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ABSTRACT
Background: Although placebo-controlled trials for the treatment of patients with
moderate-to-severe Crohn’s disease have found multiple anti-tumor necrosis factor
therapies to be efficacious for achieving response and remission, no head-to-head
comparisons between these biological agents exist.
Objective: To compare the efficacy of the different anti-TNF medications with each
other in the treatment of moderate-to-severe Crohn’s disease.
Methods: We performed a systematic search of MEDLINE from inception to January
2011 for trials investigating anti-TNF therapy in adults with moderate-to-severe Crohn’s
disease. The primary outcome measures were response to therapy and disease remission.
We calculated odds ratios of each biologic agent versus standard care using random
effects meta-analysis and then performed indirect comparisons to evaluate the relative
efficacy of active treatments.
Results: We identified sixteen randomized, controlled trials with 4184 patients (2598
treated/1586 controls) including adalimumab, CDP571, certolizumab pegol, etanercept,
infliximab and onercept. When compared indirectly, adalimumab-treated patients had a
higher likelihood of achieving a clinical response versus patients treated with CDP571
(OR 2.50, 95% CI 1.26-4.97) and certolizumab pegol (OR 1.83, 95% CI 0.99-3.39).
Infliximab was also superior to CDP571 (OR 5.46, 95% CI 2.00-14.85) and certolizumab
pegol (3.99 95% CI 1.54-10.37) in inducing a clinically significant response.
Adalimumab alone was superior to certolizumab pegol in maintaining a remissive state
for at least 6 months (OR 2.09, 95% CI 1.12-3.91).
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Conclusions: In patients with moderate-to-severe Crohn’s disease, indirect meta-analysis
suggests that adalimumab and infliximab increase the odds of response compared with
CDP571 and certolizumab pegol, and adalimumab improves the odds of maintaining
remission compared with certolizumab pegol. Head-to-head trials with long-term followup should be performed.
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The Comparative Effectiveness of Anti-TNF Therapy in Crohn’s Disease:
A Network Meta-Analysis of Indirect Comparisons

Introduction
Crohn’s disease is a chronic, relapsing gastrointestinal disease associated with
significant morbidity and impairment in quality of life. It affects nearly one and a half
million Americans and accounts for substantial medical and surgical related costs in
American men and women 1-3. Moreover, longstanding inflammation has been
associated with an increased risk of developing gastrointestinal cancer 4. The current
standard of care includes, and is not limited to, treatment with 5-aminosalicyclic acid
formulations, corticosteroids and immunomodulators including azathioprine and 6mercaptopurine. Proper medical management of the disease is essential to improve the
quality of life in these patients and to halt any progression of disease that may necessitate
surgery or increase patients’ risks of developing malignancy.
Despite conventional therapy with these standard therapeutic modalities,
refractory states with inadequate response and remission rates necessitate more
aggressive interventions in some patients with Crohn’s disease. It has been shown that
patients with Crohn’s disease have higher levels of pro-inflammatory cytokines,
including tumor necrosis factor ! (TNF-!) and TNF- ! has been implicated strongly in
the pathogenesis of underlying severe disease 5. The introduction of anti-TNF therapy
has altered the treatment approach to this disease.
Currently, three anti-TNF therapies are approved by the FDA for the treatment of
Crohn’s disease—infliximab, adalimumab, and certolizumab pegol. The efficacies of
these biologic agents and of others, including CDP571, etanercept and onercept, have
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been investigated in randomized controlled trials. Although these trials have
demonstrated several of these anti-TNF medications to be efficacious for inducing and
maintaining remission of this chronic disease, no head-to-head comparisons between
these medications exist. In this study, we performed a meta-analysis for the purpose of
evaluating the comparative effectiveness of currently available anti-TNF treatments
relative to each other and to placebo controls in achieving clinical response and disease
remission in adult patients with moderate-to-severe Crohn’s disease.

Methods
Literature search
A search of the medical literature was performed using Ovid MEDLINE (from
inception to January 2011) along with the Cochrane Database of Systematic Reviews,
Cochrane Central Register of Controlled Trials, Database of Abstracts of Reviews of
Effects, and the Health Technology Assessment Database to identify randomized
controlled clinical trials investigating the efficacy of anti-TNF therapy in patients with
Crohn’s disease. A combination of MeSH terms and free text keywords relevant to study
design (“randomized controlled trial”); disease of interest (“Crohn’s disease”,
“inflammatory bowel disease”, “colitis”); and intervention of interest (“anti-tumor
necrosis factor antibody”, “monoclonal antibody”) was used (see Appendix 1 for details).
We also perused all reference lists of the articles identified through our search for
additional citations. We did not search for unpublished literature.
Inclusion & Exclusion Criteria
All resultant search query abstracts were screened and potentially relevant
citations were retrieved and reviewed in full text for eligibility determination by two
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reviewers (AT and IJD); any disagreements were resolved through the consensus of a
third reviewer (JBW). Study inclusion criteria required randomized controlled trials
published in the English language and investigation of the efficacy of anti-TNF therapies
in adults (> 18 years of age) with an established diagnosis of moderate-to-severe Crohn’s
disease upon commencement of the trial. Lower baseline disease activity was permitted
when trial patients were re-randomized to evaluate the treatment effect on certain
outcomes of interest (remission maintenance and fistula disease improvement). We
excluded studies that selected patients based on failure of previous anti-TNF treatment.
Outcomes of Interest
The primary outcomes of interest investigated were the induction of clinical
response and maintenance of disease remission. Most commonly, disease activity has
been measured using the Crohn’s Disease Activity Index (CDAI). The CDAI was
developed in the 1970s by the National Cooperative Crohn’s Disease Study and consists
of 8 terms, each with a numeric score and weighting factor (Appendix 2). The sum of the
weighted item scores quantifies the overall level of disease severity . The CDAI is a
standard clinical grading system and has been shown to demonstrate acceptable reliability
6, 7

. As conventionally done, we defined moderate-to-severe disease as a baseline score

between 220-450. Response was defined as a !70-point decrease from patient baseline
CDAI score and remission as achieving a CDAI score of <150 8, 9. The secondary
outcomes of interest examined included improvement of fistulizing disease, either partial
(50%) or complete (100%) closure of open fistulas and the development of adverse
events, classified as any, severe, or malignancy.
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Data extraction
Two reviewers (AT and IJD) independently extracted the following pertinent data
from each eligible trial: 1) study description—title, first author, journal name, year of
publication and study location; 2) intervention compared—anti-TNF trade name, dose,
route, schedule and follow-up duration; 3) patient characteristics—mean age (years),
proportion of males, inclusion/exclusion criteria, concomitant Crohn’s disease treatments
(5-ASA formulations, immunomodulators, corticosteroids, and or antibiotics) and
previous use of anti-TNF therapy; and 4) outcomes of interest—number of patients with
response and remission, number of patients with partial and complete fistula
improvement and number of patients with the pre-specified adverse events.
The following study quality data items were also extracted from each study: 1)
mode of randomization (description of method or not stated); 2) blinding of patients and
or outcome assessors (yes, no or not stated); 3) mode of allocation concealment
(description of method or not stated); and 4) intent-to-treat analysis—analysis of all
patients in the arm they were randomized to—(yes or not stated).
Statistical Analysis
We performed random effects meta-analysis using the method of DerSimonian
and Laird for all identified pair-wise comparisons of anti-TNF treatment with placebo (or
standard care) 10. As our measure of treatment effect, we calculated odds ratios (OR) for
binary outcomes (response, remission and fistular disease improvement) at multiple time
points which varied within and across studies according to data availability. Betweenstudy heterogeneity was assessed with the Cochran Q statistic and its associated chisquare test and was considered statistically significant at p < 0.1 11. Between-study
inconsistency was quantified with the I2 index which ranges from 0 to 100% with higher
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values indicating a larger percentage of statistical heterogeneity that is not explainable by
chance.
The number of patients who developed any of the adverse events examined during
the trials included were summarized and compared among treatment groups (versus
controls) using the Mantel-Haenszel test.
We then performed a network meta-analysis of all eligible studies to compare
the treatment effects of the anti-TNF therapies with each other and with the control. In
all cases but one, the control was a placebo; the other study used standard care. A
network model integrates the direct comparisons from head-to-head trials, with indirect
comparisons made through a common reference treatment. As we did not find any direct
comparisons and all indirect comparisons had placebo (or standard care) as the reference,
we used the method of Bucher 12 to calculate indirect estimates of treatment effect as the
difference of the treatments relative to placebo.

Results
Eligible Studies & Study Sample
Figure 1 displays results of the literature search. We identified 2487 potentially
eligible abstracts. After screening, we retrieved 135 of these for full-text review. The
remaining 119 were excluded for a variety of reasons including 31 for lack of
randomization and 29 for including overlapping study populations (Appendix 3).
The 16 studies retained included 4184 patients (2598 treated/1586 controls)
(Table 1). Of these, 10 trials assessed the efficacy of an anti-TNF in inducing clinical
response13-22, 5 trials investigated the efficacy of anti-TNF therapy in maintaining clinical
remission 23-27 and 8 studies evaluated anti-TNF treatment effect on fistulizing disease 14,
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16-19, 23, 27, 28

. All studies provided information about the development of adverse events.

The median duration of follow-up in the trials included was 26 weeks (range 4 to 56
weeks) and all patients included in any trial investigating response induction had baseline
CDAI scores between 220-450. Two trials, however, only described either the proportion
of patients with baseline CDAI scores below 220 or a baseline median CDAI score which
fell below 220—these trials included patients who responded to initial anti-TNF
treatment and assessed maintenance of remission or fistular disease improvement 25, 28.
All trials measured the effect of anti-TNF therapy in comparison to placebo or standard
care.
Neither the patients nor the assessors were aware of the treatment assignments in
any of the sixteen trials. Only one trial did not describe the mode of randomization,
while half did not describe the mode of allocation concealment. Five studies did not
mention intention-to-treat in their analysis protocol and it was unclear if three of the
studies analyzed their data as intention-to-treat (Table 2).
Induction of Clinical Response
PLACEBO COMPARISONS
One study (299 patients, 225 treated/74 controls) investigated the efficacy of
adalimumab 14 and demonstrated that patients treated with adalimumab had a higher
likelihood of achieving response versus placebo after one month of treatment (OR 2.25,
95% CI 1.31-3.86) (Table 3).
Two studies investigating infliximab 13, 21 also demonstrated clinically significant
improvement. The trials included 447 patients (252 treated/195 controls) and evinced
that infliximab significantly increased the likelihood of inducing clinical benefit after one
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month of treatment (OR 4.91, 95% CI 1.98-12.15; I2 = 57%, Q-statistic p = 0.13) and
after 50 weeks (OR 2.21, 95% CI 1.43-3.43).
The treatment effect of certolizumab pegol was investigated in three trials,
including 1043 patients (616 treated and 427 controls) 18, 20, 22 and proved to significantly
induce treatment response after 3 months (OR 1.39, 95% CI 1.06-1.82; I2 = 0, Q-statistic
p = 0.51). A higher likelihood of this response was noted after 6 months of follow-up in
one of the three trials (OR 1.61, 95% CI 1.17-2.22).
Two studies investigating the effects of CDP571 16, 17 demonstrated that, at week
2, those treated with CDP571 (n=374) had a significantly higher likelihood of response
induction (OR 2.35, 95% CI 1.60-3.46; I2 = 0, Q-statistic p = 0.87) when compared with
those treated with placebo (n=190). This likelihood of response induction was not noted
to be statistically significant beyond two weeks in one of these trials with a longer
duration of follow-up 17.
Lastly, one trial investigating the effects of etanercept (43 patients, 23 treated/20
controls) 19 and another investigating the effects of onercept (207 patients, 169 treated/38
controls) 15 found no evidence that either anti-TNF agent was clinically efficacious in
achieving response.
INDIRECT COMPARISONS
Between 4 and 8 weeks, adalimumab and infliximab significantly increased the
likelihood of achieving a clinical response when compared indirectly with CDP571.
Infliximab was also significantly more effective in achieving a clinical response than
certolizumab pegol and onercept and borderline significantly more effective than
etanercept. The effect of infliximab was not significantly better compared with
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adalimumab at 2 months (OR 2.18, 95% CI 0.76-6.27). Between 4 and 8 weeks, the
odds of achieving response were also increased in patients treated with adalimumab as
compared with those treated with certolizumab pegol (1.83, 95% CI 0.99-3.39). After
two months of follow-up, no other clinically significant comparisons of similar efficacy
were noted between the anti-TNF treatments (Table 4).
Maintenance of Disease Remission
PLACEBO COMPARISONS
Two trials (554 patients, 366 treated/188 controls) investigated the effects of
adalimumab on maintaining disease remission 23, 26. Adalimumab significantly increased
the likelihood of maintaining remission versus placebo after two months and through 56
weeks (OR 4.81, 95% CI 2.98-7.74; I2 = 0, Q-statistic p = 0.85). Infliximab also
increased the likelihood of maintaining a clinical remissive state at 20 weeks (OR 2.63,
95% CI 1.02-6.79) 25 and through 54weeks (OR 3.07, 95% CI 1.75-5.39; I2 = 0, Qstatistic p = 0.67) 24, 25. Patients treated with certolizumab pegol (one trial including 425
patients, 215 treated/210 controls) 27 also maintained clinical remission after 26 weeks of
evaluation (OR 2.30, 95% CI 1.53-3.44) (Table 5).
INDIRECT COMPARISONS
After 6 months of follow-up in trials investigating the effects of anti-TNF therapy
in maintaining clinical remission, indirect comparison analyses demonstrated that patients
treated with adalimumab had a higher likelihood of maintaining this remission compared
with those treated with certolizumab pegol (OR 2.09, 95% CI 1.12-3.91). When
compared with infliximab, the effects of adalimumab were not significantly different (OR
1.57, 95% 0.75-3.28) (Table 6).
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Improvement of Fistulizing Disease
PARTIAL CLOSURE-PLACEBO & INDIRECT COMPARISONS
Eight trials evaluated the effect of five anti-TNF treatments (adalimumab,
CDP571, certolizumab pegol, etanercept, or infliximab) on fistulizing disease and
included 941 patients (553 treated and 388 controls)14, 16-20, 23, 28. Of these, two trials (432
patients, 287 treated/ 145 controls) 16, 17 investigated the effects of CDP571 and
demonstrated that patients treated with CDP571 had an increased likelihood of partial
improvement as compared with those treated with placebo (OR 2.45, 95% CI 1.07-5.63;
I2 = 14.3%, Q-statistic p= 0.28). Two other trials investigated this same outcome in
response to treatment with adalimumab 14 and etanercept 19 and the rates of partial fistula
improvement between these patients and those treated with placebo were not statistically
significant (ORs 0.6, 95% CI 0.08-4.12 and 0.75, 95% CI 0.02-36.28, respectively).
When the effects of anti-TNF treatment on partial improvement were compared
indirectly, no statistically significant effects were found, but CDP571 tended to increase
the likelihood of partial fistula healing versus either adalimumab (OR 4.08) or etanercept
(OR 3.27). Indirect comparison suggests that etanercept and adalimumab (OR 1.25) are
relatively similar in effect. None of these findings were statistically significant.
COMPLETE CLOSURE-PLACEBO & INDIRECT COMPARISONS
The one trial (189 patients, 91 treated/91 controls) investigating the effects of
infliximab therapy on complete fistula healing demonstrated that infliximab-treated
patients had a higher likelihood of achieving statistically significant results versus
placebo (OR 2.37, 95% CI 1.23-4.57). Trials investigating the effects of adalimumab 14,
23

, CDP571 17, certolizumab pegol18, 20, and etanercept 19 on fistulizing disease in patients

with moderate-to-severe Crohn’s disease suggested that either adalimumab or

!

,!

certolizumab pegol improved fistulizing disease, but these findings were not statistically
significant. Indirect comparisons did not suggest any statistically significant relative
benefit of any of the anti-TNF treatments, although the effects of adalimumab, CDP571,
certolizumab pegol and infliximab appeared to induce a higher likelihood of complete
improvement (Tables 7 and 8).
Safety
ANY ADVERSE EVENT-PLACEBO & INDIRECT COMPARISONS
Within all the included trials, the frequency of any adverse event occurring during
the individual studies’ duration of follow-up was similar among patients treated with antiTNF therapy versus those treated with placebo (Tables 9 and 10). The odds of an adverse
event occurring in patients treated with an anti-TNF agent (versus placebo) was highest
among those treated with etanercept (OR 2.83), but not statistically significantly so.
Treatment with CDP571 and infliximab also suggested a similarly higher, yet nonsignificant, potential for the occurrence of an adverse event (ORs 1.48 and 1.17,
respectively).
Comparative analyses suggested that etanercept may have the highest potential for
increasing the chances of any adverse event occurring, compared with adalimumab,
CDP571, certolizumab pegol, infliximab and onercept. Treatment with CDP571 may
also increase this likelihood when compared with adalimumab, certolizumab pegol,
infliximab and onercept. None of these observations were statistically significant.
SEVERE ADVERSE EVENTS-PLACEBO & INDIRECT COMPARISONS
CDP571 and infliximab were similar to placebo for severe adverse events (ORs
1.01 and 0.97, respectively) and versus each other (1.04). However, in comparison with
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etanercept, both CDP571 and infliximab may increase the likelihood of a severe adverse
event (ORs 2.12 and 2.03, respectively), albeit not statistically significantly so.
MALIGNANCY-PLACEBO & INDIRECT COMPARISONS
In comparison with placebo, our analyses of the treatment effects of adalimumab,
CDP571, certolizumab pegol and infliximab suggest that patients treated with CDP571
had the highest likelihood of developing a malignancy, but confidence intervals were
broad and not statistically significant (OR 1.27, 95% CI 0.12-12.33). The available data
for comparison did not result in any statistically significant findings. When compared
indirectly, the potential of CDP571 in causing this event may be higher in comparison
with adalimumab (OR 4.54, 95% CI 0.2-104.64) or infliximab (2.05, 95% CI 0.1528.02).

Discussion
Using meta-analysis, we have analyzed the effect of multiple anti-TNF therapies
in achieving clinical improvement and potentially causing adverse events when compared
with placebo (or standard care) and when compared with each other. In summary, by
indirect comparisons of the currently available evidence, adalimumab and infliximab are
superior to CDP571 and certolizumab pegol in inducing a clinically significant response,
while infliximab may also be superior to etanercept and onercept. Our findings also
demonstrate that adalimumab alone is superior to certolizumab pegol in maintaining
remission in patients with moderate-to-severe Crohn’s disease for up to at least 6 months.
Our results extend previous systematic reviews comparing adalimumab, certolizumab
pegol, and infliximab directly to placebo in inducing a significant clinical response and
maintaining disease remission in patients with moderate-to-severe Crohn’s disease 29, 30.
!
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Our analysis also suggests that CDP571 is of significant benefit for inducing response
versus placebo though this effect may be limited in duration.
According to the American College of Gastroenterology—based on evidence
from well defined randomized or cohort controlled trials (Grade A evidence)—patients
with moderate-to-severe Crohn’s disease may be treated with oral prednisone to induce
remission and may be maintained in remissive states with azathioprine or 6mercaptopurine. Treatment with infliximab, adalimumab or certolizumab pegol is
effective for those who do not respond to corticosteroids or immunosuppressive agents.
The anti-alpha 4 integrin antibody, natalizumab, is also effective for patients who do no
respond adequately to or may not tolerate either conventional or anti-TNF therapy 31.
Anti-TNF therapies are recognized as effective for inducing a clinical response and
maintaining disease remission, yet present guidelines do not distinguish between their
relative efficacies. Anecdotally, these medications are said to be initiated as salvage
medications (in patients with steroid-refractory disease).
Our analysis provides an example of comparative effectiveness research, as
promoted by the Institute of Medicine (IOM). By their definition, comparative
effectiveness research is “the generation and synthesis of evidence that compares the
benefits and harms of alternative methods to prevent, diagnose, treat and monitor a
clinical condition” 32. The motivation behind the IOM recommendation is to assist
clinicians, policymakers, and patients in making informed decisions, emphasizing the
importance of shared decision-making between physicians and their patients. By
comparing the relative treatment efficacies of anti-TNF therapies and evaluating these
medications’ potential for severe harm, our findings suggest that some anti-TNF therapies
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are superior to others for the treatment of moderate-to-severe Crohn’s disease. Moreover,
our analysis demonstrates that some of the biologics may be of greater potential harm
when compared with each other but none of these achieved statistical significance
because of the limited sample size in the randomized trials, highlighting the need for
effectiveness studies involving many more patients to detect adverse event signals.
As with any meta-analysis, the strength of potential conclusions is limited by the
available published data. Although we feel confident that our thorough review of the
existing literature, search strategy and double-screening techniques discovered all
relevant studies, undiscovered unpublished data may limit the accuracy of our estimates.
The lack of any trials directly comparing anti-TNF treatments and small number of
placebo controlled trials conducted on each anti-TNF agent also limits our ability to draw
strong conclusions in many cases. They also prevent any systematic exploration of
treatment effect modifiers related to patient baseline characteristics and study quality.
In addition, the different trials exhibit substantial clinical heterogeneity in design
that is reflected in substantial between-study statistical heterogeneity. This decreases the
precision with which we could compare the treatments. Patients were randomized to
multiple doses of anti-TNF therapy in some studies and the treatment schedules varied
between the different trials. Consequently, we collapsed active treatment arms within
each study (when applicable) assuming similar dose-response effects and drug
pharmacokinetics. In addition, the studies differed in when they reported outcomes, so
that estimates of treatment effects were not available at the same time points for the
different therapies. This required us to vary the time points at which we analyzed the
data in order to capture as many outcomes per anti-TNF agent as possible within pre-
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determined time intervals. This and a lack of patient-level data made it impossible to
analyze the durability of treatment effect over time.
Another limitation relates to the outcome measurement tool used in all trials. The
CDAI incorporates two score items (“general well being” and “abdominal pain”) that are
invariably subjective 34. The score does not account for the more objective measure of
endoscopic response that might better reflect long-term treatment effects on the
development of malignancy.
Nevertheless, the trials shared enough common design elements to combine them.
Study populations were comparable at baseline as all adult patients had moderate-tosevere disease and were of similar age and gender distribution. Trial data suggest that all
the patients included received concomitant therapies and all were treated with either
steroid therapy or an immunomodulator; only one trial did not list the patients’ baseline
concomitant therapies. All but one trial compared anti-TNF therapy against placebo.
The outcomes of interest were measured using the same scale and all included studies
used the same definitions of response (CDAI score change of ! 70-point decrease from
baseline) and remission (CDAI score of < 150).
The morbidity associated with refractory Crohn’s disease underscores the need to
focus on determining the most effective medical management of these patients. In
addition to significant clinical sequelae, treatment costs for patients with Crohn’s disease
are substantial. A systematic review by Yu et al estimates annual direct medical costs in
the U.S. to be approximately $19,000 per patient. For those hospitalized, hospitalization
costs average approximately $38,000 per year; hospitalization costs for severe disease
treatment are 3- to 9-fold higher than for patients in remissive states. Overall, after
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combining prevalence rates, the total U.S. economic burden of the disease is determined
to range from $10-15.5 billion 35.
The results of this study are of clinical and economic importance. Although
existing clinical guidelines recommend the use of any of three anti-TNF therapies in
patients with moderate-to-severe Crohn’s disease, our results suggest that two of these
three treatments may afford a statistically significant higher benefit for achieving a
clinical response in these patients, and one of the three may be superior for maintaining
disease remission. In choosing among the available agents, guidelines do not provide
practicing physicians with clear recommendations, complicating the decision-making
process or requiring physicians to rely on treatment strategies possibly based on clinical
impression alone. From both a policy perspective and from a payer perspective, hospitals
and policy-makers may need to weigh other factors including costs when deciding how to
support reimbursement or allocate resources.
Future research with head-to-head trials and with longer follow-up would need to
be performed to confirm our results. Evaluation of different treatment doses and
schedules would also expand the currently limited evidence available. In addition,
because of the established efficacy of anti-TNF therapy in patients with refractory
disease, exploration of a “step-down” approach should be considered as a future research
priority. The potential for delayed or long-term harm of these novel agents must be
further considered and evaluated. Current findings could also be used to perform cost
effectiveness analyses and estimate disease outcomes and costs in patients being treated
with anti-TNF treatment as compared with those treated with alternative strategies.

!

%)!

Tables
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Table 1. Characteristics of eligible studies.
Author, Journal
Year (Location)

Treatment arms

(n)

Mean age
yrs (SD)

Male
(%)

Mean disease
duration, yrs (SD)

Previous
Anti-TNF
(n)

Concomitant Meds
[(n) placebo/ (n)
treatment arm]

Outcomes
Assessed

Duration
(wks)

Targan, NEJM
1999 (Multinational)

Placebo
IFX 5 mg/kg
IFX 10 mg/kg
IFX 20 mg/kg

25
27
28
28

39 (11)
37 (12)
39 (11)
36 (10)

60
52
46
46

10 (8)
13 (10)
12 (10)
14 (9)

0
0
0
0

Antibiotics (n/a)
5-ASA (17/47)
Steroids (16/48)
Immunomod (11/29)

IR, AE

12

Sandborn, Gastroenterology
2001 (Canada, Great Britain,
USA)

Placebo
CDP571 10 mg/kg
CDP571 20 mg/kg

58
54
57

33 (18-66)a
33 (18-71)
64 (22-76)

50
54
49

10 (0-33) a
9 (0-32)
8 (0-26)

0
0
0

Antibiotics (n/a)
5-ASA (33/59)
Steroids (27/62)
Immunomod (25/31)

IR, FI, AE

24

Sandborn, Gastroenterology
2001 (USA)

Placebo
Etaner 25 mg

20
23

39 (22-60) a
37 (20-69)

50
70

n/a
n/a

8
12

Antibiotics (5/4)
5-ASA (9/11)
Steroids (7/10)
Immunomod (8/11)

IR, FI, AE

8

Sandborn, Gut
2004 (Multinational)

Placebo
CDP571 10 mg/kg

132
263

38 (13)
38 (12)

33
40

8.4 (8)
9.1 (8)

28
63

Antibiotics (18/39)
5-ASA (76/157)
Steroids (54/109)
Immunomod (36/81)

IR, FI, AE

28

Winter, Alimentary
Pharmacology and
Therapeutics
2004 (Multinational)

Placebo
Certo 1.25 mg/kg
Certo 5 mg/kg
Certo 10 mg/kg
Certo 20 mg/kg

25
2
25
17
23

32 (18-56)b
37 (31-42)
36 (21-61)
40 (18-64)
33 (19-60)

24
0
48
35
44

8 (0-22)b
10 (811)
8 (117)
10 (126)
8 (1-19)

3
1
6
5
7

Antibiotics (n/a)
5-ASA (10/30)
Steroids (7/19)
Immunomod (11/30)

IR, AE

12

Schreiber, Gastroenterology
2005 (Multinational)

Placebo
Certo 100 mg
Certo 200 mg
Certo 400 mg

73
74
72
72

36 (19-64) b
34 (18-56)
40 (19-71)
36 (18-67)

33
47
31
44

8 (0-28)b
8 (0-32)
9 (0-31)
8 (0-27)

16
18
17
12

Antibiotics (11/25)
5-ASA (29/97)
Steroids (29/75)
Immunomod (26/82)

IR, AE

12

Response
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Hanauer, Gastroenterology
2006 (Multinational)
CLASSIC I

Placebo
Ada 40 mg/ 20 mg
Ada 80 mg/ 40 mg
Ada 160 mg/ 80 mg

74
74
75
76

37 (13)
39 (53)
25 (33)
36 (47)

50
53
33
47

n/a
n/a
n/a
n/a

0
0
0
0

Antibiotics (n/a)
5-ASA (37/116)
Steroids (25/73)
Immunomod (22/66)

IR, FI, AE

4

Rutgeerts, Clinical
Gastroenterology and
Hepatology
2006 (Multinational)

Placebo
Oner 10 mg
Oner 25 mg
Oner 35 mg
Oner 50 mg

38
44
42
40
43

39 (11)
34 (11)
36 (12)
39 (13)
36 (11)

58
34
50
43
42

150 (95)c
94 (69)
146 (102)
125 (87)
112 (103)

0
0
0
0
0

Antibiotics (5/40)
5-ASA (n/a)
Steroids (13/60)
Immunomod (9/41)

IR, AE

12

Sandborn, NEJM
2007 (Multinational)

Placebo
Certo 400 mg

328
331

38 (12)
37 (12)

40
47

8 (<1-40) b
7 (<1-44)

n/a
n/a

Antibiotics (n/a)
5-ASA (n/a)
Steroids (75/72)
Immunomod (66/69)

IR, AE

26

Colombel, NEJM
2010 (Multinational)
SONIC

Aza 2.5 mg/kg
Aza 2.5 mg/kg + IFX 5 mg/kg

170
169

35 (18-79)a
34 (19-68)

53
52

2d
2

0
0

Antibiotics (n/a)
5-ASA (104/85)
Steroids (130/122)
Immunomod (0/0)

IR, AE

50

Rutgeerts, Gastroenterology
1999 (Multinational)

Placebo
IFX 10 mg/kg

36
37

39 (20-65)a
34 (20-64)

64
41

12 (0-33) a
9 (1-31)

0
0

Antibiotics (n/a)
5-ASA (n/a)
Steroids (n/a)
Immunomod (n/a)

RM, AE

48

Hanauer, Lancet
2002 (Multinational)
ACCENT I

Placebo
IFX 5 mg/kg
IFX 10 mg/kg

110
113
112

35 (27-46)a,e

39 e

8 (4-14)a,e

0
0
0

Antibiotics (n/a)
5-ASA (159) e
Steroids (175)
Immunomod (91)

RM, AE

54

Sandborn, Gut
2007 (Multinational)
CLASSIC II

Placebo
Ada 40 mg
Ada 40 mg

18
19
18

36 (13)
34 (12)
38 (10)

33
37
50

8 (8)
8 (7)
9 (10)

n/a
n/a
n/a

Antibiotics (1/0)
5-ASA (8/26)
Steroids (10/17)
Immunomod (3/9)

RM, AE

56

Remission
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Colombel, Gastroenterology
2007 (Multinational)
CHARM

Placebo
Ada 40 mg
Ada 40 mg

170
172
157

37 (12) e

38 e

n/a
n/a
n/a

238 e

Antibiotics (n/a)
5-ASA (206) e
Steroids (210)
Immunomod (240)

RM, FI,
AE

56

Schreiber, NEJM
2007 (Multinational)

Placebo
Certo 400 mg

210
215

38 (12)
38 (11)

52
43

7 (<1-43)b
9 (<1-33)

n/a
n/a

Antibiotics (n/a)
5-ASA (n/a)
Steroids (44/47)
Immunomod (52/59)

RM, AE

26

Placebo
IFX 5 mg/kg

99
96

36 (29-46)a
37 (28-47)

48
55

12 (1-32)
11 (0-32)

n/a
n/a

Antibiotics (26/28)
5-ASA (49/41)
Steroids (30/25)
Immunomod (37/30)

FI, AE

54

Fistula Improvement
Sands, NEJM
2004 (Multinational)

Yrs = Years; SD = Standard deviation; Wks = Weeks; NEJM = New England Journal of Medicine; IFX = Infliximab; 5-ASA = 5Aminosalicylates; Immunomod = Immunomodulators; IR = Induction response; AE = Adverse events; FI = Fistula improvement;
Etaner = Etanercept; Certo = Certolizumab pegol; Ada = Adalimumab; Oner = Onercept; Aza = Azathioprine; RM = Remission
maintenance
a

Median (range).
Mean (range).
c
Months (SD).
d
Median.
e
Data for all randomized patients.
b
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Table 2. Study quality characteristics.
Author, Journal,
Year
Targan 1999
NEJM
Rutgeerts1999
Gastroenterology
Sandborn 2001
Gastroenterology
Sandborn2001
Gastroenterology
Hanauer 2002
Lancet
ACCENT I
Sandborn 2004
Gut
Winter 2004
Alimentary
Pharmacology &
Therapeutics
Sands 2004
NEJM
ACCENT II
Schreiber 2005
Gastroenterology
Hanauer 2006
Gastroenterology
CLASSIC I
Rutgeerts 2006
Clinical
Gastroenterology &
Hepatology
Sandborn 2007
Gut
CLASSIC II
Colombel 2007
Gastroenterology
CHARM
Sandborn 2007
NEJM
Schreiber 2007
NEJM
Colombel 2010
NEJM
SONIC

Anti-TNF

Mode of randomization

IFX

Centrally by
Independent organization
Centrally by
Independent organization
Computer generated
centrally
Independent Statistician

IFX
CDP571
Etaner

Patient
Blinding
Yes

Assessor
Blinding
Yes

Mode of allocation
Concealment
Blinded pharmacist

Intention to
treat analysis
Yes

Yes

Yes

Not stated

Not stated

Yes

Yes

Not stated

Yes

Yes

Yes

Independent Corporation

Yes

IFX

Centrally by interactive
voice-response system

Yes

Yes

Pharmacist

Not stated

CDP571

Computer generated by
unblinded statistician
Not stated

Yes

Yes

Not stated

Yes

Yes

Yes

Not stated

Yes

Computer generated

Yes

Yes

Pharmacist

Yes

Centrally by interactive
voice-response system
Interactive voiceresponse system

Yes

Yes

Not stated

Yes

Yes

Yes

Not stated

Oner

Centrally by interactive
voice-response system

Yes

Yes

Interactive voice-response
system & blinded
pharmacist
Centrally by independent
organization

Ada

Centrally

Yes

Yes

Pharmacist

Not stated

Ada

Centrally by interactive
voice-response system

Yes

Yes

Not stated

Not stated

Certo

Centrally

Yes

Yes

Not stated

Yes

Certo

Independent statistician

Yes

Yes

Interactive voice response

Yes

Centrally

Yes

Yes

Not stated

Yes

Certo

IFX
Certo
Ada

IFX

Yes

IFX = Infliximab; Etaner = Etanercept; Certo = Certolizumab pegol; Ada = Adalimumab; Oner =
Onercept
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Table 3. Odds ratios of anti-TNF therapies achieving response induction, versus placebo.
Anti-TNF
Adalimumab
CDP571
Certolizumab pegol
Etanercept
Infliximab
Onercept

4-8

12-16

Weeks
20-24

28-32

>36

2.25 (1.31-3.86)
(n/a)
0.90 (0.59-1.38)
(n/a)
1.23 (0.91-1.65)
(I2 = 0, Q-statistic p = 0.61)
1.02 (0.28-3.77)
(n/a)
4.91 (1.98-12.15)
(I2 = 57%, Q-statistic p = 0.13)
1.13 (0.54-2.33)
(n/a)

*

*

*

*

1.35 (0.86-2.12)
(n/a)
1.39 (1.06-1.82)
(I2 = 0, Q-statistic p = 0.51)
*

0.96 (0.62-1.48)
(n/a)
1.61 (1.17-2.22)
(n/a)
*

1.51 (0.95-2.39)
(n/a)
*

*

*

*

*

*

*

*

*

*

2.21 (1.43-3.43)
(n/a)
*

*

* = Not enough data for comparison.
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Table 4. Odds ratios of anti-TNF therapies achieving response induction, versus other anti-TNF therapies.
Weeks 4-8
Certolizumab pegol

Anti-TNF
Adalimumab

Adalimumab

CDP571

*

2.5 (1.26-4.97)

1.83 (0.99-3.39)

Etanercept

Infliximab

Onercept

2.21 (0.54-9.02)

*

1.99 (0.80-4.94)

CDP571
Certolizumab pegol
Etanercept
Infliximab
Onercept

*

*

*

1.37 (0.81-2.30)

*

*

*

*

*

1.21 (0.32-4.58)

*

1.09 (0.49-2.40)

*

1.13 (0.29-4.45)

*

*

*

*

2.18 (0.76-6.27)

5.46 (2.0-14.85)

3.99 (1.54-10.37)

4.81 (0.99-23.49)

*

4.35 (1.36-13.93)

*

1.26 (0.54-2.92)

*

1.11 (0.25-4.92)

*

*

Weeks 12-16
Anti-TNF
Certolizumab pegol

CDP571

Anti-TNF
Certolizumab pegol

CDP571

1.03 (0.61-1.74)

Weeks 20-24
1.68 (0.98-2.88)

Estimates have been standardized so that values higher than 1 indicate superiority of treatments listed in the first column.
* = Not enough data for comparison.
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Table 5. Odds ratios of anti-TNF therapies maintaining disease remission, versus placebo.
Anti-TNF
Adalimumab
Certolizumab
Infliximab

4-8

12-16

2.57 (1.16-5.71)
(I2 = 43%, Q-statistic p = 0.19)
*

3.47 (2.31-5.21)
(I2 = 0, Q-statistic p = 0.69)
*

*

2.05 (0.81-5.22)
(n/a)

Weeks
20-24
3.93 (1.55-10.0)
(I2 = 50%, Q-statistic p = 0.16)
2.30 (1.53-3.44)a
(n/a)
2.90 (1.21-7.51)
(n/a)

28-32

>36

6.59 (1.34-32.5)
(I2 = 76%, Q-statistic p = 0.04)
*

4.81 (2.98-7.74)
(I2 = 0, Q-statistic p = 0.85)
*

2.76 (1.74-4.38)
(I2 = 0, Q-statistic p = 0.90)

3.07 (1.75-5.39)
(I2 = 0, Q-statistic p = 0.67)

* = Not enough data for comparison.
a
Odds ratio calculated at 26 weeks.
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Table 6. Odds ratios of anti-TNF therapies maintaining disease remission, versus other anti-TNF therapies.
Weeks 12-16
Anti-TNF
Infliximab

Adalimumab
0.59 (0.21-1.63)

Weeks 20-24
Anti-TNF
Adalimumab
Anti-TNF
Adalimumab
Infliximab

Infliximab
1.36 (0.37-5.0)

Weeks 26-56
Certolizumab pegol
2.09 (1.12-3.91)
1.33 (0.67-2.67)

Infliximab
1.57 (0.75-3.28)

*

Estimates have been standardized so that values higher than 1 indicate superiority of treatments listed in the first column.
* = Not enough data for comparison.
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Table 7. Odds ratios of anti-TNF therapies achieving fistular disease improvement, versus placebo.
Partial Improvement
Anti-TNF
Adalimumab
CDP571
Etanercept
Complete Improvement
Anti-TNF
Adalimumab
CDP571
Certolizumab pegol
Etanercept
Infliximab

!

OR (95% CI)

I2

0.60 (0.08-4.12)
2.45 (1.07-5.63)
0.75 (0.02-36.28)

OR (95% CI)
2.21 (0.55-8.90)
1.70 (0.75-3.87)
1.51 (0.60-2.20)
0.27 (0-20.42)
2.37 (1.23-4.57)

(Q statistic p-value)
(n/a)
I = 14.3% (p = 0.28)
(n/a)
2

I2

(Q statistic p-value)
I2 = 31.4% (p = 0.23)
(n/a)
2
I = 0 ( p = 0.51)
(n/a)
(n/a)
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Table 8. Odds ratios of anti-TNF therapies achieving fistular disease improvement, versus other anti-TNF therapies.
Partial Improvement
Anti-TNF
Adalimumab
CDP571
Etanercept
Complete Improvement
Anti-TNF
Adalimumab
CDP571
Certolizumab pegol
Etanercept
Infliximab

Adalimumab
*
4.08 (0.48-34.65)
1.25 (0.02-86.57)

Adalimumab
*
*
*
*
1.07 (0.23-5.0)

CDP571
1.30 (0.26-6.54)
*
1.13 (0.40-3.21)
*
1.39 (0.49-3.99)

Etanercept
*
3.27 (0.07-152.35)
*

Certolizumab pegol
1.46 (0.31-6.80)
*
*
*
1.57 (0.62-3.95)

Etanercept
8.19 (0.09-729.61)
6.30 (0.08-486.42)
5.59 (0.07-419.72)
*
8.78 (0.12-659.42)

Infliximab
*
*
*
*
*

Estimates have been standardized so that values higher than 1 indicate superiority of treatments listed in the first column.
* = Not enough data for comparison.
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Table 9. Odds ratios of adverse events after anti-TNF treatment, versus placebo.
Anti-TNF
Adalimumab
CDP571
Certolizumab pegol
Etanercept
Infliximab
Onercept

Any Adverse Event
0.94 (0.51-1.70)
(I2 = 49%, Q-statistic p = 0.14)
1.48 (0.43-5.06)
(I2 = 86%, Q-statistic p = 0.01)
1.04 (0.82-1.33)
(I2 = 0, Q-statistic p = 0.80)
2.83 (0.79-10.18)
(n/a)
1.17 (0.58-2.38)
(I2 = 76, Q-statistic p = 0.002)
1.05 (0.48-2.28)
(n/a)

Severe Adverse Events
*
1.01 (0.64-1.59)
(I2 = 0, Q-statistic p = 0.64)
*
0.26 (0.03-2.70)
(n/a)
0.97 (0.06-16.16)
(n/a)
*

* = Not enough data for comparison.
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Table 10. Odds ratios of adverse events after anti-TNF treatment, versus other anti-TNF therapies.
ANY
Anti-TNF
Adalimumab
CDP571
Certolizumab
Etanercept
Infliximab
Onercept

Adalimumab
*
1.57 (0.40-6.21)
1.11 (0.58-2.12)
3.01 (0.73-12.37)
1.24 (0.49-3.15)
1.12 (0.42-2.99)

CDP571
*
*
*
1.91 (0.32-11.29)
*
*

SEVERE
Anti-TNF
CDP571
Infliximab

Etanercept
2.12 (0.21-21.02)
2.03 (0.06-73.73)

Infliximab
1.04 (0.06-17.72)
*

Certolizumab pegol
*
1.42 (0.41-5.0)
*
2.72 (0.74-9.99)
1.13 (0.53-2.37)
1.01 (0.45-2.28)

Etanercept
*
*
*
*
*
*

Infliximab
*
1.26 (0.31-5.24)
*
2.42 (0.56-10.42)
*
*

Onercept
*
1.41 (0.33-6.06)
*
2.70 (0.60-12.0)
1.11 (0.39-3.19)
*

Estimates have been standardized so that values higher than 1 indicate superiority of treatments listed in the first column.
* = Not enough data for comparison.
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Figure
Figure 1: Search flow diagram.

MEDLINE search 2847 citations
(through January 2011)

2712 citations excluded at the
abstract level

135 papers reviewed in full text
119 papers excluded
31 non randomized controlled trial
29 duplicate/overlapping population
17 systematic review/meta-analysis
17 not population of interest
13 economic evaluation
7 no primary data
2 not intervention of interest
3 not outcome of interest

!

16 eligible studies
(16 luminal and 8 fistular disease)
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!
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Appendices
Appendix 1. Exact search term strategy.
1. randomized controlled trial.pt.
2. controlled clinical trial.pt.
3. randomized controlled trials/
4. Random Allocation/
5. Double-blind Method/
6. Single-Blind Method/
7. clinicaltrial.pt.
8. Clinical Trials.mp. or exp Clinical Trials/
9. (clinic$ adj25 trial$).tw.
10. ((singl$ or doubl$ or trebl$ or tripl$) adj (mask$ or blind$)).tw.
11. Placebos/
12. placebo$.tw.
13. random$.tw.
14. trial$.tw.
15. (randomized control trial or clinical control trial).sd.
16. (latinadj square).tw.
17. Comparative Study.tw. or Comparative Study.pt.
18. exp Evaluation studies/
19. Follow-Up Studies/
20. Prospective Studies/
21. (control$ or prospectiv$ or volunteer$).tw.
22. Cross-Over Studies/
23. or/1-22
24. Crohn's.af.
25. crohn.af.
26. inflammatory bowel disease.af.
27. perinealdisease.af.
28. enteritis.af.
29. colitis.af.
30. ileitis.af.
31. fistulae.af.
32. fistulardisease.af.
33. perianaldisease.af.
34. monoclonalantibody.af.
!
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35. tumor necrosis factor.af.
36. anti-TNF antibody.af.
37. anti tumor necrosis antibody.af.
38. biologics.af.
39. infliximab.af.
40. remicade.af.
41. monoclonal antibody ca2.af.
42. adalimumab.af.
43. humira.af.
44. d2e7.af.
45. 331731-18-1.af.
46. golimumab.af.
47. simponi.af.
48. 476181-74-5.af.
49. certolizumab.af.
50. certolizumabpegol.af.
51. cimzia.af.
52. cdp_870.af.
53. cdp 870.af.
54. cdp870.af.
55. 428863-50-7.af.
56. etanercept.af.
57. enbrel.af.
58. 185243-69-0.af.
59. onercept.af.
60. cd 571.af.
61. cdp571.af.
62. cdp_571.af.
63. humicade.af.
64. 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33
65. 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48
or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63
66. 23 and 64 and 65
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Appendix 2. Crohn’s Disease Activity Index.
Variable
Number of liquid or soft stools (each day for 7 days)
Abdominal pain, sum of 7 daily ratings (0=none, 1=mild, 2=moderate,
3=severe)
General well-being, sum of 7 daily ratings (0=generally well, 1=slightly
under par, 2=poor, 3=very poor, 4=terrible)
Number of listed complications a
Use of diphenoxylate or loperamide for diarrhea (0=no, 1=yes)
Abdominal mass (0=no, 2=questionable, 5=definite)
Hematocrit (males, 47-HCT; females 42-HCT)
Body weight (1-weight/standard weight) x 100
a

!

Weighting factor
x2
x5
x7
x 20
x 30
x 10
x6
x1

One point is added for each set of complications present:
• Arthralgias or arthritis
• Iritis or uveitis
• Erythema nodosum or pyoderma gangrenosum or aphthous stomatitis
• Anal fissures or fistula or abscess
• Other firstulae
• Fever > 100°
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Appendix 3. List of excluded full-text articles reviewed.
1.

Akobeng AK: Review article: The evidence base for interventions used to
maintain remission in crohn's disease. Aliment Pharmacol Ther (2008)
27(1):11-18.

2.

Akobeng AK, Zachos M: Tumor necrosis factor-alpha antibody for induction
of remission in crohn's disease. Cochrane Database Syst Rev (2004)
1):CD003574.

3.

Arijs I, De Hertogh G, Lemaire K, Quintens R, Van Lommel L, Van Steen K,
Leemans P, Cleynen I, Van Assche G, Vermeire S, Geboes K et al: Mucosal gene
expression of antimicrobial peptides in inflammatory bowel disease before
and after first infliximab treatment. PLoS One (2009) 4(11):e7984.

4.

Arseneau KO, Cohn SM, Cominelli F, Connors AF, Jr.: Cost-utility of initial
medical management for crohn's disease perianal fistulae. Gastroenterology
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