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Abstract

Objective: To compare the efficacy of adalimumab and infliximab for the treatment of
moderate to severe ulcerative colitis using indirect treatment comparison meta-analysis.
Methods: A systematic review and Bayesian indirect treatment comparison meta-analyses were
performed for seven patient-important clinical outcomes at 8 weeks and 52 weeks. Odds ratio
(OR) estimates and associated 95% credible intervals (CrIs) were produced.
Results: Five eligible RCTs informed clinical remission, response, mucosal healing, quality of life,
colectomy, serious adverse events, and discontinuation due to adverse events at 8 weeks and
 gust 2022
52 weeks. At 8 weeks of induction therapy, clinical remission (OR = 0.42, 95% CrI 0.17–0.97), clinical
response (OR = 0.45, 95% CrI 0.23–0.89) and mucosal healing (OR = 0.46, 95% CrI 0.25–0.86)
statistically favored infliximab. However, after 52 weeks of maintenance therapy OR estimates
showed no significant difference between infliximab and adalimumab. For serious adverse events and
discontinuations due to adverse events, adalimumab and infliximab were similar to placebo. Further,
the indirect treatment comparison of adalimumab and infliximab yielded odds ratios close to 1.00
with wide credible intervals.
Conclusion: The findings of this indirect treatment comparison meta-analysis suggest that both
infliximab and adalimumab are superior to placebo in the treatment of moderate to moderately
severe ulcerative colitis. While infliximab is statistically more effective than adalimumab in the
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induction of remission, response and mucosal healing at 8 weeks, infliximab and adalimumab are
comparable in efficacy at 52 weeks of maintenance treatment.
© 2014 European Crohn's and Colitis Organisation. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Ulcerative colitis (UC) is a chronic inflammatory disease of
the colon, which is characterized by mucosal ulceration
leading to diarrhea, rectal bleeding, and abdominal pain.1

The risk of colectomy within the first five years of a diagnosis
of ulcerative colitis ranges from 9% to 35%.2

Tumor necrosis factor α (TNF-α) is believed to promote
the inflammatory response in patients with UC.3–5 There-
fore, TNF inhibitors (or anti-TNFs) play an important role in
the treatment of UC. Adalimumab and infliximab are both
anti-TNFs approved for the treatment for UC. Adalimumab
and infliximab both constitute viable alternatives to con-
ventional UC treatments such as aminosalicylates, cortico-
steroids, and immunosuppressants when patients do not
respond, experience undesirable adverse effects, or become
refractory to such interventions.6–8

To date, the efficacy of adalimumab and infliximab for
treating adults diagnosedwithmoderate to severe UC has been
documented in a number of placebo-controlled randomized
clinical trials (RCTs),7,8 and the efficacy of anti-TNFs in general
(not distinguishing between adalimumab and infliximab) has
been documented in a number of conventional pair wise
meta-analysis.9–11 However, adalimumab and infliximab have
never been compared head-to-head in a RCT, and thus, it is
unclear whether one of the two treatments exhibits higher
efficacy than the other. In the absence of head-to-head
evidence, it is still possible to draw inferences about the
relative efficacy of the two anti-TNFs through indirect
treatment comparison meta-analysis, a technique that relies
on evidence from RCTs that have compared either of the two
active interventions to a common comparator (e.g., placebo)
to establish relative effectiveness.12 The objective of the
present study was to conduct an indirect treatment compar-
ison meta-analysis of the efficacy of adalimumab and
infliximab for the treatment of moderate to severe ulcerative
colitis in adult patients with no prior anti-TNF experience.

2. Methods

2.1. Search strategy

Two reviewers (KT, ED) working independently and in
duplicate conducted a systematic literature search.
Medline, Embase, and EBM Reviews — Cochrane Central
Register of Controlled Trials were searched (from inception
to October 30, 2013). The search terms included “ulcerative
colitis” and the generic and brand names of each of the
agents (“adalimumab” or “Humira™” or “infliximab” or
“Remicade™”). Searches were limited to RCTs in humans and
were not limited by language. Bibliographies of published
systematic reviews and relevant RCTs were also searched.
Searches were structured in such away as to accommodate the
controlled vocabulary and search language of each database.

2.2. Eligibility

We included RCTs evaluating either adalimumab or infliximab
for the treatment of moderate to severe UC in non-
hospitalized adult patients (i.e., outpatients), 18 years of
age and older, with an inadequate response to conventional
treatment (e.g., aminosalicylates, corticosteroids, and immu-
nosuppressants). RCTs reporting outcomes among patients
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with no prior anti-TNF experience (i.e., those naïve to
anti-TNFs) were included. The placebo and active treatment
arms of included trials could each include concomitant therapy
treatments such as aminosalicylates, corticosteroids, and
immunosuppressants. We included RCTs reporting on at least
one of our five efficacy outcomes (clinical remission, clinical
response, mucosal healing, the inflammatory bowel disease
questionnaire (IBDQ) response, and colectomy) and reported
outcomes at 8 weeks or later. Only RCTs where adalimumab
and infliximab had been administered for at least 6 weeks
were considered. Trials that did not have a placebo control
were excluded.
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2.3. Study selection

Two researchers (KT, ED) working independently, in duplicate,
scanned all abstracts and obtained the full text publications
potentially matching the inclusion criteria. After obtaining
these full text publications, the same two researchers indepen-
dently assessed eligibility. Where required, a third investigator
(EM) provided arbitration.
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2.4. Data extraction

We extracted data on the following key efficacy outcomes:
clinical remission (defined as Mayo score≤2 with no individual
subscore N1 or as a Seo index b120 points), clinical response
(defined as decrease from baseline in the total Mayo score by
≥3 points and at least 30% with an accompanying decrease in
rectal bleeding subscore of ≥1 point or an absolute rectal
bleeding subscore of 0 or 1), mucosal healing (defined as an
endoscopy subscore of 0 or 1), IBDQ response (defined as a
positive change of ≥16 points in IBDQ response), and
colectomy. We also extracted data on two key safety
outcomes: serious adverse events and discontinuation due to
adverse events. The efficacy outcome data were extracted for
the time points of 8 to 12 weeks and 52 to 54 weeks. We also
extracted sustained clinical remission and sustained response,
that is, remission at 52 to 54 weeks conditional on remission at
8 to 12 weeks, and the same for response. The safety outcome
data were extracted at latest observed time point. Lastly, we
Table 1 Characteristics of the included randomized clinical tria

Trial Intervention Setting Blinded
period

ULTRA 2
Sandborn et al. 20126

Adalimumab Europe and
North America

52 weeks

ULTRA 1
Reinisch et al. 20117

Adalimumab International 8 weeks

ACT 1
Rutgeerts et al. 20058;
Feagan et al. 200721;
Sandborn et al. 200920

Infliximab International 54 weeks

ACT 2
Rutgeerts et al. 20058;
Feagan et al. 200721;
Sandborn et al. 200920

Infliximab International 30 weeks

IBDQ, inflammatory bowel disease questionnaire.
extracted data for all relevant trial characteristics and
intervention characteristics (e.g., adalimumab and infliximab
doses). Data on all outcomes and baseline characteristics were
extracted for patients with no prior experience to anti-TNFs.
However, when data was not reported separately for this
population group (i.e., adverse events in ULTRA-2), data was
extracted for the entire patient cohort.
2.5. Assessment of similarity between trials

A key assumption of indirect treatment comparison meta-
analysis is that trials across comparisons are similar with
respect to their designs and enrolled patient populations.
The similarity of trial designs was assessed with respect to
enrolment procedure, patient eligibility criteria, and out-
come definitions. The similarity of patient populations was
assessed with respect to the extracted baseline character-
istics. These assessments were all descriptive in nature.
Heterogeneity between trials within each RCT informed
comparison (i.e., adalimumab vs placebo and infliximab vs
placebo) as valid and reliable estimation is not possible with
a very small number of trials (i.e., 2–3 per comparison, see
Table 1).13
2.6. Analysis

We performed Bayesian indirect treatment comparison meta-
analysis to estimate the relative efficacy of adalimumab versus
infliximab. The Bayesian analyses were performed using
WinBUGS v1.4.3.14 We also obtained estimates of adalimumab
versus placebo and infliximab versus placebo. The analysis
considered only Food and Drug Administration (FDA) approved
doses of adalimumab (initial dose of 160 mg, a second dose two
weeks later of 80 mg, and a maintenance dose of 40 mg every
other week) and infliximab (5 mg/kg at week 0, 2, and 6, and
then at every 8 weeks).

Given that a degree of heterogeneity was expected
between RCTs and across comparisons, a random-effects
model of indirect treatment comparison meta-analysis was
employed.16,17 However, in the face of few RCTs, heteroge-
neity estimation becomes highly unreliable. Therefore, we
ls.

No. pts Patient setting and
severity

Outcomes of interest assessed

295 Outpatients,
moderate–severe UC

Remission, response, mucosal
healing, IBDQ response

390 Outpatients,
moderate–severe UC

Remission, response, mucosal
healing

364 Outpatients,
moderate–severe UC

Remission, response, mucosal
healing, IBDQ response,
colectomy

364 Outpatients,
moderate–severe UC

Remission, response, mucosal
healing, IBDQ response,
colectomy

6 August 2022
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decided a priori to stabilize the heterogeneity estimation by
using heterogeneity variance priors empirically established
by Turner et al. 18 In situations where only one trial was
available per comparison (i.e., adalimumab versus placebo
and infliximab versus placebo), heterogeneity could not be
estimated; therefore a fixed-effect model Bayesian indirect
treatment comparison meta-analysis was used.

For all outcomes, odds ratios with associated 95% credible
intervals (CrIs) were calculated for the comparisons of
adalimumab versus infliximab, adalimumab versus placebo,
and infliximab versus placebo. For clinical remission and
clinical response at 8 and 52 weeks, the expected propor-
tions in the placebo, adalimumab, and infliximab groups
were calculated. The placebo proportions were obtained by
pooling across all trials, whereas the adalimumab and
infliximab proportions were obtained by linking the propor-
tions to the estimated odds ratios in the Bayesian (logistic
regression) model.19
rom
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3. Results

3.1. Evidence-base

Five publications representing four RCTs met the inclusion
criteria (two of these RCTs assessed adalimumab6,7 and two
assessed infliximab.8,20,21) Table 1 lists the characteristics of
each of the included RCTs. Eleven publications were
excluded following full-text review.15,22–31 Reasons for
excluding these publications are presented in Table A of
the Appendix. A schematic of the study selection process is
provided in Fig. 1.

Data for all considered outcomes, except for colectomy,
were available for both adalimumab and infliximab, and thus
indirect treatment comparisons were possible for these
outcomes. All trials provided data on one or more of the
8 week efficacy outcomes,6–8,15,21 whereas two trials pro-
vided randomized data for the 52 week efficacy outcomes
(and sustained efficacy outcomes).6,8 Sustained efficacy in
one trial (ULTRA 2) was additionally conditional on 30 week
efficacy. Four trials provided randomized data on the safety
outcomes (at last observed time point), whereas two
provided data for the 52 week safety outcomes.6,8 Note,
the 52 week results from the ULTRA 1 trial was not included
given that patients that did not have a response in the
placebo were allowed to cross-over to adalimumab; one trial
109 publications identified and 
screened

16 publications retrieved for 
full-text review

5 publications representing 4 
randomized clinical trials were 

included

Figure 1 Schematic of the pu
reported results for hospitalized patients, and of the
considered efficacy and safety outcomes, this trial reported
on 8 week remission.15
3.2. Assessment of similarity between trials

Table 1 presents the characteristics included in each RCT,
and Table 2 presents the demographic characteristics of
patients included in each RCT. Overall the study settings
were similar for four trials ULTRA 1, ULTRA 2, ACT 1, and
ACT 2 (with the exception of the anti-TNF intervention).
However, some potentially important differences should
be noted. First, in ULTRA 1 (Reinisch et al., 2011), patients
that had been enrolled before an important protocol
amendment were also considered included in the safety
outcome reporting,7 and in ULTRA 2, safety outcomes were
not reported separately for anti-TNF-naïve (60% patients)
and anti-TNF-exposed responders (40% of patients).6 For the
52 week outcomes, the ULTRA 2 and ACT 2 trials differed in
patient follow-up. The ACT 2 trial randomized patients to a
52 week course of infliximab or placebo and did not
allow any modifications to the assigned intervention (or
placebo) during the 52 weeks. The ULTRA 2 trial allowed
patients with inadequate response at 12 weeks or later to
either switch to adalimumab (if originally randomized
to placebo) or escalate their dose (if originally randomized
to adalimumab). However, patients who chose to switch
were analyzed using ‘non-responder imputation’, which
assumes that patients would have remained non-responders
had they continued the full 52 weeks of treatment. For the
sustained outcomes, ACT 2 also required sustained remis-
sion/response at the 30 week time point in addition to the 8
and 54 week time points.

The patient baseline characteristics were also similar for
these four studies. Particularly, the proportion of males,
age, weight, baseline disease duration, baseline Mayo score,
the proportion of patients on the concomitant medications,
and the proportion of patients with total/extensive UC
versus distal/left-sided UC were highly similar across these
four trials. For baseline C-reactive protein (CRP), the mean
values were similar but the median values were slightly
higher for the ACT 1 and ACT 2 trials. The proportion of
patients with CRP elevation were also slightly higher in ACT 1
and ACT 2 than in ULTRA 2 (not reported in ULTRA 1),
however, the threshold determining elevation was also
11 publications excluded after 
full-text review 

93 publications excluded after 
initial screening

blication selection process.

022



Table 2 Baseline patient characteristics of the included randomized clinical trials.

ULTRA 2 ULTRA 1 ACT 1 ACT 2

Sandborn et al. 20126 Reinisch et al. 20117 Rutgeerts et al. 20058; Feagan et al.
200721; Sandborn et al. 200920

Rutgeerts et al. 20058; Feagan et al.
200721; Sandborn et al. 200920

Placebo ADA Placebo ADA ADA Placebo INF INF Placebo INF INF

160 mg 80 mg 160 mg 5 mg/kg 10 mg/kg 5 mg/kg 10 mg/kg

No. patients randomized 246 248 130 130 130 121 121 122 123 121 120
Male sex 61.8% 57.3% 63.1% 60.0% 63.8% 59.5% 64.5% 59.0% 57.7% 62.8% 56.7%
Age (years) 41.3 a 39.6 a 37.0 b 40.0 b 36.5 b 41.4 a 42.4 a 41.8 a 39.3 a 40.5 a 40.3 a

Weight (kg) 77.1 a 75.3 a 78.7 a 76.8 a 75.5 a 76.8 a 80.0 a 76.9 a 76.1 a 78.4 a 79.6 a

Disease duration (years) 8.5 a 8.1 a 5.4 b 6.9 b 6.1 b 6.3 a 5.9 a 8.4 a 6.5 a 6.7 a 6.5 a

Mayo score 8.9 a 8.9 a 8.7 a 9.0 a 8.8 a 8.4 a 8.5 a 8.4 a 8.5 a 8.3 a 8.3 a

Concomitant therapy
Corticosteroids 56.9 60.5 68.5 56.9 54.6 65.3 57.9 59.8 48.8 49.6 55.0
Aminosalicylates 63.0 58.9 75.4 76.2 80.8 70.2 67.8 70.5 72.4 76.0 75.8
Azathioprine 32.5 37.5 NR NR NR 29.8 37.2 36.1 28.5 33.9 30.8
Immunosuppressants NR NR NR NR NR 43.8 54.5 48.4 43.9 43.0 41.7

C-reactive protein (CRP)
Mean (SD) (mg/dL) 1.3 (3.7) 1.5 (3.2) NR NR NR 1.7 (2.7) 1.4 (1.9) 1.6 (2.3) 1.6 (2.9) 1.3 (2.3) 1.4 (2.2)
Median (mg/dL) 0.4 0.4 0.3 0.6 0.3 0.8 0.9 1.0 0.6 0.8 0.6
% elevated 47.2 c 45.7 c NR NR NR 62.2 d 65.0 d 66.9 d 59.5 d 63.3 d 53.8 d

Disease location
Total/extensive 48.8% 48.4% 56.2% 53.8% 46.2% 45.0% 47.1% 44.6% 41.7% 40.7% 37.5%
Distal/left-sided 51.2% 51.6% 43.8% 46.1% 53.8% 55.0% 52.9% 55.4% 58.3% 59.3% 62.5%

Note: Baseline characteristics for the Sandborn et al. 2012 (ULTRA 2) trial were not stratified by prior anti-TNF experience in the source publication and are therefore presented for the entire
population. NR, not reported; NA, not applicable; ADA, adalimumab; INF, infliximab.

a Mean.
b Median.
c C-reactive protein elevation threshold of 0.494 mg/dL.
d C-reactive protein elevation threshold of 0.6 mg/dL.
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higher in the ACT 1 and ACT 2 trials, and thus, would result in
a higher proportion of elevations.
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3.3. Indirect treatment comparison meta-analysis

The results of the direct and indirect treatment comparison
meta-analyses for all efficacy outcomes are presented in
Table 3, and Table B in the Appendix presents the number of
events for each outcome, as reported in the individual RCTs.
The derived proportions of clinical remission and clinical
response at 8 weeks and 52 weeks are presented in Fig. 2,
and Table C in the Appendix presents these proportion
estimates with their associated 95% CrIs. The results for the
two safety outcomes are presented in Table 4, and Table D in
the Appendix presents the number of event for each safety
outcome, as presented in the individual RCTs.

When compared with placebo, adalimumab and infliximab
both yielded statistically significant improvements over placebo
for the majority of the efficacy outcomes (the exceptions were
adalimumab for mucosal healing at 8 weeks, adalimumab for
sustained remission, and infliximab for colectomy at 52 weeks;
see Table 3). Indirect treatment comparison meta-analyses of
adalimumab versus infliximab are shown in Table 3. At 8 weeks,
adalimumab was statistically less effective than infliximab in
producing clinical remission (OR = 0.42, 95% CrI 0.17–0.97),
clinical response (OR = 0.45, 95% Cri 0.23–0.89), and mucosal
healing (OR = 0.46, 95% CrI 0.25–0.84). However, at 52 weeks
adalimumab was not statistically different from infliximab for
achieving clinical remission (OR = 0.72, 95% CrI 0.31–1.76),
clinical response (OR = 0.54, 95% CrI 0.24–1.13) or mucosal
healing (OR = 0.51, 95% CrI 0.23–1.11) (Table 3). Similarly, for
sustained clinical remission, adalimumab was not statistically
different from infliximab (OR = 0.52, 95% CrI 0.16–1.20).
However, adalimumab was associated with statistically lower
Table 3 Bayesian indirect treatment comparison odds ratio esti

Outcome Indirect treatment comparison of
Adalimumab versus Infliximab OR (95% C

Results at 8 weeks
Clinical remission 0.42 (0.17–0.97)
Clinical response 0.45 (0.23–0.89)
Mucosal healing 0.46 (0.25–0.84)
IBDQ response 0.84 (0.48–1.50)
Colectomy –

Results at 52 weeks
Clinical remission 0.72 (0.31–1.76)
Clinical response 0.54 (0.25–1.13)
Mucosal healing 0.50 (0.23–1.11)
IBDQ response –
Colectomy –

Results sustained
Sustained remission 0.52 (0.16–1.20)
Sustained response 0.53 (0.24–0.98)

Note: For the indirect treatment comparison, odds ratios smaller than
group (i.e., favors infliximab). For the placebo comparisons, odds ratios
adalimumab and infliximab groups. All analyses are based on anti-TNF n
not included).
IBDQ, inflammatory bowel disease questionnaire; OR, odds ratio; CrI,
odds of sustaining response compared with infliximab (OR =
0.53, 95% CrI 0.24–0.98).

For the safety outcomes, adalimumab and infliximab
were equally likely to result in a serious adverse event or
discontinuation due to an adverse event when compared
with placebo. None of the safety outcome comparisons was
statistically significant (Table 4).

4. Discussion

The results of this indirect treatment comparison meta-
analysis show a statistical benefit of infliximab over
adalimumab for producing clinical remission, clinical re-
sponse and mucosal healing at 8 weeks. At 52 weeks the
estimated relative odds of maintaining these outcomes were
similarly higher with infliximab. However, due to the lower
proportion of patients maintaining these outcomes at
52 weeks as well as limited evidence (only two RCTs),
results were not statistically different.

There are several advantages and drawbacks to this
meta-analysis. First, no published systematic review or
meta-analysis has previously compared infliximab and
adalimumab using indirect treatment comparison or Bayes-
ian multiple treatment comparison techniques. These
techniques are the only reliable statistical methods for
comparing interventions that have not been evaluated
head-to-head in randomized clinical trials.12 Further, indi-
rect treatment comparison meta-analysis is now widely
embraced by health technology assessment agencies across
the world,19 and several studies have validated this
approach.32–35 Thus, the indirect treatment comparison
meta-analyses presented in this article are the first to
establish comparative effectiveness of adalimumab versus
infliximab for the treatment of ulcerative colitis.
mates and 95% credible intervals from the efficacy analysis.

rI)
Placebo comparisons

Adalimumab OR (95% CrI) Infliximab OR (95% CrI)

2.22 (1.23–3.98) 5.26 (2.94–9.99)
1.87 (1.18–2.97) 4.15 (2.53–6.82)
1.51 (0.96–2.39) 3.26 (2.21–0.84)
1.98 (1.24–3.18) 2.36 (1.72–3.25)
– 4.86 (1.37–17.2)

1.99 (1.08–3.89) 2.73 (1.50–5.14)
1.81 (1.09–3.05) 3.39 (1.94–6.06)
1.91 (1.12–3.31) 3.77 (2.12–6.89)
1.73 (1.02–2.92) –
– 1.32 (0.78–2.25)

1.81 (0.77–4.23) 3.49 (1.51–8.08)
2.08 (1.20–3.60) 3.89 (2.11–7.16)

1.00 indicate relatively lower number of events in the adalimumab
larger than 1.00 indicate relatively higher number of events in the
aïve patient data only (i.e., anti-TNF-IR patients from ULTRA were

credible interval.

1/565224 by guest on 16 August 2022



Figure 2 Proportion of patients with expected clinical remissions and clinical responses at 8 weeks and 52 weeks with adalimumab,
infliximab, and no treatment, respectively. These proportions are mathematical transformations of the odds ratio estimates. The
8-week difference in proportions between infliximab and adalimumab can be considered statistically significant, whereas the
52-week results should not.
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This study employed rigorous eligibility criteria to ensure
comparability of trials bothwithin comparisons (i.e., infliximab
versus placebo and adalimumab versus placebo) and between
comparisons; as such comparability is quintessential for the
validity of indirect treatment comparison meta-analysis.
However, some differences in trial settings were observed.
Safety outcomes from ULTRA 2 were only available for a mix
of anti-TNF-naïve and anti-TNF-exposed patients. Since
anti-TNF-exposed patients are generally at a more advanced
stage of the disease, a relatively larger portion of adverse
events may be disease-related rather than treatment-related,
and efficacy results could be attenuated. For the efficacy
Table 4 Bayesian indirect treatment comparison odds ratio estim

Outcome Indirect treatment comparison of
Adalimumab versus Infliximab OR (

Results at any time point
Serious AEs 1.21 (0.53–2.78)
Discontinuations due to AEs 1.45 (0.49–4.16)

Results at 52 weeks
Serious adverse events (AEs) 1.23 (0.43–3.47)
Discontinuations due to AEs 0.72 (0.20–2.53)

Note: For the indirect treatment comparison, odds ratios larger than 1
discontinuations due to AEs in the adalimumab group (i.e., favors inflix
indicate relatively lower number of adverse events or discontinuations
AE, adverse event; OR, odds ratio; CrI, credible interval.
measures, the ‘non-responder imputation’ in ULTRA 2 may
have downward biased both the estimated placebo and
adalimumab efficacy at 52 weeks. Lastly, the more rigorous
definition of sustained remission/response in the ACT 2 trials
may have downward biased efficacy estimates in both the
placebo and infliximab groups.

Another limitation of this indirect treatment comparison
meta-analysis is the small number of trials and patients
available for some of the outcomes. Outcomes at 8 weeks
were informed by all trials, but outcomes at 52 weeks were
only informed by two trials. Limited reporting of important
outcomes such as IBDQ response and colectomy is also a
ates and 95% credible intervals from the safety analysis.

95% CrI)
Placebo comparisons

Adalimumab OR (95% CrI) Infliximab OR (95% CrI)

0.79 (0.43–1.42) 0.65 (0.36–1.13)
0.67 (0.35–1.30) 0.47 (0.21–1.05)

0.98 (0.49–1.95) 0.79 (0.37–1.70)
0.65 (0.31–1.33) 0.90 (0.32–2.52)

.00 indicate relatively higher number of adverse events of
imab). For the placebo comparisons, odds ratios smaller than 1.00
due to AEs in the adalimumab and infliximab groups.
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limiting factor. Safety outcome data retrieved from the
adalimumab trials were reported for marginally greater
patient cohorts that were not used for the efficacy analysis.

There are a number of clinical implications associated
with the findings of this indirect treatment comparison. It is
important to keep in mind that not all patients will have a
favorable response at 8 weeks, and even for those who do,
over half may have a loss of response to therapy within one
year. Currently, there are no biomarkers available to predict
which treatment patients are most likely to respond with,
and so, clinicians may want to rely on the reported
probabilities (Fig. 2) to inform patients of remission and
response rates. Evidence on long-term (52 weeks) compar-
ative efficacy of the two anti-TNFs is limited. While
additional placebo comparison trials of adalimumab and
infliximab seem a sub-optimal use of resources, further
subgroup analyses of the existing trial data, and perhaps a
head-to-head trial could provide additional insight. It is also
important to note that the lower efficacy of adalimumab
may be due to dosing issues. Current ongoing RCTs are
exploring other dosing regimens of adalimumab with the aim
to attain similar efficacy as infliximab. Lastly, one should
not ignore that differences in administration may become
the key factor to deciding between the two anti-TNFs.
Adalimumab is given subcutaneously every 2 weeks, whereas
infliximab administered intravenously, but only every
8 weeks once the loading dose is over. Adalimumab may
therefore be preferable to patients due to its less invasive
nature, however, adalimumab may also be less preferable
due to the inconvenience of receiving treatment every
2 weeks rather than every 8 weeks.

In summary, our findings suggest that at 8 weeks
infliximab is more efficacious than adalimumab for attaining
clinical remission, response and mucosal healing among
patients with moderate to severe ulcerative colitis. Due to a
lower proportion of patients maintaining these induction
outcomes till 52 weeks, more evidence is needed to confirm
that whether the superiority of infliximab is sustained in the
long term.
Table A Publications excluded after detailed evaluation.

Study Principal reason fo

Colombel et al. 201123 Follow-up to Rutge
Gustavsson et al. 201026 Follow-up to Jarne
Oussalah et al. 200828 All patients have a
Ferrante et al. 200724 Not a placebo cont
Reinisch et al. 200730 Follow-up to Rutge
Jarnerot et al. 200515 Included only hosp
Armuzzi et al. 200422 All patients are no
Ochsenkuhn et al. 200427 All patients are no
Gornet et al. 200325 Not a placebo cont
Probert et al. 200329 Outcomes only pro
Sands et al. 200131 Outcomes only pro
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Appendix A
r exclusion

erts et al. 2005; no relevant data for current meta-analysis
rot et al. 2005; no relevant data for current meta-analysis
n inadequate response to infliximab
rolled study
erts et al. 2005; no relevant data for current meta-analysis
italized patients
t inadequate responders to conventional (i.e. steroid) therapy
t inadequate responders to conventional (i.e. steroid) therapy
rolled study
vided at 6 weeks
vided at 2 weeks
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Table B Number of events for each efficacy outcome.

ULTRA 2
Sandborn et al. 20126

ULTRA 1
Reinisch et al. 20117

ACT 1
Rutgeerts et al. 20058; Feagan et al.
200721; Sandborn et al. 200920

ACT 2
Rutgeerts et al. 20058; Feagan et al.
200721; Sandborn et al. 200920

Placebo ADA
160 mg

Placebo ADA
80 mg

ADA
160 mg

Placebo INF
5 mg/kg

INF
10 mg/kg

Placebo INF
5 mg/kg

INF
10 mg/kg

Randomized, n 145 150 130 130 130 121 121 122 123 121 120
Results at 8 weeks
Clinical remission, n (%) 16 (11.0) 32 (21.3) 12 (9.2) 13 (10.0) 24 (18.5) 18 (14.9) 47 (38.8) 39 (32.0) 7 (5.7) 41 (33.9) 33 (27.5)
Clinical response, n (%) 56 (38.6) 89 (59.3) 58 (44.6) 67 (51.5) 71 (54.6) 45 (37.2) 84 (69.4) 75 (61.5) 36 (29.3) 78 (64.5) 83 (69.2)
Mucosal healing, n (%) 51 (35.2) 74 (49.3) 54 (41.5) 49 (37.7) 61 (46.9) 41 (33.9) 75 (62.0) 72 (59.0) 38 (30.9) 73 (60.3) 74 (61.7)
IBDQ response, n (%) 75 (51.7) 102 (68.0) – – – * * * * * *
Colectomy, n (%) – – – – –

Results at 52 weeks
Clinical remission, n (%) 18 (12.4) 33 (22.0) – – – 20 (16.5) 42 (34.7) 42 (34.4) – – –
Clinical response, n (%) 35 (24.1) 55 (36.7) – – – 24 (19.8) 55 (45.5) 54 (44.3) – – –
Mucosal healing, n (%) 28 (19.3) 47 (31.3) – – – 22 (18.2) 55 (45.5) 57 (46.7) – – –
IBDQ response, n (%) 31 (21.4) 48 (32.0) – – – – – – – – –
Colectomy, n (%) ** ** ** ** ** **

Results sustained from 8 weeks to 52 weeks
Clinical remission, n (%) 9 (6.2) 16 (10.7) – – – – – – 8 (6.6) 24 (19.8) 25 (20.5)
Clinical response, n (%) 24 (16.6) 44 (29.3) – – – – – – 17 (14.0) 47 (38.8) 45 (36.9)

ACT 1 and ACT 2
Feagan et al. 200721

Placebo INF
5 mg/kg

INF
10 mg/kg

Randomized, n 244 242 242
Results at 8 weeks
IBDQ response, n (%) *121 (49.6) *169 (69.7) *164 (67.8)

ACT 1 and ACT 2
Sandborn et al. 200920

Placebo INF
5 mg/kg

INF
10 mg/kg

Randomized, n 244 242 242
Results at 52 weeks
Colectomy, n (%) ** 36 (15) **28(11) **18 (7)

Note: Events for ULTRA 2 trial are presented for those with no prior anti-TNF experience.
* in the first table refers to the second table.
** in the first table are refers to the third table.
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Table C Expected proportion of clinical remissions and clinical responses derived from the Bayesian indirect treatment
comparison.

Outcome Placebo (control) Adalimumab Infliximab

Results at 8 weeks
Clinical remission 10% (7%–14%) 20% (11%–33%) 37% (23%–55%)
Clinical response 38% (32%–44%) 53% (40%–66%) 72% (59%–82%)

Results at 52 weeks
Clinical remission 14% (11%–18%) 25% (14%–41%) 31% (18%–47%)
Clinical response 22% (18%–28%) 34% (22%–49%) 49% (34%–65%)

Table D Number of events for each safety outcome.

Sandborn
et al. 2012

Reinisch et al. 20117 Rutgeerts et al. 2005 Rutgeerts et al. 2005

(ULTRA 2)6 (ACT 1)8 (ACT 2)8

Placebo ADA Placebo ADA ADA Placebo INF INF Placebo INF INF

160 mg 80 mg 160 mg 5 mg/kg 10 mg/kg 5 mg/kg 10 mg/kg

Randomized, n 260⁎ 257⁎ 223⁎⁎ 130 223⁎⁎ 121 121 122 123 121 120
Results at 8 weeks
Serious adverse
events, n (%)

– – 17 (13.1) 9 (6.9) 19 (14.6) – – – – – –

Discontinuation
due to AEs,
n (%)

– – 5 (3.8) 6(4.6) 4 (3.0) – – – – – –

Results at 30 weeks
Serious adverse
events, n (%)

– – – – – – – – 24 (19.5) 13 (10.7) 11 (9.2)

Discontinuation
due to AEs,
n (%)

– – – – – – – – 12 (10.0) 2 (1.6) 5 (4.2)

Results at 52 weeks
Serious adverse
events, n (%)

32 (12.3) 31 (12.1) – – – 31 (25.6) 26 (21.5) 29 (23.8) – – –

Discontinuation due
to AEs, n (%)

34 (13.1) 23 (8.9) – – – 11 (9.1) 10 (8.3) 11 (9.0) – – –

⁎ Patient population consists of both anti-TNF naïve and anti-TNF-inadequate responders.
⁎⁎Patient population consists of patients from the original protocol and the amended protocol (the latter which the efficacy results are
based on).
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