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Abstract

Background: Crohn's disease (CD) is a chronic relapsing inflammatory condition of the
gastrointestinal tract. It is of public health relevance because of a high morbidity as well as
psychosocial burden and the patients’ need for a life-long intermittent medical treatment. New
treatment options include biologicals (e.g. infliximab), which have a significant impact on CD
management.

Aim: The aim of this study was to describe the types and proportions of medications dispensed
to persons with CD as well as treatment patterns of CD patients receiving biologicals in order to
reflect their drug treatment situation. Further, this study aimed to describe the rate of
complications and the extent of CD-related health care utilization of CD patients receiving
different treatment intensities.

Methods: Administrative claims data of two statutory health insurances with approximately
500.000 insurees were used to analyze the drugs dispensed to CD patients in annual cross-
sectional designs (2004-2007). For 2007, the proportion of persons with complications and their
health care utilization were assessed descriptively among CD patients receiving different
treatment intensities. The description of treatment patterns of incident inflixiimab users was
based on a longitudinal user cohort (2006-2007).

Results: In 2007, 855 CD patients were identified. Of these, 528 (61.8 %) had any dispensation
of CD drugs in this year (total: 3.791 dispensations). Aminosalicylic acids accounted for 32.0 %
of these dispensations, followed by immunosuppressants (28.4 %), systemic corticosteroids
(20.5 %), budesonide (13.9 %), topical medication (3.1 %) and biologicals (2.1 %). Overall,
39.3 % of the 855 CD patients received aminosalicylic acids at least once in 2007, 26.7 % had
at least one dispensation of systemic corticosteroids, 19.3 % of immunosuppressants, 15.4 %
of budesonide, 4.6 % of topical medication and 1.9 % of biologicals. Among CD patients with
immunosuppressants or biologicals as the most potent drugs in 2007, a higher proportion had
fistulas and operations compared to patients with less potent drugs. The CD-related health care
utilization (hospitalizations, duration of hospital stays, ambulatory physician contacts) was also
higher. Seven CD patients started infliximab in 2006 or 2007. The majority (5) had received
other CD drugs in the 365 days before onset of infliximab therapy. Infliximab was applied as
monotherapy in one person, in combination with azathioprine in four patients. Mesalazine
enemas as well as prednisolone were also concomitantly used. The time intervals between
consecutive applications showed a wide range and no clear infliximab application scheme was
found.

Conclusion: Aminosalicylic acids, systemic corticosteroids and immunosuppressants were
important components in CD treatment, whereas biologicals were rarely dispensed. Patients
with biologicals or immunosuppressants had more complications and showed a higher rate of
health care utilization. Infliximab was mostly dispensed following the step-up approach and
seemed to be applied on-demand.



1. Introduction

Crohn’s disease (CD) is one of the major forms of inflammatory bowel diseases (IBD). It is
characterized as a relapsing, transmural inflammatory condition, which can
(discontinuously) affect any part of the intestine (1-3). On the contrary, ulcerative colitis
(UC), another form of IBD, usually involves only the colonic mucosa (4). In approximately
ten percent of IBD patients, the distinction between CD and UC based on standard clinical
tests is not possible, which lead to the classification of a third form of IBD. According to the
Montreal classification of CD this disease is named “inflammatory bowel disease, type
unclassified”, whereas the term “indeterminate colitis (IC)”! is used in the International
Classification of Disease (ICD) (5-7).

During the last 50 to 60 years, the number of persons affected by IBD in general and by CD
in particular increased significantly and CD accounts as the most common form of IBD in
developed countries (8). In Europe, CD occurs more frequently in persons from northern

regions and from countries with a higher gross domestic product (9).

This disease mainly affects persons in their working age and it is associated with a high
psychosocial burden (10). For CD, a life-long intermittent medical treatment is required
since there is no cure so far (11,12). The disease is of major public health relevance
because of the increasing number of persons affected, the substantial individual burden as
well as the need for medical services. From a health economic point of view, CD leads to
considerable indirect costs due to work impairment and early retirement. Moreover, CD
treatment such as physician consultations, medications, hospitalizations as well as
operations cause significant direct costs to the health care system (9,13).

For CD, a wide range of medications is available to suppress the inflammation and to
alleviate the disease’s symptoms (13,14).

The introduction of biologicals namely anti-TNF-alpha-blockers into the treatment of CD had
a significant impact on the management of the disease because these medications alter
specific processes central to the inflammatory activity (12,15). Biologicals are medications,
which are produced by living organisms using genetic or biological technology (16).
Infliximab, a human-murine monoclonal antibody, was the first biological agent directed

against TNF-alpha, which was introduced into CD therapy in 2001 and it is the main focus

11n this thesis, IC will be used for this form, which is in line with the ICD-coding system.

According to the Montreal classification, however, “the term ‘“indeterminate colitis” should be
resened only for those cases where colectomy has been performed and pathologists are unable to
make a definitive diagnosis of either Crohn’s disease or ulcerative colitis after full examination.” (5)
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of this thesis (17). The second was adalimumab, a fully human, recombinant monoclonal
antibody that was approved for CD in 2007 (18).

Most data about the actual medical care situation of patients with CD in Germany result
from (cross-sectional) studies conducted in specialized gastroenterological practices.
However, it is assumed that patients with mild disease rather seek medical care at their

general practitioner and are not found in this setting (10).

On the contrary, statutory health insurance’s (SHI) administrative claims data cover the
whole outpatient provision of medical care by all panel doctors including specialists and
general practitioners (19). Additionally, data about operations and procedures are available
for the inpatient and for the outpatient care as well as data about medications. Moreover,
SHI administrative claims data are available for the majority of the population (more than
85 percent of the German population) with limited risk of selection (20,21).

Therefore, administrative claims data are used in this thesis, which aims to describe the
types and proportions of medications dispensed to persons with CD. Another aim is the
description of the rate of complications and the extent of CD-related health care utilization
among CD patients receiving different treatment intensities. Further, treatment patterns of
CD patients receiving biologicals (infliximab) are analyzed in order to reflect their current
drug treatment situation. Its results will provide important information in terms of the actual
drug treatment situation of CD patients. This thesis may serve as a basis for further studies
in health services research.

In the first part, the types and proportions of drugs applied in CD treatment are assessed in
annual cross-sectional analyses. The same study design is used for the description of the
rate of complications and the health care utilization among CD patients with different
treatment intensities. The treatment patterns of CD patients receiving the biological agent

infliximab are investigated in a longitudinal user cohort design.



2. Theoretical background
2.1 Crohn’s disease

The etiology of CD is assumed to be multi-factorial including genetic and environmental
aspects, but also behavioral risk factors like tobacco smoking (8,9,22).

Symptoms of CD are heterogeneous depending on its localization, extent and severity and
can include, for example, chronic or recurring diarrhea, abdominal pain, weight loss and
fever. The disease has a variable disease course and may be clinically active with various
symptom-free periods in between (remission) (1,23).

CD is classified according to the Montreal classification, which considers the age at
diagnosis, the location and the disease behavior (table 1).

Table 1: Montreal classification for CD

Age at diagnosis Al below 16 y
A2 between 17 and 40y
A3 above 40y

Location L1 ileal
L2 colonic
L3 ileocolonic

L4 isolated upper disease

Behaviour B1 non-stricturing, non-penetrating
B2 stricturing
B3 penetrating

P perianal disease modifier

Table adapted from Satsangi et al. 2006

CD is a chronic relapsing disease, which potentially affects any part of the intestine, but in
most patients, the disease localization remains constant over time. Most commonly, it
affects the ileum and/or the colon, whereas the upper part of the intestine is less often
involved (23). Figure 1 illustrates parts of the gastrointestinal tract and the estimated
percentage of patients with CD involvement in the marked area.
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Figure 1: CD localization

upper gastrointestinal
tract 5-8 % of

patients

ileum only 25-40 %

of patients colon only 15-35 % of

patients

ileum and colon
40-55 % of patients

rectum and anus
30-40 % of patients

Figure adapted from Grof3 a. Dignass (n.y.), Reinshagen 2009

Complications, which are believed to result from persisting inflammation, comprise fistulas
in more than one third of the patients and can include abscess formations as well as
stenoses and small bowel obstruction (2,4,24-26).

CD may also be accompanied by extraintestinal manifestations, mainly skin lesions, eye
and joint diseases. Further, CD is associated with primary sclerosing cholangitis,
adenocarcinoma and lymphoma, although these are less frequent than in UC (27). The
disease also causes significant morbidity in terms of psychosocial impairments including

depressive symptoms (10).

There is no diagnostic procedure, which serves as “gold standard” for CD. Thus, it is
diagnosed based on the patient’s history and the clinical signs as well as a range of
sonographical, endoscopic, radiological, histological and biochemical examinations. The
correct identification of CD and the differentiation from other disorders with similar
symptomatology is a complex process because CD shows very heterogeneous
manifestations (13,28).

For clinical studies, validated indices assessing the disease activity are essential (23,29).
Indices like the “Crohn’s Disease Activity Index” (CDAI) or the “Harvey Bradshaw Index”
(HBI) are frequently used for categorization, which commonly involves mild, moderate and
severe disease (table 2) (13,15).
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Table 2: Grading of CD disease activity

Mild Moderate Severe

Equivalent to a CDAI of 150- Equivalent to a CDAI of 220- | Equivalent to a CDAI of > 450
220 e.g. ambulatory, eating 450 e.g. intermittent vomiting, e.g. Cachexia (BMI < 18 kg

and drinking, < 10 % weight or weight loss > 10 %. m-2) or evidence of obstruction
loss. Treatment for mild disease or abscess. Persistent
No features of obstruction, ineffective, or tender mass. symptoms despite intensive
fever, dehydration, abdominal No owert obstruction. treatment.

mass, or tenderness.

Table taken from Van Assche et al. 2010

Remission, which means non-active or quiescent disease, is classified as a CDAI below 150
and achieving this is one of the aims in CD treatment (see below) (30).

A validated endoscopic index, in contrast to the non-endoscopic indices CDAI and HBI, is
the Crohn’s disease Endoscopic Index of Severity (CDEIS). More severe inflammatory parts
of the intestine are rated with a higher number of points with 44 as the most severe
inflammation (29).

Physician-based databases such as the General Practice Research Database in Great
Britain contain the patients’ digital medical files and provide essential information such as
clinical parameters for the above-described indices (19). In contrast, neither the essential
information for the calculation of the indices (e.g. symptoms) nor the indices itself are
available in administrative claims data.

2.2 Epidemiology and costs of Crohn’s disease

It is difficult to assess epidemiological data for CD because it is a relatively rare disease
with a variety of symptoms and an often unspecific onset. Several studies in areas across
Germany showed an incidence of 4 to 6 per 100.000 persons per year (9,31). The
prevalence is assumed to be about 38 per 100.000 persons (28). However, considering this
incidence and an average life expectancy, the prevalence is likely to be much higher and
better estimated as 0.2 percent (9). This was also confirmed by a recent study assessing
the CD prevalence based on administrative claims data. For 2009, the standardized CD
prevalence by sex and age was 229 cases per 100.000 insurees. For women, the
prevalence was higher (252/100.000 insurees) than for men (206/100.000 insurees) (32).

Most commonly, CD is first diagnosed in young adolescents, but it may affect people at all
ages (9,13). According to a review (33), patients with CD had a slightly, but significantly
higher mortality than the general population. The mortality was similar when deaths related
to severe CD and its complications were excluded. CD complications included
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postoperative  complications, intraabdominal abscess, bowel perforation and

gastrointestinal hemorrhage (33).

In Germany, a cross-sectional study in 24 specialized gastroenterological practices and two
outpatient clinics showed that in total SHI spent 3767.3 € on average per CD patient and
year. These costs ranged from 3089.9 € (remission) to 5348.2 € (active disease).

The costs for inpatient treatments were the second largest part in the direct costs (773.8 €
per year). The main part, however, were medications which cost 2582.1 € on average per
CD patient and year. The major proportion (57.8 %) of these costs was caused by biological
TNF-alpha-blockers, followed by orally administered aminosalicylic acids (14.6 %),
immunosuppressants (12.3 %) and orally administered budesonide (11.4 %) (34).

Apart from their clinical benefit, the rising application of biologicals is assumed to increase
the direct medication costs of CD (10,13). However, infliximab therapy is associated with a
significant reduction in hospitalizations, hospitalization days as well as inpatient procedures
and surgeries, for example in patients with fistulizing CD (35). A Canadian study on health
care use and costs for CD before and after infliximab therapy showed a significant reduction
in resource use and costs, but an increase in total direct costs. This was caused by the
costs for infliximab therapy. In countries with a higher cost structure for inpatient and

outpatient treatment, however, infliximab may be cost-saving (36).

In an economic evaluation from the societal perspective, also the indirect costs of a disease
are considered. CD may have a significant effect on the patients' ability to work and indirect
costs arise for example from above average sick leave due to active disease, higher
unemployment and the necessity for disability pension (37,38). It is estimated that these

indirect costs of CD amount to approximately two billion Euro per year in Germany (13).

2.3 Treatment of Crohn’s disease

Treatment of CD involves various drug treatment strategies as well as different surgical
options.

The goals in CD therapy are, first of all, to induce and maintain steroid-free remission. This
means reducing the inflammatory activity and symptoms of the disease, which is also
associated with a substantially improved quality of life. Furthermore, the development of
fistulas and stenoses is supposed to be prevented. Therapy of CD strives for reducing the
need for surgery and hospitalizations and for sustaining the function of the intestine. Another
important aim is to achieve mucosal healing and an acceptable balance between efficacy
and safety of the therapy. Treatment of CD also aims to prevent disease-related
mortality (13,15,39,40).
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The therapeutic approach, which should be chosen in cooperation with the patient, depends
on diverse aspects: the disease activity, the disease course, the affected regions of the
intestine, extraintestinal manifestations, the patients’ response to previous treatment as well
as potential side effects of medications (13,41). There is also a group of patients with mild
disease, for whom it is an option not to start active treatment. A systematic review of clinical
trials showed that a considerable proportion of patients (18 %, 95 % CI 14-24 %) achieved
remission under placebo (42). CD, however, is a chronic remitting disease with variable

phases of activity, due to that these numbers must be reflected critically.

2.3.1 Drugtreatmentstrategies

The current German guideline for CD drug treatment is based on the so-called “step-up-
approach”. In this approach, the therapy is intensified in case of more severe disease and
in case of non-response to the treatment. The first step is the application of aminosalicylic
acids followed by budesonide, systemic glucocorticoids, immunosuppressants and
biologicals (43).

It is discussed whether biological anti-TNF-alpha antibodies may be able to alter the course
and natural history of CD. The evidence suggests that patients benefit most from biological
therapy early in the disease course, in the so-called “window of opportunity” (44). Therefore,
some authors argue that biological anti-TNF-alpha antibodies may be applied earlier in CD
treatment, before complications such as fibrostenosis or penetrating disease have
developed (“top-down approach”) (12,44-46). In this treatment approach, biologicals and
immunosuppressants are used as first-line therapy and applied directly after diagnosis
(figure 2) (43).

Figure 2: “step up-" and “top down-approach” in moderate to severe CD

Top-down'’ “ Moderate/severe CD ‘Step-up’
‘ Biologics » [ -
i + immunomodulator St§r0|ds

' Loss of efficacy “ Steroid-refractory ‘Steroid-dependent “ Steroid responder

Vet N e R ol Biologics
l Switch in biologics X o + Immunomodulator Immunomodulator?
+ immunomodulator

L

Failure

Figure taken from Nielsen et al. 2012
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Another option within a general “step-up approach” is to identify patients with a high risk for
a complicated disease course and to start an early treatment with anti-TNF-alpha blockers.
There are data suggesting that high-risk patients may benefit from this initial treatment. The
problem is, so far, to certainly identify these CD patients (45-47). The onset of disease
before the age of 40, perianal lesions at time of diagnosis, the need for steroids in first
relapse, several affected areas of the gastrointestinal tract and deep colon ulcers at time of

diagnosis are discussed as risk factors for a potentially complicated disease course (48).

In a general “top-down-approach”, all patients are exposed to potent, but more toxic drugs
and their related risks and costs (49). This would cause an overtreatment in 30 to 50 percent
of the patients because they will not suffer from disabling disease within five years after
diagnosis (50). In patients with mild disease, a “step-up-approach” could avoid these
problems by starting baseline therapy and intensifying it in case of non-response (49). It is
argued that a “step-up-approach” does not lead to disadvantages for CD patients with more
severe disease if the treatment is rapidly intensified in case of non-response (51).
Therefore, a recently published review (46) concludes, that there is currently not enough
evidence for a general application of a “top-down-approach” in clinical practice.

In CD treatment, it is distinguished between approaches to induce and approaches to
maintain remission, although the transition from induction to maintenance treatment should
be continuous for the patient (42). Another important aspect of CD treatment is the

management of complications.

In general, CD therapy includes the following groups of medications, which are available in
various formulations and can be used as monotherapy or in combination in different
treatment approaches: aminosalicylic acids, systemic corticosteroids, budesonide,

immunosuppressants and biological anti-TNF-alpha agents (13,52).

CD treatment is very complex and the treatment approaches as well as the application of
individual drugs are controversial, partially because of inconsistent evidence about their
efficacy and safety profile. For the reflection of the current drug treatment situation,

information about the different drugs are essential, which are provided below.

2.3.1.1 Aminosalicylic acids

Active agents like mesalazine, sulfasalazine, olsalazine and balsalazide are classified as
aminosalicylic acid and similar agents according to the WIdO ATC classification (53).

Aminosalicylic acids show a variety of anti-inflammatory and immunomodulatory effects,
which are assumed to topically take action at the inflammation of the gastrointestinal
mucosa rather than acting systemically (54-56). Therefore, aminosalicylic acids are a more

15



important component in the treatment of UC than in the treatment of CD, which extends

beyond the mucosa.

Different formulations are available to deliver the drug to its point of action, the colonic
mucosa. Oral formulations like tablets and micropellets can release the active drug pH-
dependently as well as time-dependently (54,55). Additionally, aminosalicylic acids can be
applied topically to the rectum using suppositories and enemas, which can be aerosols,

liquids or gels (54).

Indication and dose

According to the German guideline, there is no general indication for the application of
aminosalicylic acids in CD treatment. However, there is a high consensus among the
experts to apply these drugs topically despite a lack of studies providing evidence
concerning their efficacy (13).

Sulfasalazine is recommended at 3 to 6 g orally per day for the treatment of patients with a
mild to moderate inflammation in the large intestine (Crohn’s Colitis). Mesalazine may be

used at 4 g orally per day in mild CD at ileocecal region (13).

Induction treatment

A pooled analysis of two studies including 263 patients with mildly to moderately active CD
showed that sulfasalazine at 3 to 6 g per day was slightly more effective in inducing
remission than placebo (RR 1.38; 95 % CI11.02 to 1.87, P=0.04). This moderate effect was
only reached in patients with Crohn’s colitis.

In the comparison of sulfasalazine and systemic corticosteroids with 260 patients,
sulfasalazine was found to be noticeably inferior for inducing remission (RR 0.66; 95 % CI
0.53 t0 0.81, P<0.01) (55).

Mesalazine is usually applied orally three times a day with a total daily dose of 1.5 to
4 g (57). In 615 patients, controlled-released mesalazine at 4 g per day resulted in a
statistically significant mean difference in CDAI of -17.5 (95 % CI -35 to -0.1, P=0.05).
However, this mean reduction of CDAI is of questionable clinical relevance (55). In a trial
with 182 patients, mesalazine was compared to budesonide and was less effective in
inducing remission (RR 0.56; 95 % CI 0.40 to 0.78; P<0.01) (55).

Maintenance treatment

The efficacy of mesalazine for maintaining remission remains controversial because of
inconsistent results from meta-analyses. For sulfasalazine and olsalazine, there is no
evidence for their suitability for maintenance treatment. Hence, in general, aminosalicylic
acids are not recommended for maintaining remissionin CD (42).
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Safety

The use of sulfasalazine is associated with side effects like allergic reactions, but also high
rates of intolerance (up to 20 %) to the sulfapyridine partin the drug (54). Nausea, skin rash,
headache and asthma are associated with sulfasalazine. Mesalazine has a different safety
profile since it lacks the sulfapyridine component, but nausea, tiredness, abdominal pain
and allergic reactions may also occur (57). The drug has extensive side effects and rarely,
these also involve the kidneys (e.g. renal insufficiency) as well as the liver (e.g.
hepatitis) (58).

Despite this modest benefit of aminosalicylic acids over placebo, mesalazine considerably

contributed to the drug treatment costs before biologicals were introduced (59).
2.3.1.2 Systemic corticosteroids

Corticosteroids are a mainstay in the treatment of CD (60). The most commonly used

systemic corticosteroids are prednisolone, prednisone and methylprednisolone (57).

Indication and dose

Systemic corticosteroids are recommended for Crohn’s colitis as well as for moderate to
severe inflammation in the ileocecal region, the small intestine or in the stomach. Explicitly,
these drugs are not recommended for maintenance treatment due to ineffectiveness and

an unfavorable safety profile (see below) (13,42).

Prednisone, prednisolone and methylprednisolone can be applied in a wide range of doses,
which vary between less than 5 mg and more than 100 mg equivalent to prednisolone per
day. Usually, in IBD these corticosteroids are administered orally in IBD (57). The initial

dose of systemically acting corticosteroids is recommended at 1 mg per kg daily (61).

Betamethasone as well as hydrocortisone can be applied as topical therapy in patients with
an affected large intestine. The dose of rectal foams is 5 mg bethametasone once per day
or 1 mg hydrocortisone once to twice daily (57).

Induction treatment

The efficacy of systemic corticosteroids for inducing remission in CD has been
demonstrated in several studies.

A randomized-controlled double-blind trial published in 1994 (62), for example, examined
the efficacy and safety of prednisolone and budesonide. One group comprised of 88
patients with active ileal and ileocecal CD, who received 40 mg prednisolone per day for
two weeks, then 30 mg daily and 25 mg for two weeks, respectively. Afterwards, the daily
dose was reduced by 5 mg weekly for the remaining four weeks. At two weeks, 56 percent

of the prednisolone group were in clinical remission defined as CDAI < 150. After four
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weeks, 67 percent of patients were in remission, 65 percent after eight weeks and 66
percent at ten weeks. The mean CDAI decreased from 279 to 136 during the ten-week
treatment. In this study, budesonide was nearly as effective, but showed fewer side effects
(see below) (62).

Maintenance treatment

The ability of systemic corticosteroids to maintain remission was assessed in another study
with 109 CD patients, who were prospectively followed in Copenhagen from 1979 to
1987 (63). These patients received prednisolone as initial treatment at 1 mg per kg, which
was reduced within weeks to 10 to 15 mg as maintenance therapy. This treatment was
applied for 3.5 months. After 30 days of treatment, 48 percent of patients were in clinical
remission and 32 percent reached partial remission defined as declining clinical symptoms,
< 2 bowel movements per day, no blood, pus or mucus in faeces, no abdominal pain, fever,
weight loss, and extraintestinal manifestations. However, 20 percent did not show a
response to treatment (steroid-resistant disease).

The remission rate was also assessed 30 days after steroid therapy was stopped. Nearly
half of the persons in remission experienced a relapse. Among the patients with improved
disease activity, 43 percent also had a relapse.

In summary, apart from the 20 percent of steroid-resistance, 44 percent had a prolonged
response and 36 percent remained steroid-dependent (63). This means, that patients could
not taper the drug below 10 mg equivalent to prednisolone per day within three months of
starting steroids without having symptoms. Steroid-dependence also includes that patients

experience a relapse within three months after they have withdrawn steroids (23,63,64).

Safety

Treatment with corticosteroids is associated with significant adverse events, which may
occur even at low doses of 2.5 to 5 mg per day. These adverse events can involve any part
of the body and may be irreversible (e.g. cataract or skin striae). Systemic corticosteroids
may affect the musculoskeletal system (e.g. bone loss and osteoporosis), the metabolism
(i.e. hypertension, diabetes), the central nervous system (i.e. emotional disturbances), the
eyes (i.e. glaucoma) and the skin (i.e. acne). This treatment also increases the risk for
infections and may lead to moon face, nausea, vomiting and heartburn as well as hair
loss (60). These symptoms are summarized as Cushing’s syndrome, which occurs when
exceeding the Cushing threshold. This varies individually, but is generally at or above
7.5 mg equivalent to prednisolone per day (65).

Therefore, the duration of corticosteroid therapy is supposed to be kept as shortas possible.

It is necessary to withdraw the drug gradually, especially after a longer exposition to
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corticosteroids, because a sudden end of treatment may lead to serious clinical

consequences of adrenal insufficiency (60).

2.3.1.3 Budesonide

Budesonide is a glucocorticoid, which shows anti-inflammatory properties, but a limited
systemic bioavailability because it is extensively metabolized in the liver (hepatic first-pass
effect (14,66).

Indication and dose

According to the German guideline, budesonide is recommended for the treatment of mild
to moderate inflammatory CD in the ileocecal region (13). The drug is administered orally
and designed to have an effect in the terminal ileum and the ascending colon (14). Most
commonly, it is applied three times a day at a dose of 3 mg (57,61). Another form of
application are enemas, which contain 1 mg budesonide and are applied once daily (57).

Induction treatment

Budesonide was shown to be significantly more effective in inducing remission in CD
patients than placebo in two randomized controlled trials included in a review (14). At the
time points two, four and eight weeks, the pooled relative risk for remission (CDAI < 150)
was 2.97 (95 % ClI, 1.67 to 5.29), 1.67 (95 % ClI, 1.12 to 2.47) and 1.96 (95 % ClI, 1.19 to
3.23) in favor of budesonide, respectively (14).

However, the comparison of budesonide with conventional corticosteroids based on eight
randomized controlled trials with 750 patients demonstrated that budesonide was inferior in
inducing remission at eight weeks (relative risk of 0.85, CI95 % 0.75 to 0.97).

In patients with severe CD (CDAI = 300) the pooled relative risk to induce remission in two
randomized controlled trials, including 145 participants, was 0.52 (95 % CI, 0.28 to 0.95) in
favor for conventional steroids, underlining the inferiority of budesonide to conventional
corticosteroids (14).

Maintenance treatment

A review (66) on the ability of oral budesonide to maintain remissionin CD (CDAI<150)
showed a pooled relative risk of remission with 6 mg budesonide per day compared to
placebo of 1.25 (95 % CI 1.00 to 1.58; P=0.05) at three months. At six months, the relative
risk was 1.15 (95 % CI1 0.95 to 1.39; P=0.14) and 1.13 (95 % CI 0.94 to 1.35; P=0.19) at
twelve months. Similarly, budesonide at 3 mg per day was more effective in maintaining
remission than placebo when remission state was assessed at three months (RR 1.31;

95 % CI 1.03 to 1.67; P=0.03). At six months, however, budesonide was not more effective
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than placebo (RR 1.10; 95 % CI 0.81 to 1.50; P=0.53). The same was observed at twelve
months (RR 1.04; 95 % C10.84 to 1.30; P=0.70) (66).

Safety

There were no differences in adverse events between CD patients treated with budesonide
and patients receiving placebo in two trials (RR 0.99, 95 % CI, 0.78 to 1.25, P=0.92).
However, six trials with 709 patients in total showed significantly fewer corticosteroid-related
adverse events in patients treated with budesonide than in patients using conventional
corticosteroids (RR 0.64, 95 % CI 0.54 to 0.76) (14).

In general, despite their ability to induce remission in CD, it is assumed that systemic
corticosteroids and budesonide are not able to improve mucosal lesions or to prevent
recurrence of inflammation. Further, these medications are ineffective for maintaining
remission (47,60). However, a long-term maintenance therapy is often needed, which can
involve immunosuppressants, but also biologicals (see below) as steroid-sparing
agents (47,67).

2.3.1.4 Immunosuppressants

Immunosuppressants are characterized as medications, which suppress one or more
mechanisms of the immunosystem either completely, or partly (68).

Azathioprine/6-mercaptopurine

Most commonly, immunosuppressive therapy in patients with CD involves thiopurines like
azathioprine, which is the prodrug of 6-mercaptopurine. Both drugs are purine
analogues (61). 6-mercaptopurine, however, is generally unlicensed for the treatment of
CD (42).

The drugs target nucleic acid synthesis and hinder the rapid cell proliferation that
exacerbates most inflammatory processes (69). Alternatively, methotrexate, a classical

immunosuppressant, can be used (see below) (61).

Indication and dose

In the German guideline, immunosuppressants (azathioprine/6-mercaptopurine and
methotrexate in case of intolerance) are recommended for the treatment of severe
inflammation in the ileocecal region, if an adequate treatment result could not be achieved
with corticosteroids. For moderate to severe inflammation in the small intestine, an early
application of immunosuppressants is indicated (13).

In general, immunosuppressants are effective steroid-sparing agents for maintaining

remission (42). In an acute relapse during a rather stable remission under
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immunosuppressants, steroids can be additionally used in short-term (61). The duration of
maintenance treatment with immunosuppressants is supposed to be at least four years of
remission without concomitant steroid use (13).

The recommended dose of azathioprine is 2.0 to 2.5 mg per kg orally and 6-mercaptopurine

orally at 1.0 to 1.5 mg per kg. Lower doses are considered insufficient (61).

Induction treatment

The efficacy of azathioprine and 6-mercaptopurine for induction of remission in active CD
was examined in a recently published review (70). This review included thirteen randomized
placebo-controlled or active comparator trials with 1211 patients in total, published from
1971 to 2010. In five studies with 380 patients, there was no benefit of azathioprine or 6-
mercaptopurine when compared to placebo for achieving clinical remission defined as
CDAI < 150 or HBI < 3 points (RR 1.23, 95 % CI 0.97 to 1.55).

Four additional studies used different endpoints like subjective improvement or non-
validated outcomes. These studies were included in a pooled analysis which also showed
no difference between azathioprine or 6-mercaptopurine and placebo, when the endpoint
was clinical remission or improvement (434 patients, RR 1.26, 95 % CI 0.98 to 1.62).
However, the underlying data for these conclusions were considered moderate to

sparse (70).

It is assumed that treatment with immunosuppressants requires some time before the goal
of remission can be achieved. When remission rates were assessed at 17 weeks or later,
these were significantly higher in the azathioprine or 6-mercaptopurine group than in
patients receiving placebo (RR 1.59, 95 % CI 1.05 to 2.41).

The right time for applying immunosuppressants in CD treatment is a topic of discussion
and these medications play an important role in the “top-down-approach”. From 2001 to
2004, a randomized trial at 18 centers in Germany, Belgium and the Netherlands
demonstrated the benefit of an early application of immunosuppressants. This trial showed
that patients with newly diagnosed CD (less than four months) without previous exposure
to corticosteroids, immunosuppressants or biologicals reached remission more quickly
under a combined immunosuppression therapy (intermittently infliximab and azathioprine
or methotrexate) than patients treated conventionally with corticosteroids (71).

Maintenance treatment

The ability of 6-mercaptopurine and azathioprine to maintain remission in patients with
quiescent CD was also investigated in a review (69). This included eight randomized,
controlled and double-blind trials with 208 patients receiving azathioprine, 47 with 6-

mercaptopurine and 266 patients on placebo. For azathioprine, the overall remission rate
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was 71 percent (95 % CI 64 % to 77 %), for 6-mercaptopurine, it was 51 percent (95 % CI
36 % to 66 %) and for placebo, 55 percent (95 % CI 49 % to 61 %) (69).

The steroid-sparing effect of azathioprine and 6-mercaptopurine in maintaining remission
was examined in two very small studies published in 1971 and 1975. In these studies,
87 percent of patients receiving azathioprine as maintenance treatment could reduce or
stop steroids (95 % CI1 60 % to 98 %), but only 53 percent of patients from the placebo group
(95 % CI 27 % to 79 %) (69). However, these confidence intervals are largely overlapping

and show a wide range.

Safety

The profile of side effects is similar between azathioprine and 6-mercaptopurine (72,73).
Azathioprine is associated with adverse events that occur in approximately 15 percent of all
patients receiving this drug. Side effects may involve disturbances in the immunosystem,
the blood, the lymphatic system as well as in the gastrointestinal tract. Further, benign and
malign tumors are of concern (72). Nausea, vomiting and abdominal pain were the most
common adverse events in the azathioprine group (161 patients) of a randomized controlled
trial. Nine cases of serious infections, one sepsis and two colon carcinoma also
occurred (74).

For 6-mercaptopurine, a study of 396 IBD patients and approximately 1800 patient-years of
follow-up published in 1989 reported infections in 7.4 percent of patients and pancreatitis in
3.3 percent. During treatment with 6-mercaptopurine neoplasm occurred in 3.1 percent,
bone marrow suppression and allergy in 2.0 percent and drug-induced hepatitis in
0.3 percent of the patients. In a different study with 78 patients, published in 1991, an
incidence of adverse events of ten percent was reported, which were considered as
sufficiently severe to withdraw the medication (70).

The safety profile of azathioprine and 6-mercaptopurine was compared to the one of
methotrexate: Patients using methotrexate were significantly more likely to experience an
adverse event than patients taking azathioprine or 6-mercaptopurine as a pooled analysis
of two studies showed (85 patients, RR 0.42, 95 % CI 0.21 to 0.82) (70).

Methotrexate

Methotrexate is a dihydrofolate reductase inhibitor that accounts as alternative treatment
option to azathioprine and 6-mercaptopurine (67,75).

Indication and dose

According to the German guidelines, methotrexate is recommended if there is intolerance
to azathioprine/6-mercaptopurine (see above). Methotrexate is administered parenterally,
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which can be intramuscular, intravenous or subcutaneous (57). For induction of remission,
a dose of 25 mg per week for a duration of approximately 16 weeks is recommended,
whereas for maintaining remission, methotrexate is usually applied at 15 mg per
week (57,61).

Induction treatment

A review (75) that comprised seven randomized controlled trials assessed the efficacy for
induction therapy in CD. However, only one of these trials was sufficiently large enough to
show the ability of intramuscularly administered methotrexate (25 mg per week) to induce
remission without concomitant steroid use. This study was a randomized double-blind
placebo-controlled trial with 141 chronically steroid-dependent CD patients published in
1995. After 16 weeks, 39.4 percent of patients on methotrexate were in remission defined
as discontinuation of prednisone and CDAI score of < 150, but only 19.1 percent of patients
receiving placebo (P=0.025). Overall, the mean CDAI score was significantly lower in the
methotrexate group (P=0.002) after 16 weeks. Further, this group also needed less
prednisone than the placebo-treated group (P=0.026). For induction of remission, there was
no benefit for lower doses of methotrexate (less than 25 mg per week) and oral
administration compared to placebo or azathioprine/6-mercaptopurine in two studies. These
trials only included small numbers of patients and could not show a difference between

treatment groups, which may be due to insufficient statistical power (75).

Maintenance treatment

The efficacy of methotrexate as maintenance therapy was also investigated in a review (67),
which included three randomized controlled trials. The pooled analysis of two trials showed
that after 36 to 40 weeks, methotrexate was significantly more effective in maintaining
remission than placebo (OR 3.11, 95 % CI 1.31 to 7.41; P=0.01).

Safety

Methotrexate is associated with adverse events related to the gastrointestinal tract including
nausea and anorexia, stomatitis and less often, diarrhea. Serious adverse events include
bone marrow suppression and also, but rarely, hypersensitivity pneumonitis and
opportunistic infections. Further, the occurrence of hepatotoxicity as well as liver fibrosis
and cirrhosis is of major concern (76).

In a randomized double-blind placebo-controlled trial with 141 steroid-dependent CD
patients, adverse events occurred at similar rates in the methotrexate and the placebo
group (45 % vs. 42 %). The number of study withdrawal due to adverse events like nausea,
vomiting and asymptomatic elevation of liver enzymes, however, was significantly higher in
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patients on methotrexate (16 patients, 17 percent) than in patients receiving placebo
(1 patient, 2 percent) (P=0.012). In this study, no serious adverse events occurred (75).

In most cases, minor side effects of methotrexate are successfully treated with concomitant
folic acids (67,75)

In contrast to azathioprine, the benefit of combination therapy of methotrexate and infliximab

or other biologicals still remains unclear (75).

2.3.1.5 Biologicals

In general, three different anti-TNF-alpha blockers are available for CD treatment, which
are certolizumab pegol, infliximab and adalimumab. However, only the latter two have been
approved in Germany. According to the German guidelines, these drugs currently serve as
second-line medications in patients, who failed to respond to conventional nonbiologic
therapy (see above) (13). Failure in drug therapy is characterized by primary non-response

or loss of response over time, but also includes intolerance to drugs (77).
Infliximab

Infliximab is an intravenously administered, human-murine, monoclonal antibody, which is

directed against TNF-alpha and neutralizes its functions (17).

Indication and dose

In addition to the above-mentioned indications, infliximab is also recommended for patients
with active, fistulizing disease, if the conventional therapeutic approach including antibiotics,
immunosuppressants and drainage did not lead to acceptable outcomes (17).

It is recommended to administer infliximab at 5 mg per kg at weeks 0, 2 and 6 as induction
therapy (12,78). For maintenance therapy, infliximab should be given at 5 mg per kg every
eight weeks. This strategy with regular infliximab is more effective in maintaining remission
as well as response compared to an “on demand”’ application for many clinical
endpoints (12,42,78,79). This was demonstrated regarding fistula closure, for example, in
a multicenter, phase Ill, randomized, double-blind, placebo-controlled clinical trial
(ACCENT Il - A Crohn’s Disease Clinical Trial Evaluating Infliximab in a New Long-Term
Treatment Regimen in Patients with Fistulizing Crohn’s Disease) (80).

Induction treatment

A twelve-week multicenter, double-blind, placebo controlled, randomized trial from 1997
investigated the ability of a single infusion of infliximab to induce remission in patients with
moderate to severe CD who had failed standard therapy before (81). In this study, 108
patients were randomly assigned to three treatment groups (infliximab at 5, 10 or 20 mg

per kg) or to a placebo group. At four weeks, significantly more patients treated with
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infliximab were in remission (33 %) than patients on placebo (4 %, P=0.005). In this case,
remission was defined as a reduction in CDAI of at least 70 points. Patients treated with
infliximab also showed a higher mean decrease in CDAI (110 points at four weeks) than the
patients in the placebo group (13 points) (81).

Maintenance treatment

In the pooled analysis of three randomized controlled trials, included in a review (82),
infliximab was also superior to placebo for maintaining remission in CD patients (RR 2.50;
95 % CI 1.64 to 3.80, P < 0.0001). Further, infliximab was more effective than placebo in
corticosteroid-free remission (RR 3.13; 95 % CI 1.25 to 7.81; P=0.01) as well as in complete
healing of perianal and enterocutaneous fistulas (RR 1.87; 95 % CI 1.15 to 3.04;
P=0.01) (82).

Infliximab also showed to be more effective in obtaining mucosal healing (83,84) and
improvement in several dimensions of quality of life (79,85) when compared to placebo.
Additionally, this drug is associated with a reduction in hospitalization rates, in mean

duration of hospital stays as well as in need for surgical procedures (35).

Safety

While infliximab has been shown to be effective in several aspects of CD treatment, it is
also associated with considerable side effects. These include infections (e.g. reactivation of
latent tuberculosis), antibody formations to infliximab and antinuclear antibodies,
malignancies (e.g. hepatosplenic T-cell lymphoma), demyelization (e.g. Guillain-Barré
syndrome), cardiac abnormalities and skin eruptions (psoriasiform dermatitis). For patients
receiving concomitant immunosuppressants like thiopurines, the risk for developing
malignancies and infections is increased compared to patients on monotherapy (86).

The Crohn's Therapy, Resource, Evaluation and Assessment Tool (TREAT) registry, a
prospective and observational registry, was initiated in 1999 in North America to assess the
long-term clinical outcomes and safety of different treatment strategies. This registry
included 3,764 patients who ever had received treatment with infliximab and were followed
for at least five years (in total 17,712 patient years) (87).

At time of publication, the registry covered 53,003 infliximab infusions. In 1,571 infusions
(3.0% of all observed infusions) reactions were reported, which were most commonly
headache (0.5 %) and arthritis (0.4 %). However, treatment with infliximab was also
associated with an increased risk for serious mycobacterial and fungal infections (HR 1.43;
95 % Cl 1.11 to 1.84, P=0.006). Whereas the mortality was similar in comparisonto patients
who had never received infliximab (0.58 vs. 0.59 per 100 patient-years follow-up) (87).
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Treatment strategies

Infliximab was the first anti-TNF-alpha blocker approved for the treatment of CD in Germany
in 2001. It is also the biological agent with the most clinical data and clinical experience in
CD (47). Nonetheless, optimal treatment strategies are still discussed. In parti