].
Animals: The drug inhibited Th1
memory responses and repressed
experimental intestinal inflammation
[69].

Laboratory studies

No publications found in CD,
UC, or IBD.

Phase I

Drug is effective in
alleviating inflammatory
activity and safe to use
ulcerative colitis pts. Long
term use may be able to
maintain clinical remission
without adverse effects [66].

Phase II

The drug produced
significant clinical and
functional benefits in
rheumatoid arthritis pts
who had an inadequate
response to anti–TNF-α
therapy and has an
acceptable safety profile
[70].

The drug reduced
corticosteroid dependence
more than placebo in pts
with chronic steroidrefractory ulcerative
colitis. However, size and
duration of the study were
limited [67].

Phase III

III

II.
III

Phase
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Abstract
Background and aims
To describe the clinical characteristics of inflammatory bowel disease (IBD) at
diagnosis in the Netherlands at the population level in the era of biologics.
Methods
All patients with newly diagnosed IBD (diagnosis made between 1/1/06 and 1/1/07)
followed in nine general hospitals in the South-West of the Netherlands were
included in this population-based inception cohort study.
Results
A total of 413 patients were enrolled, of which 201 CD (48.7%), 188 UC (45.5%), and
24 IBDU (5.8%), with a median age of 38.00 years (range, 14-95). 78 (38.8%) CD
patients had ileocolonic disease and 73 (36.3%) had pure colonic disease. In 8
patients (4.0%) the upper gastrointestinal tract was involved. 19 CD (9.5%) patients
had perianal disease. 39 CD patients (19.4%) had stricturing phenotype. Of the UC
and IBDU patients, 39 (18.4%) suffered from pancolitis and 61 (29%) from proctitis.
Severe endoscopic lesions at diagnosis were seen in 119 patients (28.8%, 68 CD, 49
UC, 2 IBDU), while 98 (23.7%) had severe histological disease activity. Thirteen
patients (3.1%, 10 CD, 3 UC) had extraintestinal manifestations at diagnosis. Twentythree patients (5.6%, 20 CD, 3 UC) had fistula at diagnosis.
Conclusions
In this cohort, 31% of CD patients had complicated disease at diagnosis, 39% had
ileocolonic disease, perianal disease was present in 9.5%, and the upper
gastrointestinal tract was involved in 4%. Most UC patients suffered from left-sided
colitis (51%). Severe endoscopic lesions were reported in 34% of CD and 26% of UC
patients. 3% of IBD patients had extraintestinal manifestations.
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Introduction
Inflammatory bowel disease (IBD), encompassing Crohn’s disease (CD), ulcerative
Colitis (UC) and IBD unclassified (IBDU), is a chronic disabling condition1,2.
Population-based studies provided invaluable data on the natural history of IBD3-5.
The epidemiology of IBD is known to vary across the world3. The goal of medical
therapy in CD is to prevent stricturing, penetrating disease and other CD related
complications leading to surgery and to reduce acute and chronic inflammation
ultimately resulting in clinical and endoscopic remission, to prevent surgery and to
prevent or treat complications in UC6. In the Olmsted county cohort 19% of IBD
patients had penetrating or stricturing complications within 90 days after diagnosis,
and 50% of the patients experienced an intestinal complication within 20 years after
diagnosis5. Over the past decades, several population-based studies have evaluated
the natural course of IBD in the pre-biologic era3-5.
A Dutch population-based cohort study showed the Netherlands to have a relatively
high IBD incidence rate7. However, the data on the disease extent and severity at
presentation in the era of easily available new imaging modalities such as Magnetic
resonance (MRI) and higher physicians’ awareness of IBD and presumable early
referral for endoscopy are lacking8.
The clinical characteristics of inflammatory bowel disease (IBD) at diagnosis are
unknown in the Netherlands at the population level in the era of biologics. A better
knowledge of the natural history of IBD in the era of biologics is a prerequisite to the
initiation of disease modification trials. We here report the results from a Dutch
population-based inception cohort study conducted in the era of biologics, namely
the Delta cohort.

Methods
For this study we included hospitals in five of the forty, so called, Coördinatie
Commissie Regionaal Onderzoeks Programma gebieden (COROP areas) in the
Netherlands. These COROP areas are specified areas used for analytical purposes by,
amongst others, The National Institute for Public Health and Environment
(Rijksinstituut voor volksgezondheid en millieu (RIVM)) and the Dutch Ministry of
Health, Welfare and Sport9. The areas used for this study are Groot Rijnmond, Delft

3
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Figure 1│ The Delta cohort area
The Netherlands, divided in COROP areas, with the Delta cohort area highlighted in blue.

en Westland, Zuid-Oost-Zuid-Holland, West-Noord-Brabant and Midden-NoordBrabant, all situated in the southwest of the Netherlands (figure 1). On 1 January
2011, 3,092,159 persons were known to live in these five areas. The area we selected
housed 17 hospitals, of which eleven hospitals agreed to participate (table 1). Two
hospitals were excluded from analysis, one due to the lack of patient data, and one
due to the lack of newly diagnosed patients. The hospital lacking newly diagnosed
patients was a referral center. The cohort study was then conducted in nine general
hospitals in The Netherlands. The participating hospitals were; the Reinier de Graaf
Gasthuis in Delft, the Sint-Franciscus Gasthuis in Rotterdam, the Ikazia hospital in
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Table 1│ Hospitals in Delta cohort area
All hospitals in the Delta cohort area, with the number of beds and the number of IBD
patients.
Newly
Beds in
Gastroenterologic
Name Hospital
Included
diagnosed
2006
department
IBD patients
Erasmus Medical
Tertiary
1237
yes
0
Centre
centre
Reinier de Graaf
gasthuis
Sint Franciscus
gasthuis
Albert Schweitzer
hospital
IJsselland hospital
Amphia hospital
Ikazia hospital
Lievensberg hospital
Tweesteden hospital
Franciscus hospital
Total

881

yes

yes

69

613

yes

yes

36

754

yes

yes

64

390
1368
359
367
505
472
5709

yes
yes
yes
yes
yes
yes

yes
yes
yes
no
yes
yes

28
89
47
29
30
34
426

yes
yes
yes
yes
yes

56*
50*
40*
24*
18*

no

21*

no

19*
228*

Maasstad hospital
745
no
Sint Elisabeth hospital
673
no
Vlietland hospital
540
no
Beatrix hospital
323
no
Bethesda hospital
242
no
Ruwaard van Putten
288
no
hospital
Haven hospital
250
no
Total
3061
*estimated amount of IBD patient
Abbreviations used: IBD: Inflammatory Bowel Disease.

Rotterdam, the IJsselland hospital in Capelle aan den IJssel, the Albert Schweitzer
hospital in Dordrecht, the Amphia hospital in Breda, the Tweesteden hospital in
Tilburg, the Lievensberg hospital in Bergen op Zoom and the Sint Franciscus hospital
in Roosendaal. An overview of these hospitals is given in table 1. Patients with a
newly diagnosed IBD were included. Patients diagnosed by pediatricians were not
included. The institutional investigation research board approved the protocol. To
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identify potential cases, the diagnosis-treatment-combination (diagnose behandel
combinatie or DBC) system was used. This is a Dutch health care code which
describes the totality of delivered care for a single condition and is used by hospitals
to reclaim money from the health insurance companies10-13. We searched for
patients with the DBC codes indicating IBD, namely code numbers: 601, 602, 922 and
92314. We then evaluated all patients with a minimum of one of these codes between
January 1, 2006 and January 1, 2007. One hospital did not register via DBC codes in
this time period, but it did have a registry of their IBD patients, of whom 88%
received one of the above mentioned DBC codes in follow-up years. Physicians were
asked to check and adapt the DBC code lists for missing patients. Only patients newly
diagnosed with IBD between 1 January 2006 and 1 January 2007 in whom the
diagnosis was verified by endoscopy, radiology, pathology and/or surgery, according
to the Lennard-Jones criteria were included15. Similarly to the Olmsted County
cohort, all IBD patients are followed by gastroenterologists working in hospitals16.
Patients lost to further follow-up were excluded from analysis. Of the 426 eligible
patients 13 were excluded.
Data on patient characteristics were obtained from the patient charts and included
150 different characteristics. During this study, patients and clinical procedures were
only observed and not interfered with. For each patient following baseline
characteristics were noted: date of birth, co-morbidities, smoking status, familial IBD
status and familial CRC status. At diagnosis, the diagnostics, disease characteristics,
disease location and disease severity were assessed. For disease location and
characteristics, IBDU patients were analyzed as UC patients. All out-patient clinic
visits were evaluated separately. For every out-patient clinic visit and hospitalization,
between diagnosis and 1-1-2010, the current treatment, the therapy changes
reasons for changing therapy, the current complaints, patient welfare, the therapy
and the corresponding laboratory results were noted. All endoscopy, pathology,
radiology and surgical reports were retrieved. All endoscopy, pathology, radiology
and surgical reports were assessed. Endoscopy reports were scored for disease
extension, characteristics and severity. This also accounts for the histological reports.
Consultations by telephone were evaluated and counted, but only further assessed
if a therapeutic change was made. This also applied to emergency room (ER) visits.
When followed by hospitalization, ER visits were not assessed individually, but as
part of the hospitalization. End of follow-up was January 1st 2010. One patient was
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hospitalized at the end of follow-up. This entire hospitalization was assessed and this
patient’s end of follow-up was the end of his hospitalization. Initial therapy was
defined as the first therapy prescribed for IBD, started after diagnosis of IBD.
Statistical analyses were performed using descriptive statistics, independent t-tests
and chi square (Χ2) tests. Statistical analyses were performed using SPSS for Windows
software (v20.0, Chicago IL).

Results
Study population
Of the 426 eligible patients, 13 were excluded: nine due to lack of patient data (5 CD
and 4 UC) and four who were lost to follow-up (2 CD and 2 UC), leaving 413 patients.
There were 201 CD (48.7%), 188 UC (45.5%) and 24 IBDU (5.8%) patients. Median
duration of follow-up was 38.93 months (range, 0.2-47.9). Patient and disease
characteristics are shown in table 2. The median age at IBD diagnosis was 38.0 years
(range, 14-95). Median age at diagnosis was 32 years in CD, 40.5 years in UC, and
44.5 years in IBDU. Of our patients, 51.8% were female. There was a female
predominance in both CD (1:1.31) and IBDU (1:1.18), while there was a slight male
predominance in UC (female/male ratio 1: 1.06).
Modalities of diagnosis
In 364 patients (88%), the diagnosis of IBD was based on endoscopic findings. Of the
CD patients, 117 were exclusively diagnosed by endoscopy, two exclusively by
histology, 28 exclusively by radiology, three were diagnosed differently (surgery,
complaints), and 51 were diagnosed by a combination of the above mentioned
strategies. In 156 CD patients (77.6%) the diagnosis was at least partially based on
endoscopy, while 165 UC patients (87.8%) were diagnosed by endoscopy exclusively,
two by histology, two by radiology, and in 19 patients by a combination of strategies
was used. In 17 IBDU patients an endoscopy was conclusive enough and in seven
patients a combination with other methods was used as diagnostics.
Family history of IBD
As shown in table 2, 62 of the 413 patients (15.0%) reported a family history of IBD.
There were no differences between the types of IBD.
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Table 2│ Characteristics of 413 newly diagnosed IBD patients
Characteristics at diagnosis of the patients included in the Delta cohort.
Crohn’s
Ulcerative
Total
disease
Colitis
n=413
n=201
n=188
Follow-up
33.10
35.11
32.28 months
Length, mean, range
months
months (0.2
(0.5 - 47.9)
(0.2 - 47,9)
- 47.9)
38.93
40.11
Length, median
38.90 months
months
months
Gender
Male
195 (47.2)
87 (43.3)
97 (51.6)
female
218 (52.8)
114 (56.7)
91 (48.4)
Age
36.69 (1442. 57 (15Mean, range
39.94 (14-95)
84)
95)
Median
38.00
32.00
40.50
A1 - under 16 years
11 (2.7)
9 (4.5)
2 (1.1)
A2- Between 17 and 40
224 (54.2)
123 (61.2)
92 (48.9)
years
A3 - over 40 years
178(43.1)
69 (34.3)
94 (50.0)
Disease Location CD
L1 - terminal ileum
43 (21.4)
L2 - colon
73 (36.3)
L3 - ileocolon
78 (38.8)
(+) L4 - upper GI tract
8 (4.0)
Disease location UC
E1 - proctitis
61 (28.8)
55 (29.3)
E2 - left sided colitis
109 (51.4)
96 (51.1)
E3 - Pancolitis
39 (18.4)
36 (19.1)
Inaccessable
3 (1.4)
1 (0.5)
Disease behaviour CD
B1 - luminal disease
138 (68.7)
B2 - stenosis
39 (19.4)
B3 - abcesses and/or
24 (11.9)
fistula
P - perianal disease
19 (9.5)
Disease Severity
endoscopically
Mild
77 (18.6)
23 (11.4)
46 (24.5)
Moderate
191 (46.2)
85 (42.3)
92 (48.9)

IBDU
n=24
22.79
months
(0.7 - 46.8)
22.34
months
11 (45.8)
13 (54.2)
46.54 (1783)
44.50
0 (0)
9 (37.5)
15 (62.5)
6 (25.0)
14 (58.3)
3 (12.5)
1 (4.2)
-

8 (33.33)
14 (58.33)

Phenotype of IBD in the Netherlands | 61
Severe
Inaccessible
Disease Severity
pathologically
Mild
Moderate
Severe
Inaccessible
Smoking history
Current smokers
Former smokers
Non-smokers
Not documented
Family history of IBD
Yes
no
Not documented
Family history of CRC
Yes
No
Not documented
C-reactive protein (CRP)
Median

119 (28.8)
26 (6.3)

68 (33.8)
25 (12.5)

49 (26.1)
1 (0.5)

2 (8.33)
0(0)

50 (12.1)
226 (54.7)
98 (23.7)
39 (9.44)

25 (12.4)
105 (52.2)
38 (18.9)
33 (16.4)

18 (9.6)
109 (58.0)
55(29.2)
6 (3.2)

7 (29.2)
12 (50.0)
5 (20.8)
0 (0)

98 (23.7)
65 (15.7)
203 (49.1)
47 (11.4)

71 (35.3)
13 (6.5)
95 (47.3)
22 (10.9)

23 (12.2)
49 (26.1)
94 (50.0)
22 (11.7)

4 (16.7)
3 (12.5)
14 (58.3)
3 (12.5)

62 (15.0)
252 (61.0)
99 (24.0)

35 (17.4)
121 (60.2)
45 (22.4)

24 (12.8)
114 (60.6)
50 (26.6)

3 (12.5)
17 (70.8)
4 (16.7)

59 (14.3)
250 (60.5)
104 (25.2)

23 (11.4)
132 (65.7)
46 (22.9)

32 (17.0)
104 (55.3)
52 (27.7)

4 (16.7)
14 (58.3)
6 (25.0)

21.00
(missing 172)

40.00
(missing 64)

9.00
(missing 97)

13.00
(missing 11)

Erythrocyte
sedimentation rate (ESR)
24.00
30.00
18.00
16.00
(missing 176) (missing 74)
(missing 90)
(missing 12)
Abbreviations used: CD: Crohn’s disease, UC: Ulcerative Colitis, IBDU: Unclassified
Inflammatory Bowel Disease, CRC: colorectal cancer. IBD: Inflammatory Bowel Disease. All
numbers are presented as n (%), unless stated otherwise.
Median

Smoking status
In 2006, 28% of the Dutch population over 18 years smoked17. Of all 413 patients,
163 patients (39%) were reported to be current or former smokers. At the time of
first diagnosis, more CD patients (35.3%, 71 cases) were current smokers compared
to patients with UC (12.2%, 23 cases) (p < 0.001). Of the patients with UC, 26.1% (49
cases) were previous smokers compared with only 6.5% of patients with CD (13
cases) (p < 0.001). Compared to IBDU patients neither more CD patients nor more
UC patients were reported to smoke at the time of diagnosis, nor were there
differences in smoking history.
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Phenotype of intestinal disease
Of the 201 patients diagnosed with CD in this cohort, 20.9% had pure ileal disease
(L1), 36.3% had pure colonic disease (L2), and 38.8% had ileocolonic disease at
diagnosis (L3) (table 2). In eight patients the IBD first clinically presented itself in the
upper gastrointestinal tract. In one CD patient ileocolitis was accompanied by upper
gastrointestinal disease.
At diagnosis, 68.7% of CD patients had uncomplicated disease (B1), 19.4% had
stricturing disease (B2), and 11.9% suffered from penetrating disease (B3).
Additionally, 8.5% (17 pts) had perianal disease at diagnosis (P).
Of the 188 UC patients 29.3% had a proctitis (E1), 51.1% a left-sided colitis (E2) and
19.1% had pancolitis (E3) at diagnosis. From the 24 patients diagnosed with IBDU,
25% had a proctitis (E1), 58.3% a left sided colitis (E2), and 12.5% had pancolitis (E3).
In one IBDU patient only cecal disease was found, this is why this case was scored as
unclassifiable. In our cohort, we used the UC scoring system to score the disease
extent of IBDU. In 18.6% of all IBD patients in our cohort (77 pts) the disease severity
was endoscopically scored as mild disease at the time of diagnosis. Disease activity
was scored as moderate disease in 46.2% (191) and severe in 28.8% (119) of patients.
In 6.3% of our IBD patients (26 pts) disease severity at diagnosis could not be
assessed. The histological disease severity was mild in 12.1% patients (50 pts),
moderate in 54.7% (226 pts) and severe in 23.7% (98 pts). In 9.4% (39 pts) the
histological disease severity could not be assessed, mostly due to lack of biopsies.
Four patients (1 CD and 3 UC) had a personal history of colorectal cancer prior to IBD
diagnosis. One CD patient suffered from a carcinoid of the appendix 27 years before
being diagnosed with CD.
Fistulas and abscesses
Fistulas were diagnosed in 5.3% of patients either prior to or at the time of diagnosis
(22 pts, 20 CD, 2 UC). One UC patient had a perianal fistula seven years before being
diagnosed with IBD and in the second UC patient the fistula was described not to be
related to IBD. These fistulas were located in the abdomen in six CD patients and 17
CD patients had perianal fistulas. UC patients only had perianal fistula. Abscesses
were present in 6.0% of CD patients (12) and 1.1% of UC patients (2 pts). Eight of the
abscesses present prior to or at diagnosis of CD patients were located perianally, the
other four were located in the abdomen. Eight CD patients (4.0%) were diagnosed
with an abscess prior to being diagnosed with CD, of which six were located
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perianally and two in the abdomen, with a median time from abscess to IBD
diagnosis of 4.4 months (range 1.1-57.6). Four CD patients (2%) were simultaneously
diagnosed with an abscess and CD. Both UC patient’ abscesses were located
perianally. In the first patient the abscess was described not to be related to IBD and
extensive diagnostics did all indicate UC. In the other UC patient the abscess was
diagnosed 14 years before being diagnosed with IBD. None of the IBDU patients were
either diagnosed with perianal fistulas or abscesses before or at the time of
diagnosis.
Extraintestinal manifestations
As shown in table 3, five CD patients (2.5%) had erythema nodosum at diagnosis.
Nine patients (2.2%) were suffering from arthritis (6 CD (3.0%) and three UC patients,
(1.6%)). Twelve patients (2.9%) had anal fissures (8 CD (4.0%) and four UC (2.1%)).
Two CD patients (1.0%) had an inflammation of the eye, as a first clinical
manifestation of their IBD. None of the IBDU patients had extraintestinal
manifestations. In total, 13 of 413 patients (3.1%) suffered from extraintestinal
manifestations at diagnosis.
Table 3│ Extraintestinal manifestations at diagnosis
Total
n= 413

8 (4.0%)
6 (3.0%)

Ulcerative
Colitis
n= 188
4 (2.1%)
3 (1.6%)

5 (2.5%)

0

0

2 (1.0%)

0

0

Crohn’s disease
n=201

fissures
12 (2.9%)
arthritis
9 (2.2%)
erythema
5 (1.2%)
nodosum
Inflammation of
2 (0.5%)
the eye
Abbreviations used: IBDU: Unclassified
presented as n (%).

IBDU
n= 24
0
0

Inflammatory Bowel Disease. All numbers are

Initial treatment
The initial therapy of the Delta cohort was as follows: 71.9% (297 pts, 110CD, 167
UC, 20 IBDU) received 5-aminosalicylic acid, 36.8% (152 pts, 111 CD, 37 UC, 4 IBDU)
were prescribed steroids, 6.3% (26 pts, 22 CD, 4 UC and 0 IBDU)
immunosuppressants, 1.5% (6 pts, 6 CD) anti-TNFα and 3.1 % (13 pts, 8 CD, 2 UC, 3
IBDU) received no initial treatment. In total 5.8% (24 pts) of the patients underwent
surgery (subtotal colectomy in 1, Right hemicolectomy in 2, small bowel resection in
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3, resection both part small bowel and part colon in 1 and ileocecal resection in 11
pts) within 3 months before and after the diagnosis of IBD (CD patients only).

Discussion
In this Dutch population-based cohort study conducted in the biologics era, 31% of
CD patients had complicated disease at diagnosis. 39% of CD patients were
diagnosed with ileocolitis, perianal disease was present in 9.5%, and the upper
gastrointestinal tract was involved in 4% of CD patients. The most frequent disease
location was left sided colitis for UC patients (51%). Severe endoscopic lesions were
reported in 34% of CD and 26% of UC patients. About 3% of IBD patients had
extraintestinal manifestations at diagnosis.
In our cohort of 413 IBD patients, 5.8% were diagnosed with IBDU, which is similar
to the percentage found in a meta-analysis18. The ratio of CD and UC in our cohort
was almost 1:1 (1.07:1). Although, historically, UC is reported to have a higher
prevalence19 recent cohort studies showed that the incidence of CD increases faster
than that of UC; in 2006 this incidence exceeded the incidence of UC20-22. This may
account for the similar incidence of CD and UC in our cohort. Historically, the peak
onset of UC and CD was in late puberty and early adulthood. In some studies, a
second peak of onset was observed in 50 to 70- year-olds23. In the European
Collaborative study on IBD (EC-IBD) cohort, the peak onset of CD was 20 years; in UC,
the peak age was between 25 and 30 years. In the Inflammatory Bowell SouthEastern Norway (IBSEN) cohort, the median age at onset was 37 years in UC and 28
years in CD24, 25. More recent population-based IBD cohorts showed that the median
age at onset was higher, up to 44 years of age in CD and 47 years of age in UC22, 26-29.
The patients enrolled in our cohort appear slightly older than in previous studies.
However, our findings are in line with those coming from recent population-based
cohorts22, 26. IBD has been reported to affect both sexes almost equally, with a slight
predominance of women in CD, and a male/female ratio ranging from 1.0 to 2.0 in
UC19, 26-28, 30, 31. In our study females also predominated in CD and predominated
slightly in IBDU, but in UC a slight male predominance was observed.
In population-based cohort studies the rate of a familial history of IBD ranged
between 6 and 14 % in CD and between 2.8 and 11.1% in UC patients22, 32-34. Only
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Ott et al. reported the rate of familial IBD in IBDU (15%) 32. Gearry et al. reported an
incidence of 34% in CD and 32% in UC, but they reported not only first-in-line
relatives suffering from IBD, but also ‘other relatives’ 35. The rates were 17.4% in CD,
12.8% in UC and 12.5% in IBDU in our population-based cohort. In cohorts studies
the rate of active smokers at diagnosis ranged from 35% to 50% in CD and 19% to
65.5% in UC21, 22, 27, 32, 36. In line with previous reports 41.3% of CD patients, 8.3% of
UC patients and 25.0% of IBDU patients ever smoked in our cohort. More UC patients
were found to be former smokers at the time of diagnosis, thus confirming the
protective effect of tobacco in UC37.
Previous studies have shown great variations with regard to disease localization in
CD, possibly as a result from differences in diagnostic criteria used across the
studies3, 38. Large cohort studies reported isolated terminal ileitis in 15 to 35% of the
patients with CD, isolated colonic disease in 18 to 52% of CD patients, ileocolitis in
22 to 44% and inflammation in the upper gastrointestinal tract (L4) in 2 to 14% 16, 21,
22, 25, 27, 29, 32, 34, 36, 39
. The disease extension in our CD patients lies within these ranges
(table 2). A non-stricturing non-penetrating phenotype was reported in 61-74%,
stricturing disease in 4-28%, and penetrating disease in 8-24% of CD patients.
Perianal disease at diagnosis was observed in 2-11% of patients, except for a Greek
cohort, in which perianal disease was present in 24.8% of the patients22, 25, 29, 32, 34, 39.
Our results are also in line with these reports.
The disease extension of UC in our cohort did not differ from that previously
reported in other cohorts22, 29, 32, 36. Nevertheless the prevalence of left-sided colitis
was higher in our cohort than in the IBSEN cohort, the Copenhagen cohort, the
Olmsted county cohort, and the Croatian cohort21, 39-41. A Romanian cohort reported
an even higher rate of left-sided colitis (65.6%) 27.
Due to the lack of universal definition of IBDU (also called indeterminate colitis (IC))
in the past, it is difficult to compare the results of our cohort with other previously
published observations42. Except for the IBSEN cohort, large population-based IBD
cohorts did not mention IC patients, or the patients were not misclassified using
stringent criteria19, 21, 22, 32, 35, 39, 43. In the IBSEN cohort 27% of their IC patients suffered
from proctitis, 35% from left-sided colitis and 38% from extensive colitis40. The
discrepancy between our findings and data from the IBSEN cohort may be partly
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explained by differences in the definition used and not be necessarily reflect the
changes of the disease presentation over the past decades.
Only Gheorghe et al. described disease severity at diagnosis, being 15.2% mild, 52.9%
moderate and 31.9% severe in CD patients, and 46.6% mild, 36.1% moderate and
17.1% severe in UC patients. However there was no distinction between endoscopic
and microscopic disease severity. The prevalence of severe disease CD is comparable
to the prevalence found in our cohort, whereas in UC, there were more patients with
severe disease and less with mild disease.
Vind et al. reported internal fistulas in 2.4% and external fistulas in 6.3% of CD
patients at diagnosis21. Moum et al. reported fistula and abscesses in 41 of 225 CD
(18%) patients at diagnosis 38. Furthermore, Eglinton et al. showed a peak incidence
of perianal lesions around the time of CD diagnosis44. These results are broadly
similar to our findings. Only three cohort studies reported extraintestinal
manifestations at diagnosis, two of them mentioning them only32, 33, 39. PeyrinBiroulet et al. found that extraintestinal manifestations were present in 15.1% of CD
patients at diagnosis, whereas Sincic et al. reported arthritis in 18% of newly
diagnosed CD patients33, 39. Ott et al. reported extraintestinal manifestations of IBD
more extensively; their findings correlate with ours, except for a lower incidence of
eye involvement at diagnosis in UC patients in our cohort (0% vs. 3.8% p = 0.016) and
a trend towards fewer arthritis in our UC patients (1.6% vs. 5.7%, p = 0.07)32. Our
cohort was created in a population-based manner, with an enrolment of all
consecutive newly diagnosed IBD patients. This leaves us with an accurate evaluation
of the true frequency of extraintestinal manifestations at diagnosis, without
significant drop-outs.
Above we focussed on methodological differences between the Delta cohort and
previously published cohorts. However, besides methodological differences we also
have to take into account other cohorts coming from countries with a different
environmental, cultural, hygienic, and life-style background. This might indicate that
IBD in the Netherlands presents itself slightly different. We therefore also compared
our cohort to the only other known Dutch IBD cohort, namely the South-Limburg (SL) cohort. The most striking differences are the shift towards a more complex
phenotype at diagnosis (CD, L1: S-L 31% vs. Delta 21% (p= 0.012), B1: S-L 76% vs.
Delta 69% p= 0.020, UC, E1: S-L 38% vs. Delta 29% p= 0,030) 45. Additionally, the CD:
UC ratio in the S-L cohort is 1:1.32, whereas in our cohort it is almost 1:1, with slightly
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more CD patients45. The differences between these two cohorts coming from the
same country may be explained by regional differences; however they are more
likely to be time related, as patients in the S-L cohort were included from 1991 until
2002, thus indicating the first presentation of IBD has changed over two decades.
In conclusion, our population-based cohort of newly diagnosed IBD patients is a
representative cohort of the beginning of the 21st century in the era of new
diagnostic modalities. Our findings indicate that IBD still has an aggressive,
complicated phenotype at diagnosis in the biologics era and that efforts should be
made towards a better management of early IBD.
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Abstract
Background
Anti-Tumor Necrosis Factor α (anti-TNFα) treatment was demonstrated to have
disease modifying abilities in IBD. With this study, we aimed to determine the effect
of anti-TNFα timing on IBD-disease complications and mucosal healing (MH).
Methods
The following IBD-related complications were tested in relation to timing of antiTNFα therapy start in newly diagnosed IBD patients (n=413): fistula formation,
abscess formation, EIMs surgery, referral to academic center and MH.
Results
Eighty-five patients (21%) received anti-TNFα (66 CD, 16 UC, 3 IBDU) of whom 57%
(48 pts) < 16 months after diagnosis. Patients receiving anti-TNFα early (<16 months)
did not differ from patients receiving anti-TNFα late (>16 months) regarding gender,
age, smoking status and familial IBD. More importantly, patients receiving anti-TNFα
early did not suffer less IBD-related complications during follow-up as compared to
patients started on anti-TNFα late, nor was more MH observed. Similar results were
obtained when anti-TNFα treated patient were stratified more stringently, i.e. <12
months (40 pts) vs. >24 months (24 pts). Cox-regression analysis showed no
beneficial correlations between anti-TNFα timing and IBD-related complications.
Anti-TNFα treated patients achieving MH were 11 times less likely to develop EIMs
compared to patients who did not achieved MH while on anti-TNFα.
Conclusion
This study was unable to confirm a benefit for earlier anti-TNFα treatment on IBDdisease complications. This could be explained by more aggressive treatment earlier
in disease, resulting in fewer IBD complications. However, it seems more likely that
inappropriate selection of patients for therapy leads to suboptimal treatment and
subsequently outcome
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Introduction
There is considerable variation in the disease severity and progression in patients
suffering from inflammatory bowel diseases (IBD). IBD-related complications
associated with severity of disease include extraintestinal manifestations (EIM) such
as arthritis, ocular manifestations, dermatological manifestations and perianal
disease. EIMs may affect up to 35% of IBD patients1-2, whereas the lifetime risk for
developing fistulas in patients with Crohn's disease (CD) is reported to be between
20% and 40% 3-5. The overall prevalence of perianal abscesses, fistulas, fissures and
ulcers is reported to be between 25 and 80% 6-8. EIM and penetrating disease
correspond with an increased burden of disease and decreased quality of life9-10.
Patients diagnosed with these IBD-related complications are increasingly treated
with drugs at the top of the treatment pyramid11-13. There is increasing evidence that
treating patients more aggressively earlier in the disease course will prevent the
development of IBD-related complications14-15. This mostly relies on studies
implicating anti-Tumor Necrosis Factor (anti-TNFα) drugs to have the ability to
modify the natural course of the disease15-17. For example, anti-TNFα has been
demonstrated to induce mucosal healing, which seems to be correlated with long
term disease remission17. However, data demonstrating the effect of starting antiTNFα early after diagnosis on limiting IBD-related complications in a population
based setting are lacking.
With this study, we aimed to determine the effect of receiving anti-TNFα early as
opposed to receiving anti-TNFα later on IBD disease complications and mucosal
healing. Additionally, we wanted to provide insight into the incidence of IBD
complications shortly after diagnosis in a population based cohort.

Methods
Patient selection
The population based Delta cohort has been described previously18.We included 413
newly diagnosed IBD patients between January 1, 2006 and January 1, 2007 in nine
general hospitals in the South-West of the Netherlands. Data on patient and disease
characteristics were obtained from the patients’ medical charts.
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Treatment
Early anti-TNFα treatment was determined as starting anti-TNFα within 16 months
after diagnosis, whereas late anti-TNFα was determined as starting after 16 months.
In addition, for a more stringent stratification, patients receiving anti-TNFα <12
months after diagnosis were compared to patients receiving anti-TNFα >24 months
after diagnosis. Concomitant immunosuppressive (IS) treatment was classified as
none, partly (concomitant IS use for 40 – 70% of the time under anti-TNFα treatment)
or total (treated with IS for >70% of the time under anti-TNFα treatment).
Patient and disease characteristics
Patients were diagnosed according to the Lennard-Jones criteria for IBD19. Disease
characteristics were scored according to the Montreal criteria20. For each patient,
the following baseline characteristics were retrieved: date of birth, comorbidities,
smoking status and familial IBD status. For disease location and characteristics,
patients with IBDU were classified as patients with UC. All endoscopy, pathology,
radiology, and surgical reports were retrieved. Endoscopy and histological reports
were scored for disease extension, characteristics and disease severity according to
the Montreal criteria and the Mayo score20-21. All outpatient clinic visits were
evaluated separately. For each outpatient clinic visit and hospitalization between
diagnosis and end of follow-up, current treatment, reasons for changing therapy,
current complaints, and the corresponding laboratory results were collected. End of
follow-up was January 1, 201018. During the data collection we took specific notice
of patients suffering from penetrating disease, being either abscesses or fistulas, and
extraintestinal manifestations, being erythema nodosum, pyoderma gangrenosum,
psoriasis, arthritis, ocular manifestations, aphthous stomatitis and anal fissures.
Mucosal healing (MH) was defined as absence of active disease during endoscopy
and pathology22.
Statistics
Statistical analyses were performed using descriptive statistics, independent t-tests,
Mann-Whitney nonparametric tests, chi square (Χ2) tests and Fisher’s exact test.
Independent samples t-tests were used to compare means. Proportions were
compared using the Χ2 test or Fisher’s exact test. Correlations were assessed using a
logistic regression and cox-regression using the enter method expressed as odds
ratios (OR) with 95% confidence interval (CI) or hazard ratios (HR) with 95%

Benefit for earlier anti-TNF treatment on IBD disease complications? | 77
confidence interval (CI) respectively. Two-sided P-values <0.05 were considered
significant. Statistical analyses were performed using SPSS for Windows software
(v21.0, Chicago IL).

Results
In total, 413 IBD patients were included, (201 CD, 188 UC, and 24 IBDU). The mean
age at onset was 38.00 years (14-95). Of the patients, 218 (52.8%) were females.
Median duration of follow-up was 38.93 months (0.2-47.9). Overall, 85 patients
(20.6%) received anti-TNFα treatment.
IBD Treatment
Initial therapy after IBD diagnosis in the Delta cohort has been described before18.
Sixty-six CD patients used anti-TNFα during follow-up, of which 52% (34 pts) started
this treatment within 12 months after diagnosis and 62% (41 pts) within 16 months
after diagnosis. In two CD patients, the decision for anti-TNFα treatment was made,
but they never started the treatment. One of these patients died from an unknown
cause before the first administration and one patient had a positive quantiferon test.
Of the 66 CD patients receiving anti-TNFα, 77.3% (51 pts) received IFX, 15.2% (10 pts)
received IFX as well as ADA, and 7.5% (5 pts) received ADA only. One patient after
being treated with IFX and ADA earlier, was later started on certolizumab. Sixteen
UC patients received anti-TNFα, of which five within 16 months after diagnosis.
Eleven UC patients received anti-TNFα more than 16 months after diagnosis.
However, two patients did not receive the drug for the primary indication of IBD, but
for rheumatoid arthritis (ADA) and ankylosing spondylitis (IFX). The other 14 patients
all received IFX, of which one later switched to ADA because of side-effects to IFX.
Three IBDU patients received anti-TNFα (all IFX), of whom two patients started
within 16 months after diagnosis. More details about anti –TNFα use can be found
in table 1. Of the 85 patients treated with anti-TNFα, 44 (51.7%) were concomitantly
treated with IS and 20 (23.5%) were partly concomitantly treated with IS. An
overview of concomitant IS treatment can be found in figure 1.
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Table 1│ Details response on anti-TNFα
IFX (n= 79)
ADA (n= 17)
Dose escalation
4
0
Dosing more frequently
9
3
Dosing less frequently
5
0
Dosing more frequent after
2
0
being dosed less frequently
Side-effects
23
2
Stop due to side-effects
15a
1
Anti-bodies
n.a.
1
Stop treatment
42
3
Primary non-response
2
0
Clinical sustained remission
30
8
Continuous use till end
37
14
follow-up
a
of which two patients restarted IFX later. Numbers are presented as number of patients, n.
Abbreviations used: IFX = infliximab, ADA = adalimumab, n.a. = not applicable.
Figure 1│ concomitant IS treatment
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Disease complications
Of the 413 patients in this cohort, 12.8% (53 pts) suffered from penetrating disease.
A total of 9.9% (41 pts) were diagnosed with fistulas, of which 22 patients already
suffered from fistulas at diagnosis (20 CD, 2 UC). Furthermore, 6.8% (28pts)
developed abscesses, of which 14 patients (12 CD, 2 UC) suffered from abscesses at
diagnosis. EIMs were present in 17.7% (73 pts; 52 CD, 20 UC, 1 IBDU) of the patients
in our cohort. A detailed differentiation of the EIMs can be found in table 2.
Table 2│Intestinal manifestations in the Delta Cohort
Total (n = 413)
Abscess
28 (6.8%)
Arthritis
25 (6.1%)
Aphtous stomatitis
9 (2.2%)
Erythema nodosum
8 (1.9%)
Fistula
41 (9.9%)
Abdominal
16
Perianal
25
Fissures
14 (3.4%)
Ocular involvement
8 (1.9%)
Liver
1 (0.3%)
Psoriasis
5 (1.3%)
Pyoderma gangrenosum
0
Numbers are presented as number of patients, n (%)

Anti-TNFα (n= 85)
13 (15.3%)
11 (12.9%)
5 (5.9%)
5 (5.9%)
22 (25.9%)
5
17
4 (4.7%)
3 (3.5%)
0
2 (2.4%)
0

Surgery
Within follow-up, 13.8% of the newly diagnosed IBD patients (57 pts) underwent IBDrelated surgery. The overall median time to surgery was 2.46 months (mean 10.71
months, range 0-46.26). Of the CD patients, 23.4% (47 pts) underwent 78 IBD-related
surgical procedures, 36 (46%) of which were resections. The mean time to IBDrelated surgery in CD patients was 6.95 months (median 0.53 months). Ten UC
patients (17.5%) underwent 18 surgical procedures (19.4% of all surgeries), in which
the median time to surgery was 33.2 months (mean 28.6, range 2.3-46.4). An
overview of all surgical procedures can be found in table 3.
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Table 3│ Surgical procedures
Patients, n (%)
Ileocecal resection, n
Colon resection, n
Proctectomy, n
Mucosectomy, n
Small bowel resection, n
Right hemicolectomy with
resection of ileum, n
Isolated part colon and
isolated part small bowel, n
Stoma surgery, n
Abscess and fistula surgery, n

Total n= 413

Anti-TNFα n = 85

57 (13.8%)
18
17
1
1
4

21 (24.7%)
3
8
0
0
1

2

1

2

1

9
19
(plus 13 before diagnosis)

3
10
(plus 2 before diagnosis)

Abdominal exploration
10
3
without bowel resection, n
Appendectomies, n
16
5
Other IBD surgery linked
5
3
reasons, n
Abscess drainage under
15
3
radiology, n
All surgical procedures in the Delta cohort from diagnosis until end of follow-up.
Numbers are presented as numbers of procedures.
Abbreviations used: anti-TNFα; anti- tumour necrosis factor.

Treatment vs. outcome
The median follow-up of anti-TNFα treated patients was 41.4 months (range 15.5 –
47.9). Of the 85 patients receiving anti-TNFα, 48 did so within the first 16 months
after diagnosis. More CD patients received anti-TNFα compared to UC+IBDU patients
(p <0.0001) and more CD patients received early anti-TNFα (p = 0.05). Patients
receiving anti-TNFα early (<16 months) did not differ from patients receiving antiTNFα late (>16 months) regarding gender, age, smoking status and familial
occurrence of IBD. More importantly, patients receiving anti-TNFα early did not
suffer less EIMs, IBD-related surgery or resection, fistulization or abscess formation
during follow-up as compared to patients who were started on anti-TNFα late.
Removing ileocecal resections out of the analysis did not result in a differences in
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surgery and resection rates between the groups. Similar results were obtained when
patient groups were stratified more stringently, i.e. <12 months (40 pts, 34 CD, 5UC,
1 BDU) to anti-TNFα vs. >24 months to anti-TNFα treatment (23 pts, 16 CD, 7 UC),
with the exception of referrals to an academic center, which occurred more often in
patients receiving anti-TNFα <12 months after diagnosis (p = 0.030). When analyzing
the development of complications after the administration of anti-TNFα, early antiTNFα receivers developed more fistulas compared to patients receiving anti-TNFα
late (p = 0.014), which was also the case in the stringent separation (p = 0.012). In a
logistic regression analysis a correlation between anti TNF early vs. late and fistula
formation after TNF administrations was found, showing a protective effect of late
anti-TNFα (OR 0.11, CI 0.01-0.087). However, there were no differences in the
amount of fistulas before starting anti-TNFα, neither between patients receiving
anti-TNFα <16 months vs. >16 months, nor between patients receiving the drug <12
months vs. >24 months. A cox-regression analysis was performed in order to correct
for the time of complication occurrence. Analysis of a possible correlation between
the overall time to anti-TNFα and the occurrence of complications, showed no
correlations regarding EIMs, resections, overall IBD surgery, abscess formation,
fistula formation, or referral to an academic center. Thus no indication of a beneficial
effect of earlier anti-TNFα over late anti-TNFα was found. A comparison of the
complication free survival between early and late treated anti-TNFα patients can be
found in figure 2.
As there is not enough evidence for an equal effect of IFX in UC patients compared
to CD patients, an additional analysis in CD patients only was performed, but again,
no differences were found between patients receiving anti-TNFα early vs. late, either
using the 16 months cut-off, or using the <12 months, >24 months stratification.
Lastly, as using IS concomitant to anti-TNFα is believed to further improve disease
outcome, we corrected our findings for concomitant IS use, as more patients using
anti-TNFα early were concomitantly treated with IS (p <0.0001 in <16 months vs. >16
months and p = 0.02 in <12 months vs. >24 months). We again were unable to prove
differences between using early vs. late anti-TNFα regarding abscesses or fistula
formation, EIMs, surgery, resection or referral to academic centers.
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Figure 2│Complication free survival in anti-TNFα treated patients

Mucosal healing
MH status could be determined in 227 of 412 patients. Forty of these patients
(17.6%, 19 CD, 18 UC, 3 IBDU) showed MH. In 74 of the 85 patients treated with antiTNFα MH status could be determined and in five patients (6.8%, 4 CD, 1 IBDU) MH
was seen during endoscopy. When comparing the <16 with the >16 group, there was
a difference in the amount of patients undergoing a second endoscopy (p=0.014),
However, this difference disappeared when using the more stringent criteria (<12 vs.
>24 months p =0.08). Furthermore there were differences in the time to second
endoscopy when comparing the early treated with the late treated group (<16 vs.
>16 p = 0.024, <12 vs. >24 p = 0.006).
There were no differences in the amount of patients achieving MH in the <16 months
vs. >16 months group (p = 0.18), nor when comparing the <12 months and >24
months group (p = 0.22). Considering the small amount of anti-TNFα treated patients
achieving MH, we were unable to further analyze differences between patients
achieving anti-TNFα early and patients achieving anti-TNFα late.
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Discussion
Overall, one third of newly diagnosed IBD patients in the Delta cohort experienced
an IBD-related complication in the first few years after diagnosis. Close to one fifth
had EIMs, 13% had fistulas or abscesses and 14% required surgery. Additionally 21%
of newly diagnosed IBD patients started on anti-TNFα already within the first few
years after diagnosis, of which almost half did so within the first year. We were
unable to find a beneficial effect of starting anti-TNFα early compared to starting
anti-TNFα late with respect to the occurrence of disease complications, MH and
surgery.
Population based data regarding the short term incidence of fistulas and abscesses
are also scarce. The peak incidence of perianal lesions is shown to be around the
time of diagnosis, with incidence rates ranging from 2% - 18% 23-24. Previously
published studies regarding cumulative incidence of fistulas and abscesses report
1.4% of UC patients to have fistulas within the first five years after diagnosis and
0.6% to have abscesses. Of the CD patients 8.5% suffered from fistulas within the
first five years after diagnosis and 12.3% patients had abscesses25. These results are
similar to the incidences we found in the Delta cohort.
The reported lifetime risk for the development of IBD-related EIMs ranges from 6 to
47% 26-28. Previously published cohorts report an incidence of extraintestinal
manifestations at diagnosis ranging between 15% and 27 29-30. There is little known
about the cumulative incidence of extraintestinal manifestations in relation to the
IBD disease duration, which precludes direct comparison of the EIM incidence in our
cohort with reported numbers. Compared to cohort studies which do mention EIMs
in follow-up, we seem to find fewer EIMs in follow-up. We were unable to identify
one particular reason for this, as there were many methodological differences26, 31.
Our cohort was created in a population-based manner, with an enrolment of all
consecutive newly diagnosed IBD patients. We therefore do not expect to have
missed many extraintestinal manifestations. However, immunosuppressant and
anti-TNFα treatment rates are higher in our cohort compared to previously published
studies, which might contribute to our lower EIMs incidence rate26, 31.
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Among published studies, surgical resection rates vary widely over time, ranging
from 25% to 61% at five years32. The incidence of IBD related surgery is known to
have a peak in the first years after diagnosis while remaining stable afterwards33.
Indeed we confirmed a relatively high incidence of IBD related surgery when
compared to the ICURE cohort34. Another cohort reporting cumulative resection
rates, reports an incidence of 12% in CD patients and 6% in UC within the first year
in patients diagnosed in 2003-2004. This is comparable to the rates in the CD patients
in the Delta cohort, but UC patients had less resections in their first year after
diagnosis35. However, again, in the reported study fewer patients were treated with
anti-TNFα compared to our cohort (5% CD and 1% UC vs. 32.8 % CD and 8.5% UC in
the Delta cohort) 35.
A few limitations are to be mentioned regarding our study. Firstly this study was
conducted retrospectively. In 224 of 413 patients, MH could be determined. It is
more likely patients underwent an endoscopy because of limited response to
therapy or because of disease worsening, than to determine MH. Therefore MH rates
might actually be higher than we are able to report here. However, a relatively high
percentage of patients receiving anti-TNFα underwent a second endoscopy (74 of 85
pts). While the numbers of anti-TNFα treated patients achieving MH was low, these
data show that MH is not limited to either one of the anti-TNFα treatment strategies.
However, considering this small amount of anti-TNFα treated patients achieving MH,
we were unable to further analyze differences between patients achieving anti-TNFα
early and patients achieving anti-TNFα late.
Additionally, there is no consensus regarding the definition of “early treatment”. In
our cohort, we used two definitions of early treatment, but neither showed a
beneficial effect over starting later. The patients in our cohort developed less disease
complications and also used more IS and anti-TNFα when compared to previously
published cohorts. This could be an indication that the patients in the Delta cohort
might be treated more aggressively earlier on which influences outcome.
Anti-TNFα has been shown to have disease modifying abilities15, 36-39, however, we
were unable to detect such an effect in our cohort, as there were no differences in
total disease outcome or mucosal healing between patients starting anti-TNFα early
or late, nor between patients receiving anti-TNFα vs. patients not receiving antiTNFα. In contrast, we observed that patients who start anti-TNFα early are more
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likely to develop fistulas afterwards, in contrast to the study by Baert et al. 17. This
unexpected outcome could not be explained by preexistent fistulas before start of
treatment. The cox-regression analysis did not show differences in the amount of
fistulas after anti-TNFα administration. This might indicate that the limits of the
therapeutic arsenal are reached sooner in patients who start anti-TNFα earlier.
Another explanation might be that patients starting anti-TNFα early indeed show a
more complicated disease course. However, as there were no other differences in
disease complications between the groups, this does not seem likely at this point of
disease follow-up.
Theoretically it is conceivable that the indication for early start of anti-TNFα therapy
is linked to the development of fistulas, whereas treatment of patients with antiTNFα late is due to failure of previous treatment or progression of the disease itself.
However, there was neither a difference in the overall amount of patients suffering
of fistulas in the early vs. the late group, nor in the amount of patients developing
fistulas before the start of anti-TNFα treatment.
We were unable to detect parameters related to anti-TNFα therapy timing. It seems
that patients are sometimes started on anti-TNFα based on ‘gut feeling’ or ‘instinct’
of physicians. Unselected administration of treatment might result in patients who
would benefit from early anti-TNFα ending up in the late anti-TNFα group and vice
versa. With this, an overall picture is emerging in which anti-TNFα is given as a last
resort to patients with perceived disease severity rather than to patients who are
most likely to benefit from this treatment. We previously found disappointing
durable remission rates in complex Crohn’s disease fistulas13. In this study we see
that even when corrected for disease severity at diagnosis, not receiving anti-TNFα
makes patients more likely to achieve MH, which contrasts with previous studies17.
This, alongside our finding that anti-TNFα treated patients who do achieve MH are
less likely to develop EIMs strengthens the idea that inappropriate selection of
patients, rather than early anti-TNFα administration is related to this disappointing
effect of anti-TNFα treatment.
In conclusion, we were unable to confirm a benefit for earlier anti-TNFα treatment
on the amount of IBD disease complications in our patients. It seems that in the Delta
cohort, treatment strategies differed from earlier studies, with patients being
treated more aggressively early on, resulting in less development of IBD
complications and a population to homogeneous to detect differences in outcome.
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However it is also possible that inappropriate selection of patients for a specific
therapy led to a suboptimal drug efficacy, lacking the ability to modify the natural
course of the disease and prevent the development of disease complications. Future
research should aim to distinguish between these two possibilities and elucidate the
appropriate method for selecting patients with an undesirable IBD disease outcome.

Benefit for earlier anti-TNF treatment on IBD disease complications? | 87

References
1.
2.

3.
4.
5.

6.
7.
8.
9.
10.

11.

12.
13.

14.
15.

16.

17.

Su CG, Judge TA, Lichtenstein GR. Extraintestinal manifestations of inflammatory
bowel disease. Gastroenterol Clin North Am. 2002;31:307-327.
Barreiro-de Acosta M, Dominguez-Munoz JE, Nunez-Pardo de Vera MC, Lozano-Leon
A, Lorenzo A, Pena S. Relationship between clinical features of Crohn's disease and
the risk of developing extraintestinal manifestations. Eur J Gastroenterol Hepatol.
2007;19:73-78.
Steinberg DM, Cooke WT, Alexander-Williams J. Abscess and fistulae in Crohn's
disease. Gut. 1973;14:865-869.
Farmer RG, Hawk WA, Turnbull RB, Jr. Clinical patterns in Crohn's disease: a
statistical study of 615 cases. Gastroenterology. 1975;68:627-635.
Rankin GB, Watts HD, Melnyk CS, Kelley ML, Jr. National Cooperative Crohn's
Disease Study: extraintestinal manifestations and perianal complications.
Gastroenterology. 1979;77:914-920.
Sangwan YP, Schoetz DJ, Jr., Murray JJ, Roberts PL, Coller JA. Perianal Crohn's
disease. Results of local surgical treatment. Dis Colon Rectum. 1996;39:529-535.
Lockhart-Mummery HE. Symposium. Crohn's disease: anal lesions. Dis Colon
Rectum. 1975;18:200-202.
McClane SJ, Rombeau JL. Anorectal Crohn's disease. Surg Clin North Am.
2001;81:169-183, ix.
Felley C, Mottet C, Juillerat P, et al. Fistulizing Crohn's disease. Digestion.
2007;76:109-112.
Kasparek MS, Glatzle J, Temeltcheva T, Mueller MH, Koenigsrainer A, Kreis ME. Longterm quality of life in patients with Crohn's disease and perianal fistulas: influence
of fecal diversion. Dis Colon Rectum. 2007;50:2067-2074.
Van Assche G, Dignass A, Reinisch W, et al. The second European evidence-based
Consensus on the diagnosis and management of Crohn's disease: Special situations.
J Crohns Colitis. 2010;4:63-101.
Biancone L, Michetti P, Travis S, et al. European evidence-based Consensus on the
management of ulcerative colitis: Special situations. J Crohns Colitis. 2008;2:63-92.
Molendijk I, Nuij VJ, van der Meulen-de Jong AE, van der Woude CJ. Disappointing
Durable Remission Rates in Complex Crohn's Disease Fistula. Inflamm Bowel Dis.
2014.
Baert F, Caprilli R, Angelucci E. Medical therapy for Crohn's disease: top-down or
step-up? Dig Dis. 2007;25:260-266.
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;371:660-667.
Peyrin-Biroulet L, Oussalah A, Williet N, Pillot C, Bresler L, Bigard MA. Impact of
azathioprine and tumour necrosis factor antagonists on the need for surgery in
newly diagnosed Crohn's disease. Gut. 2011;60:930-936.
Baert F, Moortgat L, Van Assche G, et al. Mucosal healing predicts sustained clinical
remission in patients with early-stage Crohn's disease. Gastroenterology.
2010;138:463-468; quiz e410-461.

4

88 | Chapter 4
18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Nuij VJ, Zelinkova Z, Rijk MC, et al. Phenotype of Inflammatory Bowel Disease at
Diagnosis in the Netherlands: A Population-based Inception Cohort Study (the Delta
Cohort). Inflamm Bowel Dis. 2013.
Lennard-Jones JE. Classification of inflammatory bowel disease. Scand J
Gastroenterol Suppl. 1989;170:2-6; discussion 16-19.
Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal classification of
inflammatory bowel disease: controversies, consensus, and implications. Gut.
2006;55:749-753.
D'Haens G, Sandborn WJ, Feagan BG, et al. A review of activity indices and efficacy
end points for clinical trials of medical therapy in adults with ulcerative colitis.
Gastroenterology. 2007;132:763-786.
Rutgeerts P, Feagan BG, Lichtenstein GR, et al. Comparison of scheduled and
episodic treatment strategies of infliximab in Crohn's disease. Gastroenterology.
2004;126:402-413.
Vind I, Riis L, Jess T, et al. Increasing incidences of inflammatory bowel disease and
decreasing surgery rates in Copenhagen City and County, 2003-2005: a populationbased study from the Danish Crohn colitis database. Am J Gastroenterol.
2006;101:1274-1282.
Moum B, Vatn MH, Ekbom A, et al. Incidence of Crohn's disease in four counties in
southeastern Norway, 1990-93. A prospective population-based study. The
Inflammatory Bowel South-Eastern Norway (IBSEN) Study Group of
Gastroenterologists. Scand J Gastroenterol. 1996;31:355-361.
Froslie KF, Jahnsen J, Moum BA, Vatn MH, Group I. Mucosal healing in inflammatory
bowel disease: results from a Norwegian population-based cohort.
Gastroenterology. 2007;133:412-422.
Vavricka SR, Brun L, Ballabeni P, et al. Frequency and risk factors for extraintestinal
manifestations in the Swiss inflammatory bowel disease cohort. Am J Gastroenterol.
2011;106:110-119.
Bernstein CN, Blanchard JF, Rawsthorne P, Yu N. The prevalence of extraintestinal
diseases in inflammatory bowel disease: a population-based study. Am J
Gastroenterol. 2001;96:1116-1122.
Peyrin-Biroulet L, Loftus EV, Jr., Colombel JF, Sandborn WJ. Long-term
complications, extraintestinal manifestations, and mortality in adult Crohn's disease
in population-based cohorts. Inflamm Bowel Dis. 2011;17:471-478.
Sincic BM, Vucelic B, Persic M, et al. Incidence of inflammatory bowel disease in
Primorsko-goranska County, Croatia, 2000-2004: A prospective population-based
study. Scand J Gastroenterol. 2006;41:437-444.
Ott C, Obermeier F, Thieler S, et al. The incidence of inflammatory bowel disease in
a rural region of Southern Germany: a prospective population-based study. Eur J
Gastroenterol Hepatol. 2008;20:917-923.
Salvarani C, Vlachonikolis IG, van der Heijde DM, et al. Musculoskeletal
manifestations in a population-based cohort of inflammatory bowel disease
patients. Scand J Gastroenterol. 2001;36:1307-1313.

Benefit for earlier anti-TNF treatment on IBD disease complications? | 89
32.

33.

34.

35.

36.

37.

38.

39.

Wolters FL, Russel MG, Stockbrugger RW. Systematic review: has disease outcome
in Crohn's disease changed during the last four decades? Aliment Pharmacol Ther.
2004;20:483-496.
Rungoe C, Langholz E, Andersson M, et al. Changes in medical treatment and surgery
rates in inflammatory bowel disease: a nationwide cohort study 1979-2011. Gut.
2013.
Sjoberg D, Holmstrom T, Larsson M, et al. Incidence and clinical course of Crohn's
disease during the first year - Results from the IBD Cohort of the Uppsala Region
(ICURE) of Sweden 2005-2009. J Crohns Colitis. 2013.
Jess T, Riis L, Vind I, et al. Changes in clinical characteristics, course, and prognosis
of inflammatory bowel disease during the last 5 decades: a population-based study
from Copenhagen, Denmark. Inflamm Bowel Dis. 2007;13:481-489.
Sands BE, Blank MA, Patel K, van Deventer SJ, Study AI. Long-term treatment of
rectovaginal fistulas in Crohn's disease: response to infliximab in the ACCENT II
Study. Clin Gastroenterol Hepatol. 2004;2:912-920.
Feagan BG, Panaccione R, Sandborn WJ, et al. Effects of adalimumab therapy on
incidence of hospitalization and surgery in Crohn's disease: results from the CHARM
study. Gastroenterology. 2008;135:1493-1499.
Loftus EV, Feagan BG, Colombel JF, et al. Effects of adalimumab maintenance
therapy on health-related quality of life of patients with Crohn's disease: patientreported outcomes of the CHARM trial. Am J Gastroenterol. 2008;103:3132-3141.
Lichtenstein GR, Yan S, Bala M, Blank M, Sands BE. Infliximab maintenance
treatment reduces hospitalizations, surgeries, and procedures in fistulizing Crohn's
disease. Gastroenterology. 2005;128:862-869.

4

Chapter 5
Predicting undesirable disease in newly diagnosed IBD patients,
results from the Delta cohort
V.J.A.A. Nuij
G.M. Fuhler
C.W.N. Looman
R. Beukers
R.J.T. Ouwendijk
M.C.M. Rijk
A.J.P. van Tilburg
R. Quispel
K.F. Bruin
T.J. Tang
H. Smalbraak
F. Lindenburg
C.J. van der Woude
on behalf of the Dutch Delta IBD Group

Submitted

92 | Chapter 5

Abstract
Background
Personalized therapy for patients with inflammatory bowel disease (IBD) can lead to
a less disabling disease course. The aim of this study was to define predictors for an
adverse disease outcome at diagnosis in a population-based cohort.
Methods
IBD patients newly diagnosed in 2006 from the Delta cohort were included. We
redefined adverse disease outcome criteria as having fistulas, abscesses,
extraintestinal manifestations, hospitalization, IBD-related surgery or progression of
disease during follow-up.
Results
According to our criteria, 37% of patients suffered an adverse disease course. In
logistic regression, factors at diagnosis predicting outcome were having CD (OR 3.0,
CI 2.0-4.5), age <35 years (OR 1.7, CI 1.2-2.6), endoscopic disease severity at
diagnosis (p < 0.002) and a trend for histologic disease severity at diagnosis was
observed (p=0.084). In a cox-regression analysis, age <35 (p = 0.05, HR 1.4, CI 1.01.9) and more severe endoscopic disease at diagnosis (p = 0.014) were multivariately
associated with time to adverse disease development in follow-up.
Conclusion
Age <35 and endoscopic and histological disease severity at diagnosis are valuable
factors for predicting an adverse disease course using a modified definition of
adverse disease.
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Introduction
Inflammatory bowel diseases (IBD) are chronic disabling diseases of the gastrointestinal tract. In the current standard of care, treatments are applied in a step-up
fashion (‘step-up’ treatment). In the first years after IBD diagnosis a more
inflammatory state is often observed, which tends to stabilize after a few years1.
However, the disease phenotype is known to progress to a more complex one over
time2-4. Mucosal healing, improving quality of life and prevention of complications
are emerging treatment goals for the management of IBD, as they are associated
with lower relapse rates, fewer hospitalizations, less penetrating damage and a
reduced need for surgery5. Currently available drugs for IBD are potent enough to
induce mucosal healing in a majority of patients6-12. Nevertheless, with the current
therapeutic strategies, it continues to be impossible to modify the natural disease
course in IBD. D’Haens and colleagues showed in a step-up vs. top-down comparison
that when mucosal healing was achieved within two years of diagnosis, 70% of
patients remained in a stable clinical remission during the following two years13. This
indicates that aiming for mucosal healing immediately after diagnosis may outweigh
adherence to a fixed treatment strategy. Despite the top-down strategy being
increasingly advocated, scepticism of physicians prevents them from applying this
strategy to their own patients14,15. Furthermore, approximately 20% of newly
diagnosed adult IBD patients will experience a quiescent disease course for at least
five years without requiring the drugs in the top end of the therapeutic pyramid16, 17.
As such, earlier intensive treatment may only be the optimal approach for a selected
subset of patients, and identifying these patients is key13, 18-21.
We have previously shown in a large population based cohort (the Delta cohort) that
there was no benefit of starting anti-TNFα therapy early with respect to the
development of extra-intestinal manifestations22. However, in this cohort
treatments were not tailored to individual disease behaviour. Personalizing
treatment strategies based on disease characteristics might lead to an improved
drug efficacy23, 24. Unless treatment regimens are initiated based on individual needs,
they may actually serve to increase the burden of disease, as patients may
unnecessary suffer from side effects. Thus, implementing treatment strategies based
on a disabling disease score may potentially improve quality of life. In order to admit
the right patient to the right strategy, it would be helpful if development of a more
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complex phenotype could be predicted by disease characteristics or patient
characteristics already present at diagnosis. Disappointingly, in the daily practice,
clinically applicable predictors of IBD outcome at diagnosis are still lacking.
In order to identify patients likely to benefit from intensive treatment early on, a
‘disabling disease course’ has to be defined. Previously published hospital based
studies have suggested several definitions of IBD disease outcome in their attempt
to predict a disabling disease course25,26. Disabling disease was defined as: enduring
steroid requirement, hospitalization, presence of disabling chronic symptoms, need
for immunosuppressive therapy and intestinal resection or surgical operation for
perianal disease. However, there is debate regarding the usefulness of this definition
for an adverse outcome. Additionally, other parameters might help to better define
a disabling disease outcome, such as extraintestinal manifestations and the presence
of perianal abscesses and fistula, not just the surgery thereof.
With regards to the predictive parameters, several studies have suggested that early
onset IBD is a different IBD entity27-29. In addition, several studies have pointed out a
potential role for endoscopy in the prediction of IBD outcome30,31. Indeed, severe
endoscopic lesions in Crohn’s disease (CD) patients are associated with an increased
risk of penetrating disease and surgery30. Furthermore, extensive endoscopic lesions
during severe attacks of ulcerative colitis (UC) are associated with an increased risk
of colectomy both in the short and the long term31. Moreover, thus far, studies
including anti-TNFα treatment are scarce, whereas anti-TNFα agents are expected to
have an important modulatory effect on disease outcome.
With this study we aimed to define patients likely to benefit from early intensive
treatment by predicting adverse disease at diagnosis in a population based cohort in
the anti-TNFα era.

Methods
Patient selection
The population based Delta cohort has previously been described22,32. We
retrospectively included 413 IBD patients newly diagnosed between January 1, 2006
and January 1, 2007 in nine general hospitals in the southwest of the Netherlands.
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Data on patient characteristics and disease behaviour were obtained from the
patients’ medical charts.
Patient and disease characteristics
Patients were diagnosed according to the Lennard-Jones criteria for IBD33. Disease
location and disease behavior, such as luminal, structuring, or penetrating disease,
were scored according to the Montreal criteria and the Mayo criteria34, 35. Baseline
characteristics for these patients have been described previously32. Endoscopy,
pathology, radiology, and surgical reports were retrieved. Endoscopy and
histological reports were scored for disease extension, behavior, and severity.
Follow-up ended January 1st, 201032.
Disease score
Patients with disabling disease were initially characterised as having at least one of
the following criteria present during follow-up: more than two steroid courses
required and/or dependence on steroids; further hospitalization after diagnosis for
flare-up or complication of the disease; presence of disabling chronic symptoms
(cumulative time of more than twelve months of disabling symptoms within the four
year study period, including diarrhoea with nocturnal and/or urgent stools, intense
abdominal pain because of intestinal obstruction, fever, fatigue attributable to the
disease, joint pain, painful uveitis or pyoderma gangrenosum); need for
immunosuppressive therapy; and intestinal resection or surgical operation for
perianal disease25, 26.
These previously published criteria resulted in 52% of our patients being classified as
having disabling disease. This suggests an overinclusion of patients using these
criteria, hence the consensus reached by the Delta research group was to redefine
adverse disease outcome using the following outcomes: within the four year followup development of: more than one hospitalization, IBD-related surgery defined as
bowel resection, abscess or fistulas surgery or laparotomies for the primary
indication of IBD, development of IBD-related fistulas and/or abscesses,
development of major extra-intestinal manifestations defined as arthritis confirmed
by a rheumatologist, inflammation of the eye as confirmed by an ophthalmologist,
erythema nodosa and/or pyoderma gangrenosum as confirmed by a dermatologist,
aphthous stomatitis36,37, or progression of disease according to Montreal
classification35. We based this redefinition on the characteristics only objectively
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representing an adverse outcome, increasing severity of disease and severely
affecting patient quality of life. The presence of disabling chronic symptoms was
excluded because of its subjectivity and its intra-individual variation.
Statistics
Statistical analyses were performed using descriptive statistics, independent t-tests,
chi square (Χ2) tests and Fisher’s exact test. Independent samples t-tests were used
to compare means. Proportions were compared using the Χ2 test or Fisher’s exact
test. Univariate and multivariate associations between baseline factors and events
were assessed using logistic regression models using the enter method expressed as
odds ratios (ORs) with 95% confidence interval (CI), except for categorical variables,
which are expressed as a p-value. Associations between baseline factors and time to
event were assessed using cox-proportional hazard regression and expressed as
hazards ratios (HRs) with 95% confidence interval (CI). Two-sided P-values <0.05
were considered significant. Statistical analyses were performed using SPSS for
Windows software (v23.0, Chicago IL).

Results
Patient characteristics at diagnosis
In total, 413 IBD patients were included, (201 CD, 188 UC, and 24 IBDU). The mean
age at onset of disease was 38.0 years (14-95). Of the patients, 218 (52.8 %) were
female. Median duration of follow up was 38.9 months (0.2-47.9).
Anti-TNFα treatment
Of the 413 patients, 21% was started on anti-TNFα therapy (85pts; 66 CD, 16 UC, 3
IBDU) 22,29. In CD, anti-TNFα use was significantly associated with endoscopic disease
severity at diagnosis (p = 0.026), age < 35 (OR 2.4, CI 1.2-4.5), perianal disease (OR
5.3, CI 1.9-14.6) and familial IBD (OR 2.8, CI 1.3-6.0) but not with other disease
locations or disease behaviour. In UC and IBDU, anti-TNFα use was significantly
associated with female gender (OR 4.1, CI 1.3-12.8) but not with disease specific
parameters such as disease location or severity.

Predicting undesirable disease in newly diagnosed IBD patients | 97
Surgery
Of the newly diagnosed IBD patients, 13.8% (57 pts; 47 CD, 10 UC) underwent IBDrelated surgery, of which 42 patients underwent bowel resections (36 CD, 6 UC).
Details regarding surgery in the Delta cohort have been published before29. Overall
IBD surgery and bowel resections were performed more frequently in CD (OR 6.2, CI
3.0 – 12.6 and OR 7.5, CI 3.1 – 18.2, respectively).
In CD patients, the requirement for overall surgery correlated with histological
disease severity (p = 0.03) and CD disease behaviour (p < 0.0001). The requirement
of bowel resection correlated with disease location (p= 0.012), disease behaviour (p
= <0.0001), histologic disease severity (p = 0.017) and age < 35 (OR 0.43, CI 0.21 –
0.91) but not with endoscopic disease severity at diagnosis.
As only 10 UC patients and no IBDU patients underwent IBD related surgery, we did
not analyse these any further.
Hospitalization
Forty percent of patients (165 pts; 103 CD, 56 UC, 6 IBDU) were admitted to a
hospital at least once during follow-up, with a mean of 1.7 times (range 1-7). The
total median number of days admitted was 16.5 (range 1-73). Factors at diagnosis
significantly correlating with hospitalization during follow-up were endoscopic
disease severity at diagnosis (p<0.0001) and having CD (OR 1.5, CI 1.1-2.1).
In CD patients, a trend was observed in the correlation between hospitalization and
age < 35 (p = 0.069) and endoscopic disease severity at diagnosis (p= 0.062). In UC
patients, hospitalization correlated with endoscopic disease severity at diagnosis (p
= 0.011) and there was a trend towards a correlation with histologic disease severity
(p = 0.059) and smoking (p = 0.057)
Predicting disabling disease (previous criteria)
When classified according to previously published criteria25, 26, 51.8% of our newly
diagnosed IBD patients were scored as having disabling disease, of which 64.5% were
CD patients (214 pts; 138 CD, 70 UC, 6 IBDU). Figure 1 illustrates the time to
development of disabling disease according to previously published criteria.
Predicting adverse disease (modified criteria)
Of the Delta IBD patients 36.6% (151pts, 99 CD, 47 UC, 5 IBDU) suffered from an
adverse disease course according to the modified criteria. Time to development of
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adverse disease can be found in figure 1. Chi square results can be found in table 1,
2 and 3.
Figure 1│ time to disabling disease development

In logistic regression, factors at diagnosis predicting outcome were having CD (OR
3.0, CI 2.0-4.5), age <35 years (OR 1.7, CI 1.2-2.6), endoscopic disease severity at
diagnosis (p < 0.002) and a trend for histologic disease severity at diagnosis was
observed (p=0.084). In CD patients variables at diagnosis associated with an adverse
outcome were CD location (p=0.005) and CD behaviour (p = 0.001) and a trend
towards endoscopic disease severity at diagnosis was seen (p = 0.074). For UC and
IBDU patients, predictors at diagnosis for an adverse outcome were endoscopic
disease severity at diagnosis (p=0.048). In UC disease location at diagnosis did not
correlate with an adverse disease course during follow-up.
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Overall cox-regression analysis showed age <35 (p = 0.05, HR 1.4, CI 1.0-1.9) and
more severe endoscopic disease at diagnosis (p = 0.014) to be multivariately
associated with time to adverse disease course.
In CD patients, histologic disease course at diagnosis (p = 0.03), CD disease location
(p =0.02) were associated with time to adverse disease in a multivariate analysis. In
UC and IBDU, multivariate analysis showed no significant correlations between
predictors at diagnosis and time to adverse disease development.
Table 1│ Variables at diagnosis versus adverse disease according to the modified criteria.
Adverse
No adverse
P – value
disease
disease
Chi square
n = 151
n =262
IBD type
CD
99
102
<0.0001
UC +IBDU
52
160
Gender
Male
74
120
0.530
Female
77
142
Age according to
< 17
6
5
0.147
Montreal
17-40
88
136
> 40
57
121
Age
> 35
80
103
0.007
< 35
71
159
Smoking history
Yes
58
104
0.542
No
79
124
Familial IBD
Yes
27
35
0.466
No
7
155
Endoscopic disease
No
4
2
0.001
severity
inflammation
Mild
14
63
Moderate
71
120
severe
52
67
Histologic disease
Mild
13
37
0.081
severity
Moderate
78
148
Numbers are presented as n (%)
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Table 2│ Variables at diagnosis versus adverse disease according to the modified criteria in
CD patients.
Adverse
No adverse
P – value
disease
disease
Chi square
n = 99
n = 102
Gender
Male
46
41
0.370
Female
53
61
Age according to
< 17
5
4
0.903
Montreal
17-40
61
62
> 40
33
36
Age
> 35
60
52
0.170
< 35
39
50
Smoking history
Yes
39
44
0.541
No
49
46
Familial IBD
Yes
20
15
0.382
No
59
62
Endoscopic disease
No inflammation
2
4
0.067
severity
Mild
7
16
Moderate
38
47
severe
40
28
Histologic disease
Mild
11
14
0.132
severity
Moderate
47
58
Severe
24
14
Terminal ileum
Disease location
21
22
0.003
(L1)
Colon (L2)
25
48
Ileocolonic (L3)
47
31
Upper GI (+L4)
7
1
Inflammatory
Disease behaviour
49
90
<0.0001
(B1)
StrIcturing (B2)
27
12
Penetrating (B3)
23
0
Perianal (+P)
18
1
<0.0001
Numbers are presented as n (%)

Death and Malignancy
Nine patients (2,2%, 4CD, 4UC, 1 IBDU) died during follow-up at a mean age of 78.8
years (range 65-85 yrs.). One patient died of heart failure, one following IBD bowel
surgery, one of a metastatic gastric carcinoma. Three patients died of problems in
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multiple organs and three died of unknown causes. Considering the small number of
deaths, no further analysis could be performed.
In total five patients (1 CD, 4 UC) suffered from gastro-intestinal cancer (4 colorectal
carcinomas (CRC), one gastric carcinoma). All CRC’s were diagnosed prior to the
diagnosis of IBD. The gastric carcinoma was diagnosed three years after the diagnosis
of IBD in a UC patient. The malignancies did not seem to be related to IBD.
Table 3│ Variables at diagnosis versus adverse disease according to the modified criteria in
UC + IBDU patients.
Adverse
No adverse
P – value Chi
disease
disease
square
n = 52
n = 160
Gender
Male
28
79
0.575
Female
24
81
Age according to
< 17
1
1
0.512
Montreal
17-40
27
74
> 40
24
85
Age
> 35
20
51
0.382
< 35
32
109
Smoking history
Yes
19
60
0.567
No
30
78
Familial IBD
Yes
7
20
0.747
No
38
93
Endoscopic disease
No
0
0
0.041
severity
inflammation
Mild
7
47
Moderate
33
73
severe
12
39
Histologic disease
Mild
2
23
0.072
severity
Moderate
31
90
Severe
19
41
Disease location
E1
13
48
0.482
E2
31
79
E3
8
31
Numbers are presented as n (%)
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Discussion
In this population-based inception cohort, we redefined adverse disease course
criteria, to improve clinical utility at diagnosis. Using this new definition, an adverse
disease course in IBD patients could be predicted at diagnosis in the Delta cohort by
endoscopic disease severity, histologic disease severity, having CD and age <35. In
CD patients, location of CD and CD disease behaviour predicted adverse outcome,
whereas in UC and IBDU patients, endoscopic disease severity at diagnosis correlated
with adverse disease. Time to adverse disease development for all IBD patients
correlated with age <35 and more severe endoscopic disease at diagnosis.
Furthermore, adverse outcomes such as surgery and hospitalization correlate with
endoscopic and histologic disease severity and age < 35.
In this study, we aimed to find predictors of disease behaviour at diagnosis, in order
to identify patients at risk for a more severe disease course. In order to achieve this,
we first set out to identify patients at risk for disabling disease, using criteria
previously published in a hospital based cohort (i.e. more than two steroid courses
required and/or dependence on steroids; further hospitalization after diagnosis for
flare-up or complication of the disease; presence of disabling chronic symptoms;
need for immunosuppressive therapy; and intestinal resection or surgical operation
for perianal disease) 25 26, 38. In the original study, 80% of patients were found to have
disabling disease, compared to 52% in our study, which limits its clinical utility.
Niewiadomski et al. also attempted to modify adverse disease criteria in order to
make them more clinically applicable39. They modified the definition to; more then
two courses of steroids, further hospitalization after diagnosis, intestinal resection,
perianal surgery and ongoing active disease at end of follow-up. Disabling UC was
defined using the same criteria minus the perinal surgery. Once more, steroids were
included as adverse outcome, thus still limiting the clinical utility at diagnosis.
Additionally, other disabling disease characteristics such as extraintestinal
manifestations or fisulas were not included. We therefore redefined adverse disease
outcome. In these modified criteria, the use of corticosteroids and
immunosuppressives were excluded, as identification of treatment-eligible groups is
the ultimate goal. Additionally, the presence of disabling chronic symptoms was
excluded because of the subjectivity and intra-individual variability.
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In most studies addressing prediction of disabling disease, CD and UC are not
discussed together because of different disease behaviour and future perspectives,
which may confound results. However, our definition of disabling disease was
developed in such a way that it can be applied to all IBD phenotypes. Disease
progression according to the Montreal criteria, IBD surgery, hospitalization and
development of extra-intestinal manifestations, fistulas and/or abscesses are solid
endpoints applicable to CD, UC and IBDU. With approximately one third of patients
meeting these new criteria, we feel we have a more objective, easier to use
definition of disabling disease.
Studies performed with the aim to find predictors for an adverse disease course have
mainly focused on clinical and biological parameters. Endoscopy has been rarely
investigated as a predictor of the clinical course of IBD. Past studies have shown that
endoscopic findings correlate poorly with clinical markers40. However, endoscopic
severity may still have an impact on the long-term course of the disease, as CD
patients with extensive ulceration at colonoscopy have a more aggressive clinical
course41. Not only do patients with more severe endoscopic lesions need significantly
more colonic resections, but they also suffer from more penetrating complications.
Furthermore, endoscopic severity is equally important in UC patients, as patients
with a more severe UC at diagnosis have an increased surgery rate and experience
more severe attacks during follow-up31. Data from the IBSEN cohort strongly suggest
that mucosal healing predicts treatment efficacy, with a reduced frequency of
surgery and hospitalizations42. In this study we showed that both endoscopic and
histological disease severity at diagnosis correlate to an adverse disease outcome, as
determined by the modified criteria in this study.
Moreover, several studies have suggested that pediatric onset IBD is a different IBD
entity27-29. In our cohort, only eleven patients were diagnosed before or at the age
of 17. We do see a correlation between age and adverse disease, however, we expect
this effect to have been stronger when pediatric patients would have been included
in this study.
In addition to these predictors, there may be other parameters that potentially
describe disabling disease. For instance, it may be worth investigating the predictive
value of calprotectin in this cohort. Unfortunately, calprotectin diagnostics were not
available in general hospitals in 2006 and therefore not applicable in the current
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study. Furthermore, the consequences and clinical implications of IBD-associated
risk genes are gaining interest. As the first studies indicating that these risk genes
may be predictive for disease outcome have now been published, a patients’ genetic
profile should be taken into account in the future, even though, given the
multifactorial aspect of IBD, the predictive value of genetics seems to be limited43.
We did not interfere with the current clinical practice. We aimed to find predictive
factors to guide physicians in their therapeutic strategy for newly diagnosed IBD
patients. Several disease and patient specific characteristics available at diagnosis
(i.e. endoscopic severity, histological severity, age, disease location and disease
behaviour) are associated with adverse disease, as defined by the modified criteria.
These characteristics, when confirmed in other cohorts, can prove exceedingly useful
for clinicians in their considerations for the best treatment strategy for the individual
patients. As the retrospective character of our study limits the assessment of the
positive and negative predictive values of these new adverse disease criteria, a
prospective cohort study should be conducted. We aim to start such a study in the
near future. Furthermore, the ideal prediction model is a dynamic one, in which
anticipation to the changing disease, as well as response to therapy, are
incorporated.
In conclusion, we show endoscopic and histological criteria at diagnosis as well as
age to be valuable predictors for disease course. We therefore consider the value of
disease behaviour at diagnosis much bigger than previously appreciated
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Abstract
Background
The role of single nucleotide polymorphisms (SNPs) associated with inflammatory
bowel disease (IBD) is gaining interest. With the advent of novel therapies,
personalized treatment in IBD is a future goal. We wondered whether IBD-associated
SNPs are able to predict response to anti-TNFα treatment.
Methods
Data on treatment use and primary response, loss of response and side effects to
treatments were retrieved for all IBD patients from whom DNA was available in the
Erasmus MC University Medical Centre. rs13361189 (IRGM), rs10210302 (ATG16L1),
rs2066844, rs2066845, rs2066847 (NOD2), rs35873774 (XBBP1), rs11175593
(LRRK2), rs11465804 (IL23R), rs2301436 (CCR6) and rs744166 (STAT3) SNP status
were determined. Correlations were calculated using logistic regression analysis.
Results
In the 570 patients (411 CD, 148 UC and 11 IBD-unclassified) included, no
correlations were found between genetic variants of the LRRK/MUC2, CCR6, il23R
and NCF4 genes and anti-TNFα. In NOD2 and XBP1 correlations were found, however
these were no longer significant after multiple testing corrections. Patients carrying
a SNP in the STAT3 gene more often required surgery, and required significantly
more surgery per patient, independent of disease phenotype and disease behaviour
(0.77 vs. 1.26 p = 0.004). Patients carrying a SNP in the ATG16L1 gene also more often
required surgery and more surgery per patient, although not significant after
multiple testing correction. Moreover, patients carrying the ATG16L1 T300A variant
were more likely to be treated with adalimumab, even after correction for disease
phenotype, disease behaviour and age (p = 0.004, OR 2.4, CI 1.3-4.4).
Conclusion
Patients carrying IBD risk variants of ATG16L1 appear to have a different, not
previously described IBD disease phenotype. Genetic polymorphisms in known IBDassociated genes correlate with requirement of treatment, for which this previously
unidentified disease phenotype may be responsible. This suggests that genetic
make-up of IBD patients may in future help physicians decide on personalized
treatment strategies.
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Introduction
Inflammatory Bowell diseases, comprising of Crohn’s disease (CD), ulcerative colitis
(UC) and IBD-unclassified (IBD-U), are multifactorial in their aetiology. In the last two
decades, the introduction of the anti-tumour necrosis factor α (anti-TNFα) drugs (e.g.
infliximab and adalimumab) has expanded the treatment arsenal with drugs potent
for both inducing remission as well as maintaining remission1-6. Although these
immunosuppressives are increasingly used, the need for intestinal surgery remains
unchanged, as 25-61% of newly diagnosed IBD require surgery at least once within
the first five years after diagnosis7-9. Additionally, anti-TNFα treatments are not
effective in 20-40% of IBD patients and a substantial proportion of the patients may
experience loss of response and/or side effects, which often makes surgery
unavoidable1, 10-14. It has been suggested that earlier treatment with anti-TNFα could
improve disease outcome15. However, we previously were unable to confirm a
benefit for earlier anti-TNFα treatment on IBD-disease complications16. The most
likely explanation appeared to be that an inappropriate selection of patients eligible
for therapy had led to suboptimal treatment and subsequently outcome.
Genetics play an important role in IBD, as IBD shows a large hereditary component
and genetic variants may influence cellular functions, the innate immune system and
thereby both disease activity and response to treatment17,18. Genome-wide
association studies (GWAS) have identified over 163 single-nucleotide
polymorphisms (SNPs) that are associated with IBD19-21. The incidence of these SNPs
in the IBD population differs from that in the general population. While for most of
these SNP, we do not yet know how they affect cellular function, or how such
changed cellular functions would contribute to the development of IBD, there are
some positive exceptions. For instance, the cellular effects of IBD-associated variants
in the NOD2, ATG16L1 and IRGM genes affect cellular autophagy processes and
bacterial clearance in (innate) immune cells, and indeed these genes may affect
bacterial composition of the gut in patients with IBD22-25. In addition, SNPs in the
interleukin 23 receptor gene (IL23R) were recently shown to affect expression of the
anti-microbial peptide DMBT1 in intestinal epithelial cells in IBD26. Our own studies
demonstrated that an IBD-associated SNP in the neutrophil cytosolic factor 4 (NCF4)
gene encoding the p40phox NDPH protein, results in a decreased antimicrobial
function of granulocytes, as demonstrated by a reduced production of reactive
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oxygen species by these cells27. Output of disturbed granulocytic ROS as a result of
impaired functioning of this enzyme complex has been shown in a number of
diseases, including myelodysplasia (MDS) and chronic granulomatous disease, where
it contributes to increased risk of bacterial infections. It is tempting to speculate that
in CD patients with carrying the NCF4 risk allele, tailored treatments stimulating
granulocytes, such as sagramostim, may lead to enhanced remission28. In light of the
immune-cell modulatory properties of several of the known IBD-associated SNPs, it
is likely that these SNPs may affect response of patients to immune-modulatory
drugs as well.
Identifying correlations between patients’ genetics and characteristics and response
to treatment would open up the possibility of implementing personalised treatment
strategies. Tailored strategies in the future could include treatment according to the
individual patients’ genetic profile. With this study we aimed to identify patients
likely to benefit from anti-TNFα treatment, based on their genetic profile.

Methods
Patient and disease characteristics
All patients of whom DNA was available at the Erasmus MC University Medical
Centre, and the diagnosis of IBD could be confirmed according to the Lennard Jones
criteria, were included in this study29. Disease location and behaviour were scored
according to the Montreal criteria30. For disease location and behaviour, patients
with IBDU were classified as patients with UC. Patients having had a liver
transplantation or suffering from auto-immune hepatitis or PSC and were treated for
these conditions, were excluded from analysis. Data on patient and disease
characteristics were obtained from the patients’ medical charts. For each patient,
the following characteristics were retrieved: date of birth, date of IBD diagnosis, age
at diagnosis, date of first visit to the Erasmus MC University Medical Centre, IBD
phenotype, gender, comorbidities, familial IBD status, disease location, disease
behaviour, extraintestinal manifestations, fistula and abscesses, used IBD
treatments and the amount of surgery. SNP carriers were compared to non-SNP
carriers for above mentioned parameters. End of follow-up was January 1st, 2013.
This study was approved by the institutional medical ethical board.

Genetic polymorphisms determine response to anti-TNF treatment | 115
Genetics
Several immune-regulatory genes were selected for this study. IRGM, NOD2, LRRK2,
ATG16L1 and NCF4 play an important role in innate immunity and autophagy
regulation, which pertains to bacterial clearance, both in blood immune cells as well
as Paneth cells 22. XBP1 was chosen for its involvement in Paneth cell function, ER
stress and autophagy 31. IL23R because it is important for activation of the JAK2STAT3 pathway in innate immune cells (NK cells, monocytes, dendritic cells) as well
as T-cells 32. And CCR6 as it is also expressed by monocytes and T-cells and regulates
migration of these cells33. Rs13361189 (IRGM), rs10210302 (ATG16L1), rs2066844,
rs2066845, rs2066847 (NOD2), rs35873774 (XBBP1), rs11175593 (LRRK2),
rs11465804 (IL23R), rs2301436 (CCR6), rs744166 (STAT3) and rs4821544 (NCF4) SNP
status were determined by KBiosciences, UK. Different SNPs in NOD2 were combined
for analysis, as these SNPS have been shown to alter cellular function in a similar
manner34, 35. Due to the low amount of patients homozygous for the SNPs, patients
heterozygous for the risk allele were analysed together with patients carrying two
risk alleles of the same gene, thereby comparing carriers and non-carriers of the IBDassociated alleles.
Therapy
Of all patients, records pertaining to infliximab (IFX) and adalimumab (ADA) use were
perused. Of the treatments, their use, side-effects and primary non-response and
loss of response were evaluated.
Statistics
Statistical analyses were performed using descriptive statistics, independent t-tests,
chi square (Χ2) tests and Fisher’s exact test. Independent samples t-tests were used
to compare means. Proportions were compared using the Χ2 test or Fisher’s exact
test. Correlations were assessed using a logistic regression using the enter method
expressed as odds ratios (OR) with 95% confidence interval (CI). Overall logistic
analysis correlating IFX to the SNPs in the IBD related genes were corrected for age
and IBD phenotype. Sub analyses in CD patients were corrected for fistulas and age.
Sub analyses for UC were corrected for age. Logistic analysis aiming to correlate ADA
to the SNPS were corrected for extraintestinal manifestations, age, and IBD subtype.
Sub analyses in CD patients were corrected for extraintestinal manifestations, fistula
and age. Sub analyses in UC patients were corrected for extraintestinal
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manifestations and age. Considering the correction for multiple testing, in all
statistical analysis’s two-sided P-values <0.0055 were considered statistically
significant. Statistical analyses were performed using SPSS for Windows software
(v23.0, Chicago, IL).

Results
Patient and disease characteristics
Of the 591 eligible patients, 21 were excluded: 19 due to liver disease or liver
transplantation, one patient was not suffering from IBD, and one because of multiple
kidney transplantations, leaving 570 patients. There were 411 CD (71, 9%), 148 UC
(26.0%) and 11 IBDU (1.9%) patients. The mean duration of follow-up was 9.2 years
(range 0.1-49.1). Patient and disease characteristics are shown in table 1. The
median age at IBD diagnosis was 27 years (range 5-79). Median age at diagnosis was
25 years in CD, 26 years in UC, and 32 years in IBDU. Of our patients 54.7% were
female.
Table 1│ patient characteristics

Follow-up
Length, mean, range
Length, median
Gender
Male
Female
Age at diagnosis
Mean, range
Median
Disease Location CD
L1 – terminal ileum
L2 – colon
L3 – ileocolon
(+) L4 – upper GI tract
Other
Unknown
No inflammation

Total
n= 570

CD
n = 411

UC
n = 148

IBDU
n = 11

9.2 yrs.
(0.1-49.1)
6.9 yrs.

9.5 yrs.
(0.1-49.1)
7.0 yrs.

8.6 yrs.
(0.2 – 32.3)
6.9 yrs.

4.9 yrs.
(0.8-10.5)
4.8 yrs.

258 (45.3)
312 (54.7)

169 (41.1)
242 (58.9)

85 (57.4)
63 (42.6)

4 (36.4)
7 (63.6)

27 yr. (5-79)

27 yr. (5-79)

28 yr. (8-69)

25 yr.

25 yr.

26 yr.

32 yr. (1747)
32 yr.

99 (24.1)
90 (21.9)
120 (29.2)
63 (15.3)
0 (0)
21 (5.1)
18 (4.4)
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Disease location UC
E1 – proctitis
8 (5.0)
7 (4.7)
1 (9.1)
E2 – left sided colitis
69(43.4)
64 (43.2)
5 (45.4)
E3 – pancolitis
73 (45.9)
69 (46.6)
4 (36.4)
No inflammation
3 (1.9)
3 (2.0)
0 (0)
Other
2 (1.3)
1 (0.7)
1(9.1)
Unknown
4 (2.5)
4 (2.7)
0 (0)
Backwash ileitis
35
22
3
Rectal sparing
19
16
1
Disease behaviour CD
B1 - luminal disease
126 (30.7)
B2 - stenosis
89 (21.7)
B3 - abscesses and/or
181 (44.0)
fistula
P – perianal disease
144 (35.0)
Unknown
15 (3.6)
Extraintestinal
172 (30.2)
134 (32.6)
36 (24.3)
2 (18.2)
Family history of IBD
Yes
127 (22.3)
98 (23.8)
25 (16.9)
4 (36.4)
no
380 (66.7)
267 (65.0)
108 (73.0)
5 (45.4)
Not documented
63 (11.0)
46 (11.2)
15 (10.1)
2 (18.2)
Family history of CRC
Yes
36 (6.3)
22 (5.4)
13 (8.8)
1(9.1)
No
469 (82.3)
342 (83.2)
119 (80.4)
8 (72.7)
Not documented
65 (11.4)
47 (11.4)
16 (10.8)
2 (18.2)
Abbreviations used: CD: Crohn’s disease, UC: Ulcerative Colitis, IBDU: Unclassified
Inflammatory Bowel Disease, CRC: colorectal cancer. IBD: Inflammatory Bowel Disease. All
numbers are presented as n (%), unless stated otherwise.

Treatments
In total 211 patients were treated with IFX and 179 with ADA, of which 111 patients
were treated with both treatments. A total of 126 patients developed side effects on
IFX and 89 did so on ADA. Fifty-nine patients experienced loss of response on IFX and
26 on ADA. Twenty-seven patients were primary non-responders on IFX and 14 never
responded to ADA. The response to treatment per SNP can be found in table 2. CD
patients were more likely to be treated with IFX (p=0.022, OR 1.5, CI 1.1-2.3), which
resulted from the fact that CD patients treated with IFX were more likely to suffer
from fistulas (p<0.0001 OR 2.3, CI 1.5-3.5). Furthermore, IFX treated patients were
less likely to achieve mucosal healing (p < 0.0001) and more likely to undergo bowel
resection p<0.0001, however, these were no longer significant after correction for

6

118 | Chapter 6
fistulas and disease phenotype. CD pts were also more likely to be treated with ADA
(p <0.0001) and ADA treated patients were also more likely to undergo bowel
resection p=0.002, which was no longer significant after correction for fistulas and
disease phenotype. Furthermore ADA treated patients more often suffered from
extraintestinal manifestations p<0.011, which remained significant after correction
for disease phenotype (p=0.047, OR 1.5, CI 1.0-2.2).
Table 2│ SNPs versus treatment
Treatment

IRGM

ATG1
6L1

NOD
2

XBP1

LRRK
2/M
UC19

CCR6

IL23R

Requirement
Infliximab
210
205
211
209
207
206
209
Adalimumab
178
172
179
177
176
172
175
Side-effects
Infliximab
125
120
126
125
125
123
124
Adalimumab
89
84
89
88
87
85
86
Loss of
response
Infliximab
59
58
59
58
56
55
58
Adalimumab
25
24
26
25
26
25
25
Primary non
response
Infliximab
27
26
27
27
27
27
27
Adalimumab
14
13
14
14
14
14
14
Number of patients treated with specific treatment per IBD risk gene per
reaction to treatment. All numbers are expressed as number of patients, n.

STAT
3

NCF4

207
174

211
179

122
84

126
89

57
26

59
26

27
27
14
14
treatment and

Genetics
SNPs in nine IBD related genes were evaluated. Distribution of the genetic profiles
can be found in table 3a. The minor allele frequency known in literature and the
frequency in this cohort can be found in table 3b.
ATG16L1
ATG16L1 SNP carriers were more often diagnosed with Crohn’s disease (p = 0.007)
and were younger at IBD diagnosis (26.83 vs 29.93, p= 0.032). Sub analysis per
disease phenotype showed in patients with UC or IBDU that ATG16L1 SNP carriers
were less likely to achieve mucosal healing (p= 0.027). In CD pts, ATG16L1 SNP

Genetic polymorphisms determine response to anti-TNF treatment | 119
carriers were significantly more likely to have a family member with IBD (p= 0.004),
which remained true after multiple testing correction.
Table 3a│ Genetic profile patients
Genes
SNP

IRGM
ATG16L1
NOD 2
rs2066844
rs2066845
rs2066847
XBP1
LRRK2/MUC
19
CCR6
IL23R
STAT3
NCF4

Total

C
T
T,C,C
T
C
C
C, protective
T

568
559
570
559
567
561
567
562

Homozygou
s:
no SNP
430
103
428
484
539
513
510
532

A
G, protective
T
C

558
564
562
570

135
524
218
282

Heterozygou
s,
one SNP
120
272
128
71
27
48
54
30

Homozygou
s,
two SNPs
18
184
14
4
1
0
3
0

280
38
266
225

143
2
78
63

Table 3b│ Genetic profile patients – minor allele frequency
Genes
SNP
MAF controls34
MAF IBD34
IRGM
C
0.13
0.18
ATG16L1
T
0.48
0.4065
NOD 2
T,C,C
rs2066844
T
0.07
0.14
rs2066845
C
0.01
0.05
rs2066847
C
0.02
0.11
XBP1
C, protective
0.04
0.04
LRRK2/MUC1
T
0.02
0.03
9
CCR6
A
0.47
0.48
IL23R
G, protective
0.08
0.02
STAT3
T
0.42
0.41
NCF4
C
0.33
0.3834, 66, 67
All numbers are expressed as number of patients, n.

MAF cohort
0.14
0.57
0.07
0.03
0.04
0.05
0.03
0.50
0.04
0.38
0.31

IRGM
IRGM SNP carriers differed to those who did not carry the SNP regarding gender
(more men p = 0.034) and age at diagnosis (mean age SNP carriers 25.84 vs 27.90, p
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= 0.048). Sub analysis for IBD phenotype did not show any differences between SNP
carriers and non-carriers.
NOD2
NOD2 SNP carriers more often suffered from CD (p = 0.002). In CD patients with a
SNP in NOD2, colonic disease was seen less often as disease localization (p< 0.0001),
without more terminal ileitis, ileocolonic disease, or more upper gastro-intestinal
tract involvement. These findings were significant after multiple testing correction.
CCR6
UC patients carrying the CCR6 SNP were more likely to achieve mucosal healing (p =
0.009).
NCF4
In NCF4, CD SNP carriers were more likely to suffer from stricturing CD, but did not
suffer more from fistula or non-stricturing-non-fistulizing disease (p = 0.005, OR 2.0,
CI 1.2-3.2).This remained true after correction for age and multiple testing (p = 0.004,
OR 2.0, CI 1.2-3.3).
IL23R
IL23R CD SNP patients were more likely to suffer from stricturing disease (p = 0.023),
without suffering less luminal disease or penetrating disease.
Most of the above mentioned differences did not survive multiple testing
corrections, as can be seen in the p-values (p<0.0055). There were no differences
between patients carrying the SNP in the XBP1, STAT3 and LRRK2/MUC2 genes and
patients who did not carry SNPs in these genes.
Genetics versus surgery
ATG16L1 SNP carriers required more surgery (p = 0.033) and SNP carriers also
patients required more surgery per patient (0.85 vs. 1.27, p = 0.014) although not
significant after multiple testing correction. After logistic regression analysis
correcting for age and IBD phenotype, this this outcome was not significant. Sub
analysis regarding disease phenotype corrected for age, and in case of CD, fistulas,
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did not show a significant correlations between ATG16L1 SNP carriers and IBD
surgery.
Patients with the STAT3 SNP more often required surgery (p = 0.04) However, in a
logistic regression analysis, corrected for age and IBD phenotype, this outcome was
no longer significant. They also required more surgery per patient (0.77 vs. 1.26 p =
0.004). UC Patients carrying a SNP in the STAT3 gene also required more surgery per
patient, 0.17 vs. 0.44 p = 0.027), as did CD patients carrying this SNP (1.04 vs. 1.57, p
= 0.019). SNPs in other genes did not show correlations with surgery, or the amount
of surgery.
Genetics versus treatments
Chi square analysis of the different SNPs and anti-TNFα treatments can be found in
table 4.
ATG16L1
There were no correlations between the ATG16L1 SNP carriers and IFX use/response,
neither in the entire cohort, nor in CD and UC sub analyses. However, ATG16L1 SNP
carriers were significantly more prone to use ADA (p = 0.004, OR 2.4, CI 1.3-4.4,
corrected for age, extraintestinal manifestations, IBD subtype and multiple testing).
In CD patients, this correlation remained true even when corrected for
extraintestinal manifestations, fistula, age and multiple testing (p = 0.005 OR 2.59 CI
1.3-5.0). When we looked at the differences between patients carrying 0, 1 or 2 risk
alleles of the ATG16L1 gene, we saw that having more risk alleles meant a higher risk
at requiring ADA (ANOVA p = <0.0001), with post-hoc analysis showing the most
effect when comparing 0 alleles to 2 alleles. (0 vs 1 p = 0.025, 1 vs 2 p = 0,019, 0 vs 2
p = <0.0001).
IRGM
Logistic regression analysis after correction for age and IBD phenotype showed that
patients carrying the SNP in the IRGM gene were more prone to develop primary
non response to IFX (OR 2.8, CI 1.1-7.0). However, with a p value of 0.026, this effect
did not meet the border for multiple testing. In sub analysis per disease phenotype,
patients with CU (corrected for age) carrying the SNP in the IRGM gene were more
prone to suffer from primary non response to IFX (p = 0.007, OR 16.4, CI 12.2-122.8),
but again the multiple testing correction was not met. Strikingly, there were no
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correlations between CD patients (corrected for age and fistula) carrying the SNP and
IFX use and response to IFX.
Regarding ADA, patients carrying the IRGM SNP more often used ADA, compared to
patients who had no SNP in the IRGM gene (p = 0.019, OR 0.57, CI 0.36 – 0.91
corrected for age, IBD subtype and extra intestinal manifestations), which did not
meet multiple testing criteria. Sub analysis for CD patients only did not show any
correlations between the IRGM SNP and ADA.
Table 4│ Chi square analysis
ATG16L
1

NO
D2

XBP1

LRRK2/
MUC19

CC
R6

IL23
R

STAT3

NCF
4

ns
↑ (p
<0.000
1)

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Adalimumab
ns
Loss of response
Infliximab
ns
Adalimumab
ns
Primary non response
↑ (p =
Infliximab
0.042)

ns

ns

ns

ns

ns

ns

↓ (p =
0.016)
ns

ns
ns

ns
ns

ns
ns

ns
ns

ns
ns

ns
ns

ns
ns

ns
ns

ns

ns

ns

ns

ns

ns

ns

Adalimumab

ns

ns

ns

ns

ns

ns

ns

Treatment
Requirement
Infliximab
Adalimumab

IRGM
ns
↓(p =
0.031)

Side-effects
Infliximab

ns

ns

↑ (p =
0.011)
↑ (p =
0.013

ns
ns

Other
Patients carrying a SNP in the NOD2 gene used IFX less frequently (p = 0.027, OR
0.62, CI 0.41 – 0.95), XBP1 risk allele carriers responded less to IFX (p = 0.021, OR 3.8,
CI 1.2 – 12.0) and patients carrying a STAT3 SNP more often had side effects on IFX
(p = 0.027, OR 0.62, CI 0.41 – 0.95), although none of these met criteria for multiple
testing. No correlations were found between the SNP carriers of the LRRK2/MUC19,
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Table 5│ Logistic regression
Treatment

XBP1

LRR
K2/
MU
C19

CC
R6

IL23
R

STAT3

NCF
4

↓
p=
0.027
OR
0.62
CI 0.41
– 0.95

ns

ns

ns

ns

ns

ns

ns

ns

ATG16
L1

NOD2

ns

ns

↓
p=
0.019
OR
0.57,
CI 0.36
-0.91)

↑
p=
0.004
OR 2.4
CI 1.3
– 4.4

IRGM

Requirement

Infliximab

Adalimumab

6
ns

ns

ns

ns

ns

ns

Side-effects

Infliximab

ns

Adalimumab
ns
Loss of response
Infliximab
ns
Adalimumab
ns
Primary non response

Infliximab

Adalimumab

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

↓
p=
0.021,
OR
0.19,
CI 0.05
– 0.78
ns

ns
ns

ns
ns

ns
ns

ns
ns

ns
ns

ns
ns

ns
ns

ns
ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

↑
p=
0.026,
OR 2.8,
CI 1.1 7.0

ns

ns

ns

ns

ns

↑
p=
0.021,
OR
3.8,
CI 1.2
– 12.0
ns
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CCR6, IL23R and NCF4 genes and response to anti-TNFα. As only 13 UC+IBDU patients
were treated with ADA, no further analysis could be performed. An overview of the
outcomes of the logistic regression can be found in table 5.

Discussion
In this study we show a correlation between IBD-associated SNPs and response to
anti-TNFα treatment. In four of the nine researched genes, no correlation with
treatment response was found, whereas in four of the other genes (NOD2, IRGM,
XBP1, STAT3) correlations were found, but were not strong enough to survive
multiple testing corrections. SNP carriers of the STAT3 risk variant did require
significantly more surgery per patient. This was independent of disease phenotype
and disease behaviour. Patients carrying a SNP in the ATG16L1 gene also more often
required surgery and more surgery per patient, although not significant after
multiple testing correction. More striking was that ATG16L1 SNP carrying patients
were more likely to be treated with ADA, even after correction for disease
phenotype, disease behaviour and age. Carrying two ATG16L1 risk alleles increased
the odds for using ADA.
Today, biologicals are the most potent drugs for treating IBD. Anti-TNFα treatment
is mostly used in case of refractory disease4. When anti-TNFα treatment fails, a
switch to a different biological treatment can be made. If the disease cannot be
controlled, surgery is unavoidable1, 10-14. We have previously shown that there was
no beneficial effect of earlier anti-TNFα treatment on IBD disease complications, but
speculate that this is likely caused by inappropriate selection of patients for therapy,
which may result in suboptimal treatment and subsequently suboptimal outcome16.
However, selection of patients most likely to benefit from a specific treatment
remains difficult.
A lack of identification of the appropriate patient group may already have resulted
in underestimation of clinical results of some treatments. For instance, studies with
the granulocyte colony stimulating factor (GM-CSF) sagramostim have been
controversial, with some patients showing response, while being ineffective as a
treatment in an unselected group of IBD patients36-39. However, granulocytes of CD
patients carrying the NCF4 risk allele were recently shown to be less sensitive to
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stimulation with GM-CSF, suggesting that only a subpopulation of patients without
this defect may actually benefit from GM-CSF treatment27. Trials on the use of
interferon-β-1α (IFN-β-1α) in IBD show similar results. At first, IFN-β-1α did not seem
to be effective in either CD or UC40, 41.However, after looking at the results more
closely, Croatian and Russian patients were shown to have high remission and
response rates using this treatment, while Western European populations
experienced the opposite41. Additionally, UC patients who did not respond to the
treatment, were shown to have high baseline levels of IL-17 and IL-6 production42.
These studies emphasise the diversity in IBD, and suggest that in study populations,
genetic variants could be used to stratify groups of patients, potentially leading to a
tailored treatment model in IBD.
In this study we observed that patients carrying IBD-associated variants of the STAT3
and ATG16L1 genes required more surgery, independent of disease location or
disease behaviour. None of the other SNPs studied were significantly correlated to
disease phenotype. In literature however, several correlations between IBD genetics
and disease phenotype have been proposed. For instance, NOD2 SNPs have been
associated with younger age at diagnosis, perianal disease and small bowel
involvement34, 43-46. In a meta-analysis of studies evaluating NOD2 variants and ileal
disease, the odds ratio for ileal involvement was 2.5 (CI 2.0–3.2) for patients who
carried at least one high-risk NOD2 allele47. In our cohort, CD patient with a SNP in
NOD2 showed less colonic disease, but we did not find a specific increase of ileal or
perianal disease.
Furthermore, IRGM has also been negatively associated with colonic lesions34. Both
The ATG16L1 and IRGM variants were associated with a non-inflammatory
behaviour, which seems contradictory to other results, as both IRGM and ATG16L1
risk variants have been associated with more complex phenotypes requiring surgery,
and ATG16L1 SNPS have been found to strongly increase the risk for complicated
fistulizing disease34, 48-50. SNPs in the IL23R gene have been associated with colonic
disease and earlier surgery, and NCF4 was shown to associate with early onset IBD
and perianal disease34, 51-53. In contrast to NOD2 however, genotype–phenotype
associations for these other susceptibility loci have been less strong and consistent34,
54-58
.
We were unable to confirm most of these findings in our cohort. However, previously
mentioned studies were not always consistent regarding their findings. Furthermore,
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cohorts were difficult to compare in either size, or disease phenotype. Either only CD
patients were included, or a larger percentage of early onset IBD was included. Early
onset IBD has been described as a different IBD entity, so correction for age should
always be performed59-61.
Another explanation for the differences in disease location and behaviour might be
found in a different minor allele frequency distribution between cohorts. While
NOD2 and ATG16L1 variants are some of the most consistently observed IBDassociated loci, association studies differ per cohort. In addition, only 13% and 5.7%
of disease variance of CD and UC, respectively, has so far been explained by the 163
risk loci identified to date, and other genes or epigenetic events may contribute to
various extents in these cohorts21. Furthermore, we have investigated only nine of
the 163 IBD related risk genes, while interactions between SNPs in different genes
might also account for specific phenotypes51, 62, 63. Lastly, the patients in our cohort
were al treated in an academic centre, which may have resulted in a selection of
certain IBD phenotypes.
The purpose of our study was to investigate putative links between IBD-risk alleles
and the effect of anti-TNFα treatment, which to the best of our knowledge has not
been reported before. While we did not find primary non-response, side-effects or
loss or response to anti-TNFα to be modulated by any of the SNPs studied, we
observed a significantly increased use of adalimumab in patients carrying ATG16L1
risk alleles. However, unlike the other three measured outcomes, treatment use in
itself is not likely a parameter that is influenced by patient genetics - after all,
treatment of patients is decided by physicians and SNP status in this study was not
available to treating physicians. Hence, these results hint at an underlying disease
phenotype which is not captured by the currently used parameters (Montreal score,
disease location, disease severity). If true, this would suggest that based on genetics,
it might be possible to define patient groups with subtly different disease, that
cannot otherwise be distinguished, which opens up an interesting avenue of
investigation. We already know that IBD is a very heterogeneous disease where
different clinical groups can be distinguished. For example, in paediatric patients,
ATG16L1 has been shown to follow a more aggressive clinical disease course with
earlier introduction of immunosuppressants49. It has been demonstrated that it is
possible to categorize CD patients into genetic-based Crohn’s disease subgroups
according to SNPs in 46 disease susceptibility loci. The remaining genotypic
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categories differed significantly from the clusters formed by analysis of the same
gene variants in healthy controls64. Surprisingly, the genetic-based subgroups could
not be explained by clinical phenotypic variables such as disease location and
behaviour, suggesting that patients had been categorized into previously unidentified sub-groups by genetically-determined pathways rather than the currently
used classifications that are mostly based on disease location64. This strengthens our
hypothesis that it is most likely that ATG16l1 SNP carriers are suffering from a
different IBD phenotype.
In conclusion, genetic polymorphisms in known IBD-associated genes correlate with
requirement of treatment, for which a previously unidentified disease phenotype
may be responsible. This suggests that genetic make-up of IBD patients may in future
help physicians decide on personalized treatment strategies. Further investigation
will need to elucidate the implications of these findings and identifying the
corresponding disease phenotype.
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Abstract
Background and aims
Despite potent drugs and surgical techniques, the treatment of perianal fistulizing
Crohn’s disease (CD) remains challenging. We assessed treatment strategies for
perianal fistulizing CD and their effect on remission, response and relapse.
Methods
Patients with perianal fistulizing CD visiting the Erasmus MC between 1-1-1980 and
1-1-2000 were identified. Demographics, fistula characteristics and received
treatments aimed at the outcome of these strategies were noted.
Results
In total 232 patients were identified (98 male; 42%). Median follow-up was 10.0
years (range, 0.5 - 37.5). Complex fistulas were present in 78%. Medical treatment
(antibiotics, steroids, immunosuppressants and anti-TNFα) commenced in 80% of
the patients and in 53% surgery (colectomy, fistulectomy, stoma and rectum
amputation) was performed. Simple fistula healed more often than complex fistula
(88% vs. 65%; p < 0.001). Rectum involvement was not associated with a lower
remission rate and anti-TNFα therapy did not increase complete fistula healing rates
in simple and complex fistula. Initially healed fistulas recurred in 27% in case of
simple fistulas and in 42% in case of complex fistulas (p=0.051). Only 37% of the
complex fistulas were in remission at the end of follow-up compared to 67% of the
simple fistulas (p < 0.001).
Conclusions
Only the minority of CD complex perianal fistulas were in remission after
conventional treatment strategies after a median follow-up of 10 years. Simple
fistulas were more likely to heal than complex fistulas and less of these healed
fistulas relapsed. However, more than three quarters of the patients had complex
perianal fistulas.
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Introduction
The development of perianal fistulas along with rectal pain and continuous drainage
is a common complication of Crohn’s disease (CD)1-5. The cumulative incidence of
perianal fistulas was estimated at 23-26% after 20 years of CD6,7. In almost half of
the patients perianal fistulas were diagnosed before or at the time of the diagnosis
of CD6,7. Patients with active rectal disease have more frequently perianal fistulas
compared to patients with isolated ileal disease6-12. Furthermore male gender, age
at diagnosis of CD and smoking are associated with the development of perianal
fistulas although data are conflicting6-8,10,12-15.
Although a range of medical and surgical options is available nowadays, the
treatment of perianal fistulas remains challenging. Current medical strategies
include antibiotics (ciprofloxacin and metronidazole16-18, immunosuppressants such
as azathioprine and 6-mercaptopurine19,20 and the anti-TNFα’s infliximab,
adalimumab and certolizumab pegol21-25 . Symptomatic simple fistulas can be treated
with a non-cutting seton or fistulotomy. Active luminal disease should be treated
before surgical treatment26. In case of complex fistulas drainage is achieved by
placement of a non-cutting seton to reduce the risk of perianal abscess formation
preferably in combination with anti-TNFα and antibiotics. In the ADAFI trial patients
with perianal fistulas treated with the anti-TNFα agent adalimumab plus
ciprofloxacin for 12 weeks, had a significant higher response and remission rate than
patients treated with adalimumab alone27.
With this study we aimed to assess in a single centre retrospective cohort different
treatment strategies for perianal fistulizing CD and the effect of these treatments on
the response, remission and relapse rate.

Methods
Patients
Patients treated for perianal fistulizing CD who visited the Erasmus MC University
hospital between the 1st of January 1980 and the 1st of January 2000 were identified
through a search in the hospital diagnosis system. This search was performed as
follows: first, all letters from patients were identified by the term ‘fistulizing disease’.
Secondly letters containing the words CD were obtained and finally these letters
were combined with the obtained letters from the first search. The patient charts
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obtained from the latter search were reviewed independently by two investigators.
Patients with the first diagnosis of perianal fistulizing disease at or after the diagnosis
of CD and with a follow-up for at least six months were included. Follow-up time was
from the onset of fistulizing CD until the date of last follow-up or the 1st of January
2010.
Dataextraction
Demographic information, date of diagnosis CD, disease localization, time between
the diagnosis of CD and the development of perianal fistulas, fistula character,
medical and surgical treatment received for perianal fistulas and subsequently
response, remission and relapse were extracted from all charts.
The diagnosis of CD and the extent of the disease were confirmed according to the
Lennard-Jones criteria28. The localization of the disease was classified into seven
groups: upper gastrointestinal tract, small bowel, large bowel, ileocecal, large- and
small bowel, perianal and entire gastrointestinal tract. In addition, involvement of
the rectum was determined.
The diagnosis of perianal fistulizing disease was based on endoscopic, radiographic
or clinical evidence. Fistula character was classified as ‘simple’ or ‘complex’ following
the criteria of Sandborn et al. 29. The medical therapies received as treatment for
perianal fistulas were divided in antibiotics, corticosteroids, immunosuppressants
and anti-TNFα’s. Furthermore, the patient’s history of colon resection, fistulectomy,
placement of a stoma and rectum amputation was noted. The response to medical
and/or surgical treatment was defined as a decrease of discharge, pain and bleeding
from the fistula tract and remission was defined as the absence of an external
opening without discharge on history and physical examination. Relapse was defined
as recurred discharge on history and physical examination with reopening of the
previous external opening and/or formation of new perianal fistulas after initial
remission. Worsening of the disease after the start of medical and/or surgical
treatment with or without an initial response was defined as an increase of
discharge, pain and bleeding from the fistula tract.
Outcome
The primary objective was to assess the remission rate of CD perianal fistulas after
medical and/or surgical treatment. Secondary parameters included response and
relapse.
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Statistical analysis
The data were presented in percentages, medians and ranges. The Mann-Whitney
U-test was used to compare non-parametric data sets and the Fisher’s exact test was
used to determine whether a significant association existed between two data sets.
All statistical analyses were performed using the SPSS statistical package (IBM,
version 20.0.0). p < 0.05 was considered statistically significant.

Results
Demographics
In the final search 436 patients who visited the Erasmus MC University hospital
between the 1st of January 1980 and the 1st of January 2000 from whom letters
contained the terms ‘fistulizing disease’ and ‘CD’ were identified. Of these patients,
204 were excluded because of the following reasons: CD was not confirmed
endoscopically, histologically or radiologically (13.1%); the diagnosis of fistulizing
disease was prior to the diagnosis of CD (10.1%); fistulizing disease was not
diagnosed (1.4%); only enterocutaneous or enteroenteric fistulas (6.0%),
rectovaginal fistulas (2.8%) or pouch-vaginal fistulas (0.7%) were confirmed; the
fistulas were related to a complicated surgery (0.9%); the follow-up period after the
diagnosis of perianal fistulas was less than six months (10.1%); no information on
complexity of perianal fistulas was documented (1.8%). A total of 232 patients (98
men (42.2%) were included for further evaluation.
The median age at diagnosis of CD was 22.8 years (range, 4.0 – 68.7). CD localization
is shown in table 1. The median age at diagnosis of fistulizing disease was 29.4 years
(range, 9.1 – 77.3). In total 66 patients (28.4%) developed fistulas within six months
after the onset of CD and in 78.9% perianal fistulas developed within 10 years after
the diagnosis of CD with a median duration of 7.0 years (range, 0.7 – 38.0) (figure 1).
Median follow-up time from fistula diagnosis was 10.0 years (range, 0.5 – 37.5).
Patients with a complex fistula (78.0%) did not significantly differ from patients with
a simple fistula (22.0%) with respect to sex, age at diagnosis of (fistulizing) CD, time
of diagnosis (before or after 1999) and rectal involvement.
Medical treatment
In this cohort 185 patients (79.7%) received any drugs (antibiotics, steroids,
immunosuppressants, anti-TNFα’s). Of the patients with simple fistulas (51 pts)
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41.2.% underwent no treatment (6 pts) or solely surgery (15 pts ). In 15 patients
(29.4%) the treatment included drugs solely (table 2a) and in the remaining 15
patients (29.4%) the treatment involved both drugs and surgery. Of the 30 patients
(58.8%) with a simple fistula who received drugs, only one type of drug was
prescribed in 12 patients (40.0%) (table 2b).
In 26 patients (14.4%) suffering from a complex fistula, the treatment involved solely
surgery (11.6%) or no treatment (2.8%). In 82 patients (45.3%) the treatment
included solely drugs (table 2a). Combination strategy including drugs and surgery
was given in 73 patients (40.3%). Of the 155 patients (85.6%) with a complex fistula
who received drugs, only one type of drugs was prescribed in 42 patients (27.1%)
(table 2b).
Table 1 │ Demographic characteristics of the perianal fistulizing Crohn’s disease cohort
Perianal fistulizing CD (n = 232)
Male (n,%)
98 (42.2)
CD characteristics
Age at diagnosis (median, range (years))
22.8 (4.0 – 68.7)
Localization (n,%)
- Upper GI
11 (4.7)
- Small bowel
16 (6.9)
- Ileocecal
35 (15.1)
- Large bowel
88 (37.9)
- Small + large bowel
67 (28.9)
- Whole GI tract
2 (0.9)
- Isolated perianal disease
13 (5.6)
Rectal involvement (n,%)
96 (41.4)
Perianal fistula characteristics
Diagnosis after 1999 (n,%)
129 (55.6)
Age at diagnosis (median, range (years))
29.4 (9.1 – 77.3)
Diagnosis within 6 months after
66 (28.4)
diagnosis CD (n,%)
Time to diagnosis if > 6 months after
7.0 (0.7 – 38.0)
diagnosis CD (median, range (years))
Follow-up time (median, range (years))
10.0 (0.5 – 37.5)
Complex (n,%)
181 (78.0)
Abbreviations CD: Crohn’s disease; GI: gastrointestinal tract.

In patients with simple fistulas significantly more often no drugs were prescribed
(41.2%) compared to patients with complex fistulas (14.4%) (p < 0.001). When drugs
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were the only treatment given, significantly more antibiotics were prescribed in case
of complex fistulas (p = 0.047) and significantly more steroids in case of simple
fistulas (p = 0.027) (table 2a). Off all patients who received drugs with or without
additional surgery (79.7%), 54 patients (29.2%) received only one type of drug (table
2b). The number of patients receiving antibiotic therapy combined with one or more
of the other drugs was significantly higher when a complex fistula was diagnosed
compared to patients with a simple fistula (65.5% versus 27.8%; p = 0.004). Vice
versa, steroids combined with one or more drugs and maintenance anti-TNFα’s in
combination with one or more drugs were used more often by patients with the
diagnosis simple fistula compared to patients with a complex fistula (respectively p
< 0.001 and p = 0.042) (table 2b).
Figure 1 │Cumulative perianal fistula-free survival after diagnosis of Crohn’s disease

Overall the most often prescribed drugs in both simple and complex fistula were
immunosuppressants (82.2%). If immunosuppressants were prescribed, steroids
were part of the treatment in simple fistulas in 13 patients (56.5%). In complex
fistulas induction with anti-TNFα was most often given concomitant with
immunosuppressants (52.7%). In 13 (43.3%) of patients with simple fistulas and in
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51 of the patients with complex fistulas (32.9%) anti-TNFα maintenance therapy was
prescribed. Almost all of these patients received concomitant immunosuppressant
drugs (92.3% versus 88.2%).
Table 2a│ Drugs prescribed in patients who received solely drugs, divided in simple and
complex fistulas
Total
Simple
Complex
(n,%)
(n,%)
(n,%)
Drugs only
n = 97
n = 15
n = 82
p value
Antibiotics
51 (52.6)
4 (26.7)
47 (57.3)
0.047
Steroids
27 (27.8)
8 (53.3)
19 (23.2)
0.027
Immunosuppressants
82 (84.5)
13 (86.7)
69 (84.1)
1.000
Induction with anti-TNFα’s
55 (56.7)
9 (60.0)
46 (56.1)
1.000
Maintenance therapy anti36 (37.1)
8 (53.3)
28 (34.1)
0.244
TNFα’s

Surgery
In total 124 patients (53.4%) underwent surgery for their fistulizing disease (table 3).
In patients with a simple fistula significantly more fistulectomies were performed
than in patients with a complex fistula (73.3% versus 42.6%; p = 0.006). Of patients
with a complex fistula, 60 (63.8%) underwent a fecal diversion compared to eight
(26.7%) in the patients with simple fistulas (p = 0.001). In addition, significantly more
patients with a complex fistula underwent rectum amputation (25.5% versus 6.7%;
p = 0.037). Surgery was combined with medical treatment in 15 patients (29.4%) with
a simple fistula and in 73 patients (40.3%) diagnosed with a complex fistula (p =
0.192).
Overall effect of treatment strategies
The overall response to treatment rate was 83.7%. There was no significant
difference between simple fistulas (93.3%) and complex fistulas (81.3%) (p = 0.068)
with respect to the response rate. The overall remission rate was significantly higher
in patients with simple fistulas (88.2%) compared to complex fistulas (64.6%) (p <
0.001) with a total overall remission rate of 69.8%. Fistula remission was achieved
after a median duration of 27.0 months (range, 0 – 303.0): in case of simple fistulas
the median duration was 34.0 months (range, 0 – 187.0) and after 27.0 months
(range, 0 – 303.0) in complex fistulas (p = 0.785). Initially healed fistulas recurred in
37.7%. Simple fistulas relapsed less often compared to complex fistulas (26.7%
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versus 41.9%; p = 0.051). Only 37.0% of the complex fistulas were in remission at the
end of follow-up compared to 66.7% of the simple fistulas (p < 0.001) (figure 2).
Table 2b │Drugs prescribed for simple and complex fistulas
Total
Simple
(n,%)
(n,%)
1 type of drug
Antibiotics
Steroids
Immunosuppressants
Induction with anti-TNFα’s
Maintenance therapy antiTNFα’s

n = 54
8 (14.8)
9 (16.7)
34 (63.0)
3 (5.5)

≥ 2 types of drugs
Antibiotics
Steroids
Immunosuppressants
Induction with anti-TNFα’s
Maintenance therapy antiTNFα’s

Complex
(n,%)

n = 12
2 (16.7)
3 (25.0)
7 (58.3)
0 (0.0)
0 (0.0)

n = 42
6 (14.3)
6 (14.3)
27 (64.3)
3 (7.1)

p value
1.000
0.399
0.744
1.000

0 (0.0)

n/a

n = 131
79 (60.3)
54 (41.2)
118 (90.1)
90 (68.7)

n = 18
5 (27.8)
15 (83.3)
16 (88.9)
14 (77.8)

n = 113
74 (65.5)
39 (34.5)
102 (90.3)
76 (67.3)

p value
0.004
<0.001
1.000
0.427

64 (48.9)

13 (72.2)

51 (45.1)

0.042

0 (0.0)
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Total
n = 185
n = 30
n = 155
p value
Antibiotics
87 (47.0)
7 (23.3)
80 (51.6)
0.005
Steroids
63 (34.1)
18 (60.0)
45 (29.0)
0.002
Immunosuppressants
152 (82.2)
23 (76.7)
129 (83.2)
0.435
Induction with anti-TNFα’s
93 (50.3)
14 (46.7)
79 (51.0)
0.694
Maintenance therapy anti64 (34.6)
13 (43.3)
51 (32.9)
0.298
TNFα’s
Overview of all patients who received drugs (n = 185) with or without additional surgery
divided in patients who received 1 type of drug (n = 54) and patients who received 2 or
more types of drugs (n = 131).

Response, remission and relapse rates per treatment strategy
No treatment
In six patients (11.8%) with a simple fistula and five (2.8%) patients with a complex
fistula no treatment was given. In four of these patients with simple fistulas (66.7%)
and two patients with complex fistulas (40.0%) durable remission was achieved. The
time to remission was comparable between patients with a simple fistula (40.0
months (range, 12.0 – 187.0) versus 37.5 months (range, 3.0 – 72.0); p = 1.000).
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Table 3 │Surgery for simple and complex fistulas divided per type of surgery
Total
Simple
Complex
(n,%)
(n,%)
(n,%)
n = 124
n = 30
n = 94
Colectomy
63 (50.8)
11 (36.7)
52 (55.3)
Fistulectomy
62 (50.0)
22 (73.3)
40 (42.6)
Fecal diversion
68 (54.8)
8 (26.7)
60 (63.6)
(stoma)
Rectum amputation
26 (21.0)
2 (6.7)
24 (25.5)

p value
0.094
0.006
0.001
0.037

Drugs only
The overall response in this group was 72.2% (with no difference between simple
and complex fistulas (p = 0.222) (figure 2). The remission rate after an initial response
to the medication was 64.3% without a significant difference between simple and
complex fistulas (p = 0.121). Immunosuppressants, anti-TNFα therapy or the
combination of immunosuppressants and anti-TNFα somewhere in the disease
course of patients with simple fistula did not improve remission rates compared to
patients who did not receive one of these drugs or the combination of the two
(respectively p = 1.000, p = 0.525 and p = 0.569). Similar results were seen for
patients with complex perianal fistulas treated with immunosuppressants (p =
0.379), anti-TNFα (p = 0.119) and the combination of the two (p = 0.121). Overall,
fistula remission was achieved after a median duration of 43.0 months (range, 5.0 –
101.0) in simple fistulas and after 23.5 months (range, 3.0 – 203.0) in complex fistulas
(p = 0.254). The recurrence rate after an initial response and remission in simple
fistulas was 27.3% and 11.8% in complex fistulas (p = 0.337) with an overall relapse
rate of 15.6%.
Surgery only
Fistulas that were treated with surgery only had an overall response rate of 91.7%
(figure 2). Overall remission after an initial response was 97.0%. Median time to
remission was 13,0 months (range, 0.0 – 137.0) in case of simple fistulas and 24.5
months (range, 1.0 – 264.0) in case of complex fistulas (p = 0.589). No significant
difference was found in relapse rate between simple (14.3%) and complex (27.8%)
fistulas (p = 0.426) with an overall recurrence of 21.9%.
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Figure 2 │ Flowchart showing the natural history of the patients with perianal fistulizing
Crohn’s disease
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Drugs and surgery combined
In 29.4% of the simple fistulas and 40.3% of the complex fistulas a multimodal
treatment with medication and surgery was necessary (figure 2). The overall
response rate was 93.2% with no difference between simple and complex fistulas (p
= 0.584). The overall remission rate after an initial response was 86.6%. Fistulas more
often came in remission in case of a simple fistula (100.0%) compared to complex
fistulas (83.6%) (p = 0.202) after a median duration of 48.0 months (range, 0.0 –
136.0) versus 34.0 months (range, 0.0 – 303.0) (p = 0.854). When remission was
achieved after initial response the overall recurrence rate was 64.8%.
Remission rates per CD localization
All patients with CD localized only perianal or in the whole gastrointestinal tract had
a complex fistula. These complex fistulas healed in 69.2% when isolated perianal
disease was present and in all patients with involvement of the entire
gastrointestinal tract. Simple fistulas healed significantly more often when luminal
CD was present in both the small intestine and colon compared to complex fistulas
(95.2% versus 62.2%; p = 0.006). When luminal CD was localized in the large bowel
or ileocecal, no significant difference in fistula closure was found between simple
and complex fistulas (p = 0.130 and p = 0.121). Involvement of the rectum was not
associated with a lower remission rate in both simple and complex fistulas (p = 0.321
and p = 0.255).

Discussion
In this large retrospective cohort of CD patients suffering from perianal fistula we
assessed the effect of different treatment strategies including surgery on the healing
of these fistula. Due to the long-term median follow-up of 10 years we were able not
only to investigate the time to first remission but also the rate of relapse after a first
remission. Remission rate of the first episode of perianal fistulas of the 232 patients
was 69.8%. Overall simple fistulas were more likely to heal than complex fistulas
(88.2% versus 64.6%; p < 0.001) without a significant difference in median duration
to first fistula healing. These rates are comparable with previous studies reporting
remission rates of 66 – 68% with also a higher healing rate of simple fistulas
compared to complex fistulas. In addition, no significant difference in time to fistula
remission between simple and complex fistulas was observed7,9. The overall
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recurrence after initial healing including the whole range of applied strategies, was
a disappointing 37.7%. Only 37.0% of the complex fistulas were in remission at the
end of follow-up compared to 66.7% of the simple fistulas (p < 0.001). In several
population-based cohorts the overall recurrence rate of fistulas was about one
third6,7,9. A prospective study in patients with solely perianal fistulas observed a
recurrence rate of 44.4% which was higher than the 37.7% in our cohort30.
Active rectal disease is indicated as a risk factor for perianal fistula, in our cohort,
only the minority of the patients had active rectal disease. Involvement of the rectum
was not associated with a lower remission rate in both simple and complex fistulas
(p=0.321 vs. p=0.255). However, our cohort included more patients than previous
studies6,7,12. Furthermore in patients with active rectal disease the risk for developing
perianal fistulas compared to patients with solely involvement of the small intestine
was reported to be higher. Only a small proportion of our cohort had luminal disease
present in solely the small intestine (6.9%) or only ileocecal involvement (15.1%).
Most patients had involvement of the colon (37.9%) or colon and small intestine
(28.9%). In agreement with the literature, 5.6% of our patients presented with
isolated perianal disease and most of our patients had colonic involvement or small
intestine plus colonic disease 6,10,11.
We showed that 2.6% of the perianal fistulas healed without any form of treatment
which is even less than the already very low spontaneous healing rates of 6 – 13%
known from three placebo controlled studies21,31,32. Healing rates after treatment
with drugs only vary between 9 – 78% 7,9, however the lowest reported healing rates
did not include anti-TNFα therapy and the number of patients in these studies
treated solely with drugs was low. In a recent published meta-analysis including 453
patients with active perianal fistulizing CD, complete closure of the fistula was
observed in only 32.8% of the patients after anti-TNFα therapy alone25. Combining
different medical treatments resulted in our cohort in closure rates which were twice
as high (64.3%), suggesting that solely anti-TNFα therapy is not the optimal
treatment for perianal fistulizing CD. Surgery only did led to a remission rate of three
quarters, however the number of patients treated with surgery only was small
(15.5%).
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Infliximab was available in our hospital from 1999 and 57.7% of the patients treated
with solely drugs received at least one gift of anti-TNFα, however this was not leading
to higher remission rates of perianal fistulas compared to patients that did not
received infliximab (p = 1.000). Our negative infliximab results may be influenced by
the time to treatment. Furthermore the addition of ciprofloxacin to anti-TNFα
significantly increased the rate of healed fistulas in the ADAFI-trial27. If this strategy
fails to heal the fistula options are scarce. Therefore, it is desirable to start treatment
as soon as possible after ruling out the presence of abscesses and preferably
placement of non-cutting setons to reduce the risk of new perianal abscess
formation.
Recently Sandborn et al. reported the results of the first induction and maintenance
trials of vedolizumab, an α4β7-integrin antibody33. Although the number of patients
with fistulas in this trial was quite low, vedolizumab every eight weeks resulted in a
significant higher closure rate compared to placebo (p = 0.03)33 . A new promising
approach in perianal fistula in CD is cellular therapy with mesenchymal stromal cells
(MSCs). In the past years several reports on clinical trials using MSCs as a treatment
for perianal fistulizing CD have demonstrated that the local administration of MSCs
is safe and feasible and some of these studies have suggested a potential therapeutic
effect34-37.
In conclusion, we demonstrated in this large cohort of 232 patients with fistulising
CD that only one third of the patients with complex perianal fistulas achieved a
durable remission after conventional treatment strategies. Simple fistulas were
more likely to heal than complex fistulas and less of these healed fistulas relapsed.
However, more than three quarters of the patients had complex perianal fistulas.
Rectum involvement and anti-TNFα therapy was not associated with lower remission
rates.
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Summary
Inflammatory Bowel Disease (IBD) is a chronic disabling disease of the
gastrointestinal tract, comprising Crohn’s disease (CD), Ulcerative Colitis (UC) and
unclassified colitis (IBDU). IBD is a multifactorial disease. Aside from the intestinal
microflora, environmental triggers and the immune response, genetic susceptibility
plays an important role in the development of IBD. Epidemiologic data suggest that
the prevalence of IBD reaches up to 396/100,000 persons. The worldwide incidence
of UC varies between 0.5-24.5/100,000, while that of CD varies between 0.116/100,000 persons1. At present, no treatment exists that can lead to a definitive
cure for IBD. As such, the treatment goal is to provide long-term clinical remission
without disease progression or disease complications. Within the last decade there
has been a shift in treatment goals from symptomatic control to sustained clinical
and endoscopic remission and, even more recently, mucosal healing2-7. Treatment
strategies have therefore changed, from conventional step-up to early introduction
of immunomodulators and/or anti-TNFα, including a more stringent assessment of
disease activity and rapid therapeutic escalation to achieve tight control of
inflammation. Thus, instead of using a fixed strategy, a tailored treatment is
increasingly considered to be more appropriate. However, for tailored treatment to
be implemented, predictive factors related to adverse disease outcome are required.
In this thesis, several aspects of IBD are considered, with a view to tailor treatment
in order to achieve the most efficient strategy with currently available drugs. These
aspects include diagnostics, clinical presentation, treatment, response to treatment
and genetics. Chapter 1 is a general introduction of these aspects.
In chapter 2, we reviewed trials for drugs that initially were regarded as promising
for the treatment of IBD, but in the end did not enter the market. In this chapter we
searched for reasons behind the failure of these drugs. Clinicaltrials.gov was
searched for interventional trials on novel IBD therapies. Included were “Crohn’s
disease” and/or “Colitis, Ulcerative” trials, started between July 1996 and October
2011 which were discontinued at some point during the study. PubMed was
searched for publications to elucidate reasons for discontinuation. 191 novel drug
trials were published on clinicaltrials.gov, of which 24 (12.6%) were interrupted. The
most common reason for discontinuation was lack of efficacy. This study taught us
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that translation of data from bench to bedside is not always feasible and that animal
models have significant restrictions. For better treatments, personalized medicine
will be the future.
The clinical characteristics of IBD at diagnosis were unknown in the Netherlands at
the population level in the era of biologicals. However, better knowledge of the
natural history of IBD at a time when biologicals are available, is a prerequisite for
the initiation of disease modification trials. In chapter 3, we therefore introduced the
IBD Delta cohort. This is a cohort of 413 newly diagnosed IBD patients in the
southwest of the Netherlands. Furthermore, we provided the descriptives of this
cohort, and compared this cohort to other described cohorts.
In Chapter 4 we assessed the frequency of disease related complications such as
fistula formation, abscess formation, extraintestinal manifestations (EIM), surgery,
referral to an academic centre and mucosal healing, in relation to timing of anti-TNFα
therapy initiation in the newly diagnosed IBD patients of the Delta cohort. This study
was instigated with the hypothesis that earlier start of this treatment would result
in a better outcome, based on the idea that top-down treatment (i.e. an intensive
medication course early in treatment) might result in early remission induction and
hence better control of inflammation. Eighty-five patients (21%) received anti-TNFα
(66 CD, 16 UC, 3 IBDU) of whom 57% (48 pts) < 16 months after diagnosis. Patients
receiving anti-TNFα early (<16 months) did not differ from patients receiving antiTNFα late (>16 months) regarding gender, age, smoking status and familial IBD. More
importantly, patients receiving anti-TNFα early did not suffer less IBD-related
complications during follow-up as compared to patients started on anti-TNFα late,
nor did we observe more mucosal healing (MH). Similar results were obtained when
anti-TNFα treated patient were stratified more stringently, i.e. <12 months (40 pts)
vs. >24 months (24 pts). Cox-regression analysis showed no beneficial correlations
between anti-TNFα timing and IBD-related complications. Anti-TNFα treated
patients achieving MH were 11 times less likely to develop EIMs compared to
patients who did not achieve MH while on anti-TNFα. While demonstrating the
importance of MH on the disease course, this study was unable to confirm a benefit
for earlier anti-TNFα treatment on IBD-disease complications. We speculated that
while there may be a subpopulation of patients who may benefit from early anti-
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TNFα treatment, inappropriate selection of patients for therapy currently leads to
suboptimal treatment and subsequently outcome.
In Chapter 5 our aim was to identify patients that might benefit from intensive
treatment early on in the disease, hypothesising that patients with poor disease
outcome would be most eligible for this step-down treatment approach. First we
stratified our patients as either having disabling disease course or not, according to
previously published criteria, defined as; “more than two steroid courses, steroid
dependence, hospitalization, disabling chronic symptoms, need for immunosuppression, resection, or perianal surgery”8. After doing so, 52% of the patients in
our cohort were classified as having disabling disease. However, this definition of
disabling disease resulted in a situation where the definition of disabling disease was
no longer clinically applicable in our cohort. We therefore redefined an adverse
disease outcome as; “more than one hospitalization, IBD-related surgery defined as
bowel resection, abscess or fistula surgery or laparotomies for the primary indication
of IBD, development of IBD-related fistula and/or abscesses, disease progression
according to the Montreal criteria and development of major extraintestinal
manifestations defined as arthritis confirmed by a rheumatologist, inflammation of
the eye as confirmed by an ophthalmologist, erythema nodosa and/or pyoderma
gangrenosum as confirmed by a dermatologist, aphthous stomatitis9,10”. According
to these criteria, 36% of the patients in our cohort suffered an adverse disease
course. Additionally we aimed to identify parameters at diagnosis, capable of
predicting an adverse disease course in follow-up. In logistic regression, factors at
diagnosis predicting outcome were having CD (OR 3.0, CI 2.0-4.5), age <35 years (OR
1.7, CI 1.2-2.6), endoscopic disease severity at diagnosis (p < 0.002) and a trend for
histologic disease severity at diagnosis was observed (p=0.084). In a cox-regression
analysis, age <35 and endoscopic disease severity at diagnosis were multivariately
associated with time to adverse disease development as defined by these criteria.
Thus, with this study, we have defined characteristics which can be measured at
diagnosis and are able to predict poor disease outcome.
In Chapter 6, we extended our search for patients suitable for a specific therapeutic
strategy by exploring associations between known IBD risk alleles and the response
to treatment in a cohort of 570 patients that were treated at the Erasmus MC IBD
unit. Of these patients, 71.2 % suffered from Crohn’s disease, 27.3% from ulcerative
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colitis and 1.5% from IBD-unclassified. Genetic variants of nine IBD-associated genes,
representing some of the best studied and most promising IBD-loci to date, were
investigated. No correlations were found between the presence of single nucleotide
polymorphisms (SNPs) in the LRRK/MUC2, CCR6, IL23R and NCF4 genes and response
to anti-TNFα in patients. In three of the other genes (IRGM, NOD2 and STAT3),
correlations were found, but these were not strong enough to survive multiple
testing corrections. Patients carrying a SNP in the STAT3 gene more often required
surgery, and required significantly more surgery per patient, with the latter holding
up after multiple testing correction, independent of disease phenotype and disease
behaviour (0.77 vs. 1.26 p = 0.004). Patients carrying a SNP in the ATG16L1 gene also
required surgery more often and required more surgery per patient, although not
significant after correction for multiple testing. More striking was that patients
carrying an ATG16L1 risk allele were more likely to be treated with the anti-TNFα
drug adalimumab, even after correction for disease phenotype, disease behaviour
and age (p = 0.004, OR 2.4, CI 1.3-4.4). With this, STAT3 and ATG16L1 SNP carriers
seem to have a different, not previously identified, IBD disease phenotype. Genetic
polymorphisms in known IBD-associated genes correlate with response to
treatment, suggesting that genetic make-up of IBD patients may in future help
physicians decide on personalized treatment strategies. Further investigation will
need to elucidate the implications of these findings and identify the corresponding
disease phenotype.
Finally, in Chapter 7 a special cohort of IBD patients already presenting with an
invalidating complication, namely perianal fistulizing disease, is described. Although
a range of medical and surgical options is available nowadays, the treatment of
perianal fistulas remains challenging. In this chapter we explore the efficacy of
different treatment strategies on the long term outcome of these fistula. In total 232
patients with perianal fistulizing CD visiting the ErasmusMC between 1-1-1980 and
1-1-2000 were included. Complex fistula were present in 78.0%. Medical treatment
(antibiotics, steroids, immunosuppressants and anti-TNFα) commenced in 79.7% of
the patients and surgery in 53.2% (colectomy, fistulectomy, stoma and rectum
amputation) was performed. Simple fistulas healed more often than complex fistulas
(88.2% versus 64.6%; p < 0.001). Rectum involvement was not associated with a
lower remission rate and anti-TNFα therapy did not increase complete fistula healing
rates in simple or complex fistulas, which is striking, as this aggressive and expensive
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treatment is often given in an attempt to treat these fistulas. Initially healed fistulas
recurred in 26.7% in case of simple fistulas and in 41.9% in case of complex fistulas
(p=0.051). Only 37.0% of the complex fistulas were in remission at the end of followup compared to 66.7% of the simple fistulas (p < 0.001).
Only a minority of complex perianal fistulas were in remission after conventional
treatment strategies after a median follow-up of 10 years. Simple fistulas were more
likely to heal than complex fistulas and less of these healed fistulas relapsed.
However, more than three quarters of the patients had complex perianal fistulas.
Overall, from the past we have learned that translation from bench to bedside is not
always feasible and that most treatments never reach the market due to poor
efficacy. From the present we have learned that the incidence rates of IBD in the
Netherlands seem to be rising. Furthermore, despite their promising character, the
efficacy of anti-TNFα drugs seems to us a little disappointing in sustaining an
extraintestinal manifestation and fistula free remission. In the future, IBD treatment
at diagnosis should be tailored according to histological and endoscopic disease
severity. Additionally, in order to treat previously unknown IBD phenotypes, genetics
will become a more influential participant in IBD treatment.
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Discussion
IBD treatment strategies are rapidly changing. New and more potent drugs have
entered the therapeutic field within recent years11-15. With this thesis we aimed to
look critically at what we have been able to achieve so far and how to improve future
IBD treatment accordingly. In this chapter we will discuss the main findings of the
reported studies in the context of current literature.
Epidemiology
Through the combination of clinical, genetic, and environmental data, it seems
increasingly possible to reach a point where the assessments of disease course and
treatment can be personalized for the individual patient. A better knowledge of the
epidemiology and the natural history of IBD in the era of biologicals is a prerequisite
to the initiation of disease modification trials. However, data regarding epidemiology
and clinical characteristics of IBD at diagnosis in the Netherlands at the population
level in the era of biologicals are scarce, which is worrying, given that a Dutch
population-based cohort study showed the Netherlands to have a relatively high IBD
incidence rate6. In chapter 3 we describe a cohort of newly diagnosed IBD patients,
with which we estimate to cover approximately 65% of newly diagnosed IBD patients
in the southwestern region of the Netherlands. With 654 newly diagnosed IBD
patients, in an area of 8770 hospital beds, 2,8 hospital beds per 1000 habitants, and
3,092,159 habitants in the researched area in the Netherlands, the incidence of IBD
in 2006 can be estimated at 3558 persons per year in the Netherlands16, 17. When
compared to the only other known Dutch IBD cohort, the south-Limburg cohort
which describes 1264 patients newly diagnosed between 1-1-1991 and 1-1-2003 in
a different area of the Netherlands and an incidence of 105 per 645000 persons per
year, this incidence seems to have increased18. The south-Limburg (S-L) cohort is said
to have a more or less stable incidence over those twelve years. Additionally,
migration in and out the area has been known to be low. While the CD:UC ratio in
the S-L cohort is 1:1.32, in our cohort it is almost 1:119. In our cohort of 413 IBD
patients, 5.8% were diagnosed with IBDU, which is similar to earlier reported
percentages20. The differences between these two cohorts coming from the same
country are more likely to be time related, as patients in the S-L cohort were included
from 1991 until 2003, thus indicating that the incidence of IBD, and in particular CD,
has increased over those two decades.
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Disease characteristics
Aside from epidemiology, the natural history of IBD and disease characteristics such
as disease location and behaviour, should be known in order to determine disease
progression and the effect of treatment. It is essential to define and identify disease
in its early stages, as this time seems to be the best opportunity to intervene and
modify disease course through a more aggressive therapeutic strategy, if indicated21,
22
. Previous population based studies have shown great variations with regard to
disease localization in CD at diagnosis, possibly as a result from differences in
diagnostic criteria used across the studies23, 24. Large cohort studies reported isolated
terminal ileitis in 15 to 35% of the patients with CD, isolated colonic disease in 18 to
52% of CD patients, ileocolitis in 22 to 44% and inflammation in the upper
gastrointestinal tract (L4) in 2 to 14% 25-34. The disease extension in CD patients from
the Delta cohort (Chapter 3) lies within these ranges. A non-stricturing nonpenetrating phenotype was previously reported in 61-74%, stricturing disease in 428%, and penetrating disease in 8-24% of CD patients. Perianal disease at diagnosis
was observed in 2-11% of patients, except for a Greek cohort, in which perianal
disease was present in 24.8% of the patients25, 26, 28, 30, 31, 33. Again, we report similar
findings for CD in the Delta cohort.
The disease extension of UC in our cohort (Chapter 3) also did not differ from that
previously reported in other cohorts30, 31, 33, 34. Nevertheless the prevalence of leftsided colitis with 51% was higher in our cohort than in the IBSEN cohort, the
Copenhagen cohort, the Olmsted county cohort, and the Croatian cohort26, 29, 35, 36. A
Romanian cohort reported an even higher rate of left-sided colitis (65.6%)32.
Due to the lack of universal definition of IBDU (also called indeterminate colitis) in
the past, it is difficult to compare our cohort with other previously published
observations37. In the IBSEN cohort 27% of IBDU patients were suffering from
proctitis, 35% from left-sided colitis and 38% from extensive colitis35. The
discrepancy between our findings (Chapter 3) and data regarding IBDU patients from
the IBSEN cohort may be partly explained by differences in the definition used and
not be necessarily reflect the changes of the disease presentation over the past
decades.
Overall, disease location and behaviour in the Delta cohort seems comparable to
previously described population based cohorts, indicating that while the incidence
in the Netherlands may have increased, disease location and disease behaviour
remains comparable to other population based cohort studies.
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Disease complications
At present, no treatment exists that can lead to a definitive cure for IBD. As such, the
treatment goal is to provide long-term clinical remission without disease progression
or disease complications38, 39. In chapter 3 we have described de occurrence of
extraintestinal manifestations (EIMs) and disease complications at diagnosis,
alongside the incidence and disease location and behaviour. Fistulas were diagnosed
in 5.3% of patients either prior to or at the time of diagnosis. Abscesses were present
in 6.0% of CD patients and 1.1% of UC patients. Furthermore, 13 of 413 newly
diagnosed IBD patients (3.1%) suffered from EIMs at diagnosis. Earlier reports have
shown a peak incidence of perianal lesions around the time of CD diagnosis, with
incidence rates regarding fistula at diagnosis ranging from 2.4-18% 23, 29, 40. These
results are similar to our findings, suggesting that our population based cohort is a
good representation of the general IBD population.
In chapter 4 we described the development of EIMs and disease complications in
follow-up. Thirteen percent had fistulas or abscesses, 14% required surgery, and
close to one fifth had EIMs. Previously published cohorts report an incidence of EIMs
at diagnosis ranging between 15% and 27% 26, 30. One population based cohort
reported EIMs of IBD more extensively; their findings correlate with ours, except for
a lower incidence of eye involvement at diagnosis in UC patients in our cohort (0%
vs. 3.8% p = 0.016) and a trend towards fewer arthritis in our UC patients (1.6% vs.
5.7%, p = 0.07)30. The reported lifetime risk for the development of IBD-related EIMs
ranges from 6 to 47% 41-43. There is little known about the cumulative incidence of
EIMs in relation to the IBD disease duration, which precludes direct comparison of
the EIMs incidence in our cohort with reported numbers. Compared to cohort
studies which do mention EIMs in follow-up, we seem to find fewer EIMs in followup (73 pts, 17.7%). However, we were unable to identify one particular reason for
this, as there were many methodological differences41, 44 . Our cohort was created in
a population-based manner, with an enrolment of all consecutive newly diagnosed
IBD patients. We therefore do not expect to have missed many EIMs. However,
immunosuppressant and anti-TNFα treatment rates are higher in our cohort
compared to previously published studies, which might contribute to lower EIMs
incidence rates in our study41, 44.

8a

166 | Chapter 8a
Population based data regarding the short term incidence of fistulas and abscesses
are also scarce. The peak incidence of perianal lesions is shown to be around the
time of diagnosis, with incidence rates ranging from 2% - 18% 23, 29. Previously
published studies regarding cumulative incidence of fistulas and abscesses report
1.4% of UC patients to have fistulas within the first five years after diagnosis and
0.6% to have abscesses and 8.5% of the CD patients to suffer from fistulas within the
first five years after diagnosis and 12.3% patients to have abscesses45. These results
are similar to the incidences we found in the Delta cohort.
Past and current treatment
As mentioned above, we seemed to find fewer EIMs in a cohort where more
immunosuppressant and anti-TNFα treatment were used. In the Delta cohort 21%
patients received anti-TNFα of whom 57% < 16 months after diagnosis (Chapter 4).
Studies have shown that early introduction of biologic therapy or combination
therapy can increase steroid-free remission, mucosal healing and the avoidance of
surgical resection15, 36-39. A substantial number of patients with IBD, however, have
disease that can be controlled without immunosuppression. We were unable to
detect a disease modifying effect for anti-TNFα therapy in the Delta cohort, as there
were no differences in total disease outcome, surgery or mucosal healing between
patients starting anti-TNFα early or late, nor between patients receiving anti-TNFα
vs. patients not receiving anti-TNFα. In contrast, we observed that patients who
started anti-TNFα early were more likely to develop fistulas afterwards, in contrast
to what was found in the step-up top down study by D’Haens et al. 17. These
unexpected outcomes could not be explained by pre-existent fistulas before start of
treatment and cox-regression analysis did not show differences in the amount of
fistulas after anti-TNFα administration. This might indicate that the limits of the
therapeutic arsenal are reached sooner in patients who start anti-TNFα earlier.
Another explanation might be that patients starting anti-TNFα early indeed show a
more complicated disease course. However, we were unable to confirm this based
on other differences in disease complications between the groups.
In Chapter 6, we found that IBD-associated genes may contribute to subtle disease
phenotypical differences. We observed that patients carrying allelic variants of the
STAT3 and ATG16L1 risk gene were more likely to undergo surgeries, and ATG16L1
risk variants were associated with the use of the anti-TNFα treatment, adalimumab.
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Thus, while in chapter 6 we did not distinguish between early and late start of antiTNFα, it is tempting to speculate that an underlying previously undescribed disease
phenotype in ATG16L1 SNP carriers contributes to the decision to start anti-TNFα in
patients.
Not only were we unable to prove a beneficial effect of anti-TNFα on short term
treatment of EIMs and fistula in the Delta cohort, we also found disappointing
durable remission rates in patients treated for perianal fistula in the Erasmus MC
University Medical Centre Rotterdam (Chapter 7). We demonstrated in this large
cohort of 232 patients with fistulising CD that only one third of the patients with
complex perianal fistulas achieved a durable remission after conventional treatment
strategies. Simple fistulas were more likely to heal than complex fistulas and less of
these healed fistulas relapsed. However, more than three quarters of the patients
had complex perianal fistulas. Healing rates after treatment with drugs in reported
studies only vary between 9 – 78% 46-48. However the lowest reported healing rates
did not include anti-TNFα therapy and the number of patients in these studies
treated solely with drugs was low. In a recently published meta-analysis including
453 patients with active perianal fistulizing CD, complete fistula closure was
observed in only 32.8% of the patients after anti-TNFα therapy alone49. Combining
different medical treatments in our cohort resulted in a twofold higher closure rate
(64.3%), suggesting that solely anti-TNFα therapy is not the optimal treatment for
perianal fistulizing CD.
Furthermore anti-TNFα-treated patients in chapter 4 who did achieve mucosal
healing were less likely to develop EIMs. This strengthens the idea that inappropriate
selection of patients, rather than early anti-TNFα administration is related to this
disappointing effect of anti-TNFα treatment. With this, an overall picture is emerging
in which anti-TNFα is given as a last resort to patients with perceived disease severity
rather than to patients who are most likely to benefit from this treatment.
Future implications for IBD treatment research
Stratifying patients according to their likelihood of having a disabling disease course,
whom are thus more likely to benefit from earlier intervention with more potent
drugs, will have significant clinical utility. This will enable clinicians to target those
patients for whom the benefits of a more aggressive therapeutic strategy outweigh
the risks. The use of different definitions for disease course, disease severity,
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complications, or disability across studies, also using varying follow-up times, has
made comparison and reliable assessment of predictive factors difficult.
In chapter 5 we aimed to predict disabling disease, in order to better tailor treatment
at diagnosis. In an often referenced study by Beaugerie et al. clinical factors present
at the time of Crohn’s disease diagnosis were predictive of a disabling disease course
over the subsequent five years8. These factors included age <40 years, perianal
disease, and initial steroid requirement. The presence of two or more of these clinical
factors had a positive predictive value of >0.84 for a 5-year disabling course, which
was defined as more than two steroid courses, steroid dependence, hospitalization,
disabling chronic symptoms, need for immunosuppression, resection, or perianal
surgery. However, in the original studies describing the implementation of ‘adverse
outcome predictors’, approximately 80% of patients were found to have disabling
disease, which limits their clinical utility50, 51.
After redefining adverse disease as follows; within the four year follow-up
development of: more than one hospitalization, IBD-related surgery defined as
bowel resection, abscess or fistula surgery or laparotomies for the primary indication
of IBD, development of IBD-related fistula and/or abscesses, development of major
extraintestinal manifestations defined as arthritis confirmed by a rheumatologist,
inflammation of the eye as confirmed by an ophthalmologist, erythema nodosa
and/or pyoderma gangrenosum as confirmed by a dermatologist, aphthous
stomatitis9, 10, or progression of disease according to Montreal classification52, we
found age <35 and endoscopic and histological disease severity at diagnosis are
valuable factors for prediction of an adverse disease course.
Although some studies have provided confirmatory evidence for the factors reported
in the Beaugerie study, others have identified different factors predictive of a
disabling disease course, including ileal or ileocolonic disease, upper gastrointestinal
tract disease, extensive small bowel involvement, stricturing behaviour, weight loss
at diagnosis, and deep colonic ulcerations8, 28, 45, 50, 53-58. Additionally endoscopic
severity may have an impact on the long-term course of the disease, as CD patients
with extensive ulceration at colonoscopy have a more aggressive clinical course59.
Not only do patients with more severe endoscopic lesions need significantly more
colonic resections, but they also suffer from more penetrating complications.
Furthermore, endoscopic severity is equally important in UC patients, as patients
with a more severe UC at diagnosis have an increased surgery rate and experience
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more severe flares during follow-up60. Data from the IBSEN cohort strongly suggest
that mucosal healing predicts treatment efficacy, with a reduced frequency of
surgery and hospitalizations45. Other clinical risk factors associated with complicated
ulcerative colitis include young age, non-smoking status, extensive disease, primary
sclerosing cholangitis, and the presence of extraintestinal manifestations, most of
which were present in our definition of adverse disease61-64.
Important also to note is that ‘disabling disease course’ can be defined along multiple
lines. Whereas the Beaugerie criteria did not include referral to a tertiary centre,
major extraintestinal manifestations and development of fistula and abscesses. We
felt that these factors are sufficiently burdensome to be included in the definition of
adverse outcome. In other disabling disease studies the basis of the definition of
disabling disease came from the first definition8, 50, however was changed by
excluding the use of immunosuppressives and chronic disabling symptoms58, as did
we. One study stratified patients according to four disease pattern curves. Patients
themselves were asked which one best described their disease course56. Whilst in
other studies the endpoints were structuring or penetrating disease, or the
achievement of mucosal healing45, 53, 54, 57.
Considering all that is mentioned above, new treatments will remain needed. In
chapter 2 we showed that, sadly, many drugs, despite showing promising results,
never reach the market, due to numerous reasons. New treatments are designed in
laboratories and translated to humans based on a positive effect found in cell-lines
and animal models. However these positive results cannot be readily translated to
the patient, and can even lead to deleterious effect65. Another challenge is the
effectiveness of drugs. For example, interleukin-11 was only effective in a subset of
CD patients66, 67. Several drugs showed considerable effectiveness in vitro or in
animals, but could not be confirmed in vivo in humans68-71. Another problem we face,
is that various models are used for investigating drugs, leading to difficulties in
comparing outcomes72-76. Overall these results demonstrate that models for diseases
come with restrictions, and it might be better to model treatment strategies in
patients, and try to improve the use of the already available treatment arsenal in our
patient populations by identifying those patients most eligible for their use.
As such, more tailored strategies in the future could include treatment according to
the individual patients’ genetic profile. In chapter 7 we found a correlation between
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surgery and patients carrying an IBD-associated SNP in the STAT3 or ATG16L1 genes,
which seemed to be independent of disease location, disease behaviour and age.
This indicates that STAT3 and ATG16L1 SNP carriers may have a subtly different, not
previously described IBD disease phenotype, which is not described by commonly
used disease parameters. Considering there are over 163 IBD risk genes available,
more research obviously needs to be performed, in addition to the nine genes
investigated in this thesis. Recently, CD specific genetic-based subgroups, based on
46 IBD related SNPs have been identified, pointing to a non-random clustering of
genotypic profiles in CD patient, which significantly differed from healthy controls77.
The specific genotypic subgroups determining the CD clusters could be promising
disease predictors, and deserve future study once internationally ongoing efforts to
develop a disability score will be finished. This suggests that genetic make-up of IBD
patients may in future help physicians decide on personalized treatment strategies.
Where to go from here
While novel treatments are emerging (e.g. vedolizumab), our own studies have
shown that many do not reach the clinic, and making better use of the existing
arsenal is essential. Based on the results in this thesis, one could conclude that antiTNFα treatments are not as potent as they were expected to be. At the same time,
our data suggest that subpopulations of patients may be defined, which could
benefit from certain treatments. Firstly those subpopulations can be identified
according to predicted disease course, as defined in this thesis. Future research
should aim to confirm these prediction models for predicting an adverse disease
course, as by tailoring treatment according to the expected disease course, over and
under treatment can be banned, and maximum treatment efficacy can be reached.
Our studies have indicated that factors at diagnosis, such as endoscopic and
histologic scores and age, are able to predict debilitating outcomes, and the first
steps in future research should include confirming these findings in other cohorts,
prior to seeing whether prospective measurements of these parameters and
adjustment of treatment according to disease risk score, may improve patient
outcome.
In addition to identifying patients eligible for more stringent therapy based on
disease risk scores, a second approach would be to identify disease profiles and
entities which might respond to different treatments with a different efficacy. While,
based on the nine risk genes studied, we were unable to identify patients with better
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response or less side effects on anti-TNFα treatment, a different disease phenotype
in a genotypic subgroup of patients was observed. As we studied only nine of the
known 163 IBD risk genes, further elucidation of phenotype-to-genotype
relationships of other risk genes may be needed for the future. While far from easy
to perform, such risk profile studies are needed in order to optimise care, and to stop
treating IBD patients as if they are one homogeneous group, which we know they
are not. However, the question remains whether we will indeed be able to stratify
patients according to their specific defect and adjust therapy to this defect, and how
we should we act when patients have multiple immunological defects. Furthermore,
can the 163 identified risk variants be the answer for all patients, when only 10% of
IBD genetic susceptibility can be explained by the risk loci identified to date? It is
clear that elucidating the remaining causes and contributions to IBD aetiology is
imperative if we want to find better and more tailored treatments and improve
patient care. Nevertheless, identification of IBD subgroups, either according to
genetics, disease phenotype or response to treatment, or more idealistically these
three factor combined, should play a key role in future IBD research as the clinical
consequences are expected to be large.
In conclusion, our lesson for future management of IBD is to implement a dynamic
multivariate prediction model that combines clinical, serologic and genetic
information in the everyday practice. Such tools will enable clinicians to generate
rational disease prediction models and biomarkers for individualized therapy or
preventive measures. Future studies of treatment strategies and next generation
prediction tools should be set up to develop and validate indices of digestive damage
and disability.
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Nederlandse samenvatting
Inflammatoire darmziekten (Inflammatory Bowel Disease, IBD) zijn chronische
invaliderende ziekten van het maagdarmkanaal. Hieronder vallen de ziekte van
Crohn (CD), colitis ulcerosa (UC) en IBD unclassified (IBDU). IBD is een multifactoriële
ziekte. Naast de intestinale microflora, omgevingsfactoren en het immuunsysteem,
speelt genetische aanleg een belangrijke rol in de ontwikkeling van IBD.
Epidemiologische gegevens suggereren dat de prevalentie van IBD kan oplopen tot
396 / 100.000 mensen. De wereldwijde incidentie van UC varieert tussen de 0,5-24,5
/ 100.000, terwijl die van CD varieert tussen 0,1-16 / 100.000 personen.
Momenteel bestaat er geen behandeling die leidt tot een definitieve genezing van
IBD. Het huidige doel van de behandeling is dan ook om de ziekte lange tijd in
klinische remissie te houden en ervoor te zorgen dat er geen progressie of
complicaties van de ziekte optreden. De laatste tien jaar is het doel van de
behandeling van IBD verschoven van het onder controle houden van de symptomen
naar langdurige klinische en endoscopische remissie en, recentelijk, naar mucosale
genezing. Daarmee samenhangend zijn ook de behandelingsstrategieën veranderd,
van de conventionele step-up, naar de vroegtijdige introductie van
immunosuppressieve en / of anti-TNFα therapie, met als doel de ziekteactiviteit
onder controle te houden en zo nodig snel therapeutisch op te schalen.
In de plaats van te kiezen voor een vaststaande behandelstrategie, zal er in de
toekomst meer gebruik gemaakt worden van een voor de patiënt op maat gemaakte
behandeling. Voordat er voor een specifieke behandelstrategie gekozen wordt, moet
het ziekte verloop voorspelt kunnen worden, om zo een inschatting te kunnen
maken over de te verwachten ziekte uitkomst.
In deze thesis worden verschillende aspecten van IBD bestudeerd, om
behandeling zo te specificeren dat het maximale effect bereikt wordt met
momenteel beschikbare geneesmiddelen. Deze aspecten zijn onder andere
diagnostiek, klinische presentatie, behandeling, reactie op de behandeling en
genetica van IBD. Hoofdstuk 1 is een algemene inleiding op deze aspecten.

de
de
de
de

In hoofdstuk 2 hebben we studies bekeken betreffende geneesmiddelen die
aanvankelijk als veelbelovend voor de behandeling van IBD werden beschouwd,
maar uiteindelijk niet beschikbaar zijn geworden op de markt. In dit hoofdstuk
hebben wij gezocht naar redenen achter het falen van deze medicamenten. Op
Clinicaltrials.gov werd gezocht naar studies betreffende nieuwe IBD therapieën.
Studies die werden gevonden met de zoektermen "ziekte van Crohn" en/ of “Colitis
Ulcerosa", die waren gestart tussen juli 1996 en oktober 2011, en die op enig
moment tijdens de studie gestopt waren, werden geïncludeerd. Vervolgens werd op
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PubMed gezocht naar publicaties om de mogelijke oorzaak van het staken van de
studie op te helderen. Van de 191 studies betreffende nieuwe medicatie,
gepubliceerd op clinicaltrials.gov, waren er 24 (12,6%) afgebroken. De meest
voorkomende reden voor het staken van de trials, was het gebrek aan werkzaamheid
van de medicamenten. Deze studie leerde ons dat de vertaling van de gegevens van
het laboratorium naar de patiënt niet altijd haalbaar is en dat diermodellen
aanzienlijke beperkingen kennen.
De kennis over de presentatie van IBD bij diagnose in Nederland op bevolkingsniveau
in het tijdperk van beschikbaarheid van biologicals is beperkt. Echter, een betere
kennis van het natuurlijke verloop van IBD ten tijde van beschikbaarheid van
biologicals, is een voorwaarde voor het opstarten van studies, die als doel hebben
het natuurlijk verloop van de ziekte te veranderen. In hoofdstuk 3, introduceerde we
daarom het Delta IBD cohort. Dit is een cohort van 413 nieuw gediagnosticeerde IBD
patiënten in het zuidwesten van Nederland. In hoofdstuk 3 bespreken we de ziekte
kenmerken van dit cohort, en vergeleken dit cohort met andere beschreven
cohorten.
In hoofdstuk 4 onderzochten we de frequentie van IBD-gerelateerde complicaties
zoals fistelvorming, abcesvorming, extra-intestinale manifestaties (EIM), chirurgie,
verwijzing naar een academisch centrum en het al dan niet optreden van mucosale
genezing. Deze factoren werden gecorreleerd aan de tijd tot de start van anti-TNFα
therapie in de nieuw gediagnosticeerde IBD patiënten van het Delta cohort. In dit
onderzoek, maakte we gebruik van de hypothese dat het vroeger starten van deze
behandeling zou leiden tot betere ziekte uitkomsten, gebaseerd op het idee dat de
top-down behandeling (het starten van de meest potente medicatie kort na de
diagnose) kan leiden tot een eerdere remissie en dus betere beheersing van
ontsteking. Vijfentachtig patiënten (21%) ontvingen anti-TNFα (66 CD, 16 UC, 3 IBDU)
waarvan 57% (48 ptn) <16 maanden na de diagnose. Patiënten die anti-TNFα vroeg
(<16 maanden) kregen, verschilden niet van patiënten die anti-TNFα laat kregen (>
16 maanden) betreffende geslacht, leeftijd, rookstatus en familiare IBD. Opvallend
was dat er geen verschil werd gezien tussen patiënten die anti-TNFα vroeg kregen
en patiënten die deze behandeling laat kregen, wat betreft IBD-gerelateerde
complicaties en mucosale genezing. Vergelijkbare resultaten werden verkregen
wanneer anti-TNFα behandelde patiënten strenger werden gegroepeerd; <12
maanden (40 ptn) vs. > 24 maanden (24 ptn). De cox-regressieanalyse toonde geen
positieve correlatie tussen anti-TNFα timing en IBD-complicaties. Anti-TNFα
behandelde patiënten die mucosale genezing bereikten, hadden wel een elf keer
kleinere kans op het ontwikkelen van extra-intestinale manifestaties, in vergelijking
met patiënten die geen mucosale genezing bereikten tijdens anti-TNFα behandeling.
Dit onderstreept het belang van het bereiken van mucosale genezing voor IBD. Deze

Nederlandse Samenvatting| 183
studie was niet in staat om een voordeel voor eerdere anti-TNFα behandeling ten
behoeve van het voorkomen van IBD complicaties te bevestigen. Het is mogelijk dat
er sprake is van een subpopulatie van patiënten die kunnen profiteren van vroege
anti-TNFα-behandeling. In dit geval lijkt het echter eerder zo te zijn, dat suboptimale
selectie van patiënten voor therapie geleid heeft tot suboptimale behandeling en als
gevolg daarvan een suboptimale uitkomst.
In hoofdstuk 5 was ons doel om patiënten die kunnen profiteren van een
intensievere behandeling al bij diagnose te identificeren, met als achterliggende
gedachte dat patiënten met een slechte ziekte uitkomst het meest gebaat zijn bij de
top-down behandelstrategie. In eerste instantie werden patiënten ingedeeld in het
al dan niet hebben van invaliderende ziekte, volgens criteria die al eerder
gepubliceerd waren, zijnde:
"Meer
dan twee
kuren steroïden,
steroïdafhankelijkheid, hospitalisatie, invaliderende chronische klachten, nodig
hebben van immunosuppressiva, resectie van de darm, of perianale operatie". Na
deze onderverdeling, bleek 52% van de patiënten in ons cohort geclassificeerd te zijn
als hebbende invaliderende ziekte. De mogelijke over inclusie van patiënten en de
beperkte klinische bruikbaarheid bij diagnose leidde dit tot een situatie waarin deze
definitie van invaliderende ziekte niet meer klinisch toepasbaar werd in ons cohort.
Als gevolg hiervan stelden wij nieuwe criteria op voor het vaststellen van een
ongunstige ziekteverloop bij IBD.
We herdefinieerden een ongewenste ziekte uitkomst als volgt: "Ziekenhuisopname,
IBD-gerelateerde operatie zoals darm resectie, abces of fistel operatie of
laparotomieën met de primaire indicatie van IBD, de ontwikkeling van IBDgerelateerde fistels en/of abcessen, de ontwikkeling van belangrijke extraintestinale manifestaties, gedefinieerd als artritis bevestigd door een reumatoloog ,
ontsteking van het oog, zoals bevestigd door een oogarts, erythema nodosa en/of
pyoderma gangraenosum zoals bevestigd door een dermatoloog of afteuze
stomatitis". Volgens deze criteria, leed 37% van de patiënten in ons cohort aan een
ongunstig ziekteverloop. Bovendien wilden wij parameters bij diagnose
identificeren, die konden voorspellen welke patiënten een dergelijk ongunstige
ziekteverloop zouden ontwikkelen. De factoren bij diagnose die een negatieve
correlatie hadden met een ongewenste ziekte uitkomst, waren: de ziekte van Crohn
(OR 3,0, CI 2,0-4,5), leeftijd <35 jaar (OR 1,7, CI 1,2-2,6), endoscopische ernst van de
ziekte bij diagnose (p = 0,002) en er werd een trend richting histologische ernst van
de ziekte bij de diagnose gezien (p = 0,084). In een cox-regressie-analyse waren
leeftijd <35 jaar en ernstigere endoscopische ziekte bij diagnose multivariaat
geassocieerd met de tijd tot het ontstaan van ongunstige ziekte zoals door ons
geherdefinieerd, in follow-up. Met deze studie hebben wij parameters gevonden die
bij diagnose een ongewenste ziekte uitkomst kunnen voorspellen.
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In hoofdstuk 6 vervolgden wij onze zoektocht naar patiënten die geschikt zijn voor
een bepaalde therapeutische strategie, door het verkennen van verbanden tussen
bekende IBD risico-allelen en de respons op de behandeling in een cohort van 570
patiënten die werden behandeld voor IBD in het ErasmusMC. Van deze 570
patiënten leed 71,2% aan de ziekte van Crohn, 27,3% aan colitis ulcerosa en 1,5%
aan ongeclassificeerde IBD. Wij onderzochten de genetische varianten van negen
IBD-geassocieerde genen. Er werden geen correlaties gevonden tussen de
aanwezigheid van single nucleotide polymorfismen (SNP) in het LRRK / MUC2, CCR6,
IL23R en NCF4 gen en reactie op anti-TNFα behandeling bij de patiënten. In drie
andere genen (IRGM, NOD2 en STAT3), werden correlaties gevonden, maar deze
waren niet sterk genoeg om multiple testing correctie te overleven. Patiënten die
een SNP in het STAT3 gen droegen, ondergingen vaker een operatie en ondergingen
ook meer operaties per patiënt. Deze laatste associatie hield ook stand na multiple
testing correctie en was tevens onafhankelijk van het IBD fenotype en ziekte gedrag
(0,77 vs. 1,26 p = 0,004). Patiënten met een SNP in het ATG16L1 gen ondergingen
eveneens vaker een operatie en vereisten meer operaties per patiënt, hoewel dit
niet significant bleef na multiple testing correctie. Opvallender was dat dragers van
het ATG16L1 risico allel vaker werden behandeld met het anti-TNFα medicijn
adalimumab, zelfs na correctie voor de ziekte fenotype gedrag ziekte en leeftijd (p =
0,004, OR 2.4, CI 1,3-4,4). We kunnen zeggen dat STAT3 en ATG16L1 SNP dragers
lijken te lijden aan een niet eerder geïdentificeerd afwijkend IBD fenotype, waardoor
ze danwel vaker operaties moeten ondergaan, danwel een grotere kans hebben om
met adalimumab behandeld te worden. Genetische polymorfismen in bekende IBDgeassocieerde genen correleren dus met de respons op de behandeling, wat
suggereert dat de genetische status van IBD patiënten, artsen in de toekomst kan
helpen bij het maken van beslissingen ten aanzien van gepersonaliseerde
behandeling strategieën. Nader onderzoek zal de verdere implicaties van deze
bevindingen moeten verduidelijken en het betreffende IBD fenotype moeten
ophelderen.
Tenslotte wordt in hoofdstuk 7 een speciaal cohort van IBD patiënten beschreven,
die zich reeds presenteerden met een invaliderende complicatie, namelijk perianale
fistels. Hoewel tegenwoordig een veelvoud van medische en chirurgische opties
beschikbaar is, blijft de behandeling van perianale fistels een uitdaging. In dit
hoofdstuk bekijken we de effectiviteit van verschillende therapeutische strategieën
op de lange termijn uitkomst van perianale fistel. Patiënten met de ziekte van Crohn
en met perianale fistels die een bezoek brachten aan het Erasmus MC tussen
1980/01/01 en 2000/01/01 werden geïncludeerd. Dit waren in totaal 232 patiënten
De mediane follow-up was 10,0 jaar (range, 0,5-37,5). Complexe fistel waren
aanwezig in 78,0% van de patiënten. Medicamenteuze behandeling (antibiotica,
steroïden, immunosuppressiva en anti-TNF) werd gestart in 79,7% van de patiënten
en 53,2% werd behandeld middels chirurgie (colectomie, fistulectomie, stoma en
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rectum amputatie). Eenvoudige fistels genazen vaker dan complexe fistels (88,2%
versus 64,6%; p <0,001). Rectale betrokkenheid was niet geassocieerd met een lager
remissiepercentage. Verder resulteerde het krijgen van anti-TNFα behandeling niet
vaker in volledige genezing van de fistels, zowel niet in het geval van enkelvoudige
als in het geval van complexe fistels. Dit is opvallend, aangezien deze behandeling
als vrij agressief en duur wordt beschouwd en juist vaak gegeven wordt in een poging
deze fistels te genezen.
Aanvankelijk genazen fistels 26,7% van de eenvoudige fistels en 41,9% van de
complexe fistels (p = 0,051). Echter, slechts 37,0% van de complexe fistels waren in
remissie aan het eind van follow-up tegenover 66,7% van de simpele fistels (p
<0,001). Deze studie laat ons zien dat een minderheid van complexe perianale fistels
in remissie waren na conventionele behandelstrategieën na een mediane follow-up
van 10 jaar. Eenvoudige fistels hadden meer kans om te genezen dan complexe
fistels en minder van deze genezen fistels speelden later opnieuw op. Echter, meer
dan driekwart van de patiënten hadden complexe perianale fistels.
Concluderend, hebben we uit het verleden geleerd dat de vertaling van het
laboratorium naar de patiënt niet altijd haalbaar is en dat de meeste behandelingen
nooit op de markt komen als gevolg van slechte werkzaamheid. Vanuit het heden
hebben we geleerd dat de incidentie van IBD in Nederland lijkt te stijgen. Bovendien
lijkt de effectiviteit van anti-TNFα middelen ondanks hun veelbelovende karakter,
ons enigszins teleur te stellen, wanneer het gaat om het voorkomen van extraintestinale manifestatie, IBD gerelateerde complicaties en het in langdurige remissie
brengen van perianale fistels. In de toekomst moet IBD behandeling bij diagnose
worden afgestemd op histologische en endoscopische ernst van de ziekte.
Bovendien zal genetica een grotere rol gaan spelen in de behandeling van IBD, met
name om tot op heden nog onbekende fenotypen te behandelen.
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