
Clinical Gastroenterology and Hepatology 2015;13:2233–2240
SYSTEMATIC REVIEWS AND META-ANALYSES
Fasiha Kanwal, Section Editor
Effects of Concomitant Immunomodulator Therapy on Efficacy
and Safety of Anti–Tumor Necrosis Factor Therapy for Crohn’s
Disease: A Meta-analysis of Placebo-controlled Trials
Jennifer L. Jones,* Gilaad G. Kaplan,‡ Laurent Peyrin-Biroulet,§ Leonard Baidoo,k

Shane Devlin,‡ Gil Y. Melmed,¶ Divine Tanyingoh,‡ Laura Raffals,# Peter Irving,**
Patricia Kozuch,‡‡ Miles Sparrow,§§ Fernando Velayos,kk Brian Bressler,¶¶

Adam Cheifetz,## Jean-Frederic Colombel,*** and Corey A. Siegel‡‡‡

*Dalhousie University, Halifax, Canada; ‡University of Calgary, Calgary, Canada; §Inserum U954 and Université de Lorraine,
Nancy, France; kUniversity of Pittsburgh, Pittsburgh, Pennsylvania; ¶Cedars-Sinai Medical Center, Los Angeles, California;
#Mayo Clinic, Rochester, Minnesota; **Guy’s and St Thomas’ Hospitals, London, United Kingdom; ‡‡Jefferson University,
Philadelphia, Pennsylvania; §§The Alfred Hospital, Melbourne, Australia; kkUniversity of California San Francisco, San Francisco,
California; ¶¶University of British Columbia, Vancouver, Canada; ##Beth Israel Deaconess Medical Center, Boston,
Massachusetts; ***Icahn School of Medicine at Mount Sinai, New York, New York; and ‡‡‡Dartmouth-Hitchcock Medical
Center, Lebanon, New Hampshire

This article has an accompanying continuing medical education activity on page e178. Learning Objectives–Upon completion of this activity,
successful learners will be able to describe the evidence related to the role of combination therapy in patients previously exposed to immuno-
modulator therapy who are starting anti-tumor necrosis factor therapy, and identify deficiencies in research related to the role of combination
therapy in immunomodulator-experienced patients who are starting anti-tumor necrosis factor therapy.
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There is debate over whether patients with Crohn’s disease who start anti–tumor necrosis
factor (TNF) therapy after failed immunomodulator therapy should continue to receive
concomitant immunomodulators. We conducted a meta-analysis of subgroups from randomized
controlled trials (RCTs) of anti-TNF agents to compare the efficacy and safety of concomitant
immunomodulator therapy vs anti-TNF monotherapy.
METHODS:
 We performed a systematic review of literature published from 1980 through 2008 and iden-
tified 11 RCTs of anti-TNF agents in patients with luminal or fistulizing Crohn’s disease. We
excluded RCTs of patients who were naive to anti-TNF and immunomodulator therapy. The
primary end points were clinical response at weeks 4–14 and 24–30 and remission at weeks
24–30. Secondary end points included infusion site or injection site reactions and selected
adverse events. A priori subgroup analyses were performed to evaluate fistula closure and the
efficacy and safety of combination therapy with different anti-TNF agents.
RESULTS:
 Overall, combination therapy was no more effective than monotherapy in inducing 6-month
remission (odds ratio [OR], 1.02; 95% confidence interval [CI], 0.80–1.31), inducing a
response (OR, 1.08; 95% CI, 0.79–1.48), maintaining a response (OR, 1.53; 95% CI, 0.67–3.49),
or inducing partial (OR, 1.25; 95% CI, 0.84–1.88) or complete fistula closure (OR, 1.10; 95% CI,
0.68–1.78). In subgroup analyses of individual anti-TNF agents, combination therapy was not
more effective than monotherapy in inducing 6-month remission in those treated with inflix-
imab (OR, 1.73; 95% CI, 0.97–3.07), adalimumab (OR, 0.88; 95% CI, 0.58–1.35), or certolizumab
(OR, 0.93; 95% CI, 0.65–1.34). Overall, combination therapy was not associated with an increase
in adverse events, but inclusion of infliximab was associated with fewer injection site reactions
(OR, 0.46; 95% CI, 0.26–0.79.)
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CONCLUSIONS:
 On the basis of a meta-analysis, continued use of immunomodulator therapy after starting anti-
TNF therapy is no more effective than anti-TNF monotherapy in inducing or maintaining
response or remission. RCTs are needed to adequately assess the efficacy of continued
immunomodulator therapy after anti-TNF therapy is initiated.
Keywords: IBD; Immune Suppression; Clinical Trial; Inflammatory Bowel Disease.
Watch this article’s video abstract and others at
http://bit.ly/1C2wSLn.
Scan the quick response (QR) code to the left
with your mobile device to watch this article’s
video abstract and others. Don’t have a QR code
reader? Get one by searching ‘QR Scanner’ in
your mobile device’s app store.
Anti–tumor necrosis factor (anti-TNF) agents are
efficacious for the induction and maintenance of

clinical remission in patients with luminal and fistulizing
Crohn’s disease.1–12 A major debate has been whether
the concomitant use of immunomodulators (IMs) such as
azathioprine, 6-mercaptopurine, and methotrexate adds
value for efficacy in those previously exposed to IMs
and influences the risk of adverse events.13 The rationale
to continue a drug that is not working is that combina-
tion therapy may increase clinical efficacy of the anti-
TNF agent through decreased drug clearance and
through additive immune modifying effects.14

The available data comparing clinical efficacy of com-
bination therapy (ie, anti-TNF plus IM) with monotherapy
(ie, anti-TNF alone) have been inconsistent.15 Initially, post
hoc analyses of large randomized controlled clinical trials
(RCTs) suggested that combination therapy was no more
effective than monotherapy.16 These data, together with a
fear that combination therapy increased the risk of infec-
tion17 and lymphoma (including the often fatal hep-
atosplenic T-cell lymphoma),18 led to recommendations
for the use of anti-TNF monotherapy. In 2010, a landmark
RCT (SONIC) demonstrated that combination therapywith
azathioprine and infliximab was more efficacious than
therapy with either agent alone.19 The emergence of these
data led to recommendations for the use of combination
therapy.

However, the results of SONIC may not be extrapolat-
able to other patientswith Crohn’s disease or to other anti-
TNF therapies (ie, adalimumab and certolizumab), and
more recent data20,21 suggest that theremay be legitimate
safety concerns related to IM use to consider before using
combination therapy.22 Subjects in SONIC were naive to
both IM and anti-TNF therapy, and most had a short dis-
ease duration.19 In contrast, most RCTs preceding SONIC
enrolled patients with longer disease duration, the ma-
jority of whom had been previously exposed to (and
failed) IMs. Whether infliximab, a chimeric antibody with
incorporated mouse protein, is more immunogenic than
fully human or humanized pegylated monoclonal anti-
body, such as adalimumab and certolizumab, remains
debated because all biologics have the potential for
immunogenicity.1,5,23–26 Combination therapy with IM
and adalimumab appears to be more effective than ada-
limumab alone in rheumatoid arthritis.27

Our primary clinical question was whether patients
with Crohn’s disease starting anti-TNF therapy who have
failed IMs should continue with concomitant IMs. A
traditional meta-analysis of RCTs cannot accurately
compare the efficacy of monotherapy versus combina-
tion therapy because published RCTs report summary
estimates of efficacy of the entire cohort rather than by
individual patient exposure to monotherapy versus
combination therapy. Thus, to directly compare patients
who were taking anti-TNF monotherapy with those
receiving combination therapy across the 3 available
anti-TNF agents, we obtained patient-level data from 3
different pharmaceutical companies for RCTs of anti-TNF
therapy for Crohn’s disease. Although imperfect, the only
way to currently address this important clinical question
is to use subgroups from the RCTs considering only the
anti-TNF exposed patients and compare patients who
were and were not treated with a concomitant IM.
Therefore, we performed a systematic review and meta-
analysis of patient subgroups to compare the efficacy and
safety of combined anti-TNF and IM therapy versus anti-
TNF monotherapy across Crohn’s disease RCTs.

Methods

Eligibility Criteria and Literature Search

Systematic English language searches of the following
online medical databases were performed: (1) Embase,
(2) Medline, and (3) Web of Science. These databases
were searched between 1980 and 2008 for relevant ar-
ticles or abstracts published in peer-reviewed journals or
in all conference proceedings identifiable through the
Web of Science between 1980 and 2008 (American
Gastroenterological Association, United European
Gastroenterology Week, European Culture Collection
Organisation, and American College of Gastroenterology).
Studies eligible for inclusion included (1) manuscripts
that were RCTs, (2) studies published in the English
language, (3) studies that included adult subjects with
Crohn’s disease where some were treated with anti-TNF
agents as monotherapy and others with treatment with
anti-TNF agents in combination with IMs, (4) studies that
had data available for response and remission rates at
weeks 4–14 and/or 24–30 weeks, and (5) studies that

http://bit.ly/1C2wSLn


Table 1. Summary of Studies Included in the Meta-analysis

Author Year Agent

No. of patients

Yes IM No IM

Hanauer et al, (CLASSIC I) 2006 Adalimumab 22 54
Colombel et al, (CHARM) 2007 Adalimumab 156 173
Sandborn et al, (GAIN) 2007 Adalimumab 73 86
Sandborn et al,

(CLASSIC II)
2007 Adalimumab 9 28

Sandborn et al,
(PRECISE 1)

2007 Certolizumab
pegol

126 205

Schreiber et al,
(PRECISE 2)

2007 Certolizumab
pegol

87 128

Targan et al 1997 Infliximab 27 48
Present et al 1999 Infliximab 26 31
Rutgeerts et al 1999 Infliximab 18 15
Hanauer et al, (ACCENT 1) 2002 Infliximab 53 150
Sands et al, (ACCENT 2) 2004 Infliximab 28 58
Total n 625 976

NOTE. Total number of subjects ¼ 1601.
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reported relevant safety outcomes. Time points for clin-
ical response were selected on the basis of availability of
clinical response data in the included clinical trials. Six-
month clinical remission was selected to evaluate this
outcome after an adequate exposure period to IM ther-
apy. Relevant safety outcomes included death, malig-
nancy, serious infection, and infusion and injection site
reactions, which were identified throughout the conduct
of the clinical trial and the minimum, sponsor-specific,
follow-up duration on trial completion. Studies were
excluded if they (1) lacked randomization, (2) were not
controlled, (3) included anti-TNF agents other than
infliximab, adalimumab, or certolizumab, (4) included
only subjects who were IM and anti-TNF naive, (5)
included subjects with fistulizing disease only, (6)
included pediatric subjects, and (7) included subjects
who had undergone intestinal surgery within 6 months.
We excluded RCTs for which we were not able to obtain
patient-level data from the data custodian (eg, pharma-
ceutical company). Search terms included “ileitis”,
“Crohn’s disease”, “adalimumab”, “infliximab”, “certoli-
zumab”, “cdp-870”, and “d2e7”.

Outcome Definitions and Subgroup Analyses

The primary outcome of interest, defined a priori, was
maintenance of remission between 24 and 30 weeks
(6 months) as well as clinical response or remission at
weeks 4–14 and clinical response at weeks 24–30 strati-
fied by IM use at enrollment of the RCT. Clinical response
was defined as a 100-point reduction in the Crohn’s Dis-
ease Activity Index (CDAI), when reported, or a 70-point
reduction in the CDAI regardless of corticosteroid use
(CDAI 100 defined clinical response data were requested
as the preferred response definition, and the companies
sent us what they had available). Clinical remission was
defined as CDAI <150. Secondary end points included
infusion/injection site reactions and selected adverse
events (malignancy, serious infections, and death). A pri-
ori subgroup analyses were performed to evaluate for
fistula closure and to evaluate the efficacy and safety of
Figure 1. Flow diagram of included studies.
combination therapy across individual anti-TNF agents.
Fistula closure was defined as cessation of fistula drainage
in greater than or equal to 50% of fistulae.

A Crohn’s Disease Clinical Trial Evaluating Infliximab
in a New Long-term Treatment Regimen (ACCENT) 2
was not included in the primary analysis because the
main outcome of that study was related to fistula closure.
Because a majority of patients in ACCENT 2 had active
luminal disease,28 a sensitivity analysis was performed
by adding ACCENT 2 to the analyses of induction and
maintenance of response and remission.

Data Abstraction

Three independent reviewers (J.J., S.D., L.B.) reviewed
manuscripts and abstracts identified from the database
searches (Figure 1). The references of relevant manu-
scripts were reviewed manually. Each manuscript was
critically appraised, and study characteristics were
recorded to assign Jadad quality scores by 3 independent
reviewers (J.J., L.B., C.S.) (Table 1). Requests for data
were sent in 2009 to the industry sponsors of the rele-
vant clinical trials to obtain patient-level data that were
not available in the manuscripts (Janssen Pharmaceuti-
cals Inc, UCB, and Abbott Inc). Data were requested only
for patients who received anti-TNFs throughout the
entire study period, excluding placebo-treated patients.
After a period of contract negotiation, all relevant
patient-level data were delivered by 2012. Janssen pro-
vided a 90% data cut from the infliximab studies. Data
abstraction was completed by 3 independent abstracters
(J.J., S.D., L.B.). Data extracted included the raw numbers
(n) for each of the following: IM status at baseline, age,
sex, week 4–12 and 24–30 clinical response, 6-month
clinical remission, complete and partial fistula closure,
injection site or infusion reactions, malignancies, serious
infections, and deaths.
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Data Analysis

A random-effects model was used a priori because we
assumed significant heterogeneity between studies. The
analysis was performed by using the intention-to-treat or
modified intention-to-treat population, including all pa-
tients who received anti-TNF induction therapy. Patients
randomized to placebo were not included in the analysis.
Forest plots of pooled odds ratios (ORs) with corre-
sponding 95% confidence intervals (CIs) are presented.
Heterogeneity between trials was assessed by using the
Cochran Q statistic and the I2 statistic. The test for funnel
plot asymmetry was performed by using the rank cor-
relation test by Begg and Mazumdar29 to assess for
evidence of publication bias. Meta regression was per-
formed for mean subject age and year of publication.
Stratified analyses and meta-regression were performed
in R by using the metafor package. No adjustments for
multiple testing were made because the a priori pre-
defined primary end points of interest were limited in
number.
Results

Overall, 11 studies with patient-level data on 1601
enrolled subjects were included in the meta-analysis
(Figure 1). Only subjects randomized to an anti-TNF
therapy were included. Six hundred twenty-five subjects
(40%) were on IM therapy at the time of study enrolment.
Studies included for week 4–12 response were CLASSIC
I,10 GAIN,3 and CHARM8 (adalimumab), Precise 11 and 25

(certolizumab), ACCENT 1,9 and Targan et al7 (infliximab).
For clinical remission at weeks 4–14, CLASSIC I,10 GAIN,3

and Targan et al7 were included. Studies included for 6-
month maintenance of remission were CHARM8 and
CLASSIC II10 (adalimumab), Precise 11 and 25 (certolizu-
mab), ACCENT 1,9 and Rutgeerts et al12 (infliximab). For
partial fistula closure (�50%), studies included were
CLASSIC I,10 GAIN,3 CHARM,8 CLASSIC II,2 PRECISE 1,1

PRECISE 2,5 ACCENT 2,4 and Present.11 For complete fis-
tula closure, CHARM,8 CLASSIC II,2 PRECISE 1,1 ACCENT
2,4 Present,11 and PRECISE 25 were included in the pooled
analysis (Table 1).

The overall pooled summary estimate of the odds of
clinical response between 4 to 14 weeks and 24 to 30
weeks in those on IM versus those not on IM was 1.08
(95% CI, 0.79–1.48) and 1.53 (95% CI, 0.67–3.49),
respectively. When used in combination with an IM,
infliximab (OR, 2.02; 95% CI, 1.09–3.72), but not ada-
limumab (OR, 0.88; 95% CI, 0.60–1.27) or certolizumab
(OR, 1.01; 95% CI, 0.66–1.56), was associated with
increased odds of clinical response between weeks 4 to
14. Individual agents did not demonstrate a difference
in the odds of clinical response between 24 to 30 weeks
if subjects were on IM versus no IM therapy
(Supplementary Table 1).

The overall pooled summary estimate for the odds of
clinical remission at 4–14 weeks was 1.28 (95% CI,
0.77–2.16). The overall pooled summary estimate for the
odds of clinical remission at 24–30 weeks was 1.02 (95%
CI, 0.80–1.31) (Figure 2). When anti-TNF agents were
stratified, the odds of clinical remission between 24 to 30
weeks were not significant for infliximab (IM vs no IM:
OR, 1.73; 95% CI, 0.97–3.07), adalimumab (IM vs no IM:
OR, 0.88; 95% CI, 0.58–1.35), or certolizumab (IM vs no
IM: OR, 0.93; 95% CI, 0.65–1.34 (Figure 3). The sensi-
tivity analysis adding ACCENT 2 for the overall and
infliximab only subgroup analysis is presented in
Supplementary Table 2. For the infliximab-only analysis
adding ACCENT 2, the odds of clinical remission at 24–30
weeks become significant, 1.79 (95% CI, 1.06–3.01).

The overall pooled summary estimate for the odds of
partial fistula closure in those on IM versus those not on
IM was 1.25 (95% CI, 0.84–1.88), and for complete fis-
tula closure it was 1.10 (95% CI, 0.68–1.78). Stratifica-
tion by anti-TNF agent did not influence the odds of
fistula closure (Supplementary Table 3).

The overall pooled summary estimate for adverse
events (infusion reactions, injection site reactions, malig-
nancy, serious infections, and death) of monotherapy
versus combination therapy was not significantly
different (OR, 0.71; 95%CI, 0.41–1.25). However, the odds
of developing an infusion reaction with infliximab were
significantly reduced in subjects taking IM at baseline in
comparisonwith subjects not taking an IM at baseline (OR,
0.46; 95% CI, 0.26–0.79) (Supplementary Table 4).

Publication bias was not observed (z ¼ 0.24, P ¼ .80).
Significant between-study heterogeneity was only
observed for the 6-month clinical response analysis
(tau2 ¼ 0.75, P ¼ .001), but not for clinical remission.
Stratification by specific anti-TNF agent accounted for
Figure 2. Forest plot for
pooled summary estimate
for 6-month clinical
remission. M-H, Mantel-
Haenszel.



Figure 3. Forest plots dis-
playing results for sub-
group analysis of 6-month
clinical remission by anti-
TNF agent. M-H, Mantel-
Haenszel.
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the majority of the study heterogeneity observed for the
clinical response end point.
Discussion

This meta-analysis of patient subgroups uses indi-
vidual patient-level data across the 3 approved anti-TNF
agents to assess the clinically relevant and controversial
question of whether to continue an IM when initiating
TNF therapy in patients with Crohn’s disease. To perform
this analysis, we collaborated with 3 different pharma-
ceutical companies to share original data sets from large
RCTs. The overall analysis suggests that baseline IM
exposure, after initiating an anti-TNF agent, did not
improve the odds of clinical response or remission in
comparison with no baseline IM exposure. In subgroup
analyses, the results of stratification by anti-TNF agent
did not show a difference in 6-month remission rates
between monotherapy and combination therapy. How-
ever, both with induction of treatment response and in a
sensitivity analysis for remission at 6 months, there was
a statistically significant protective effect of baseline IM
exposure versus no baseline IM exposure among those
treated with infliximab. A similar effect was not observed
among those treated with certolizumab and adalimumab.

Unlike the SONIC trial that only included subjects
who were recently diagnosed and were naive to both IMs
and anti-TNF agents, this meta-analysis included studies
that enrolled a more heterogeneous and clinically diverse
group of subjects. This study assessed Crohn’s disease
patients who were on an IM at time of study enrollment
and were mandated to continue to use the IM during the
course of the trial. Most of these individuals had by
definition failed IM therapy and were now moving on to
anti-TNF therapy. In contrast, the comparative group
included individuals who were not on an IM at the time
of study enrollment, were not prescribed an IM during
the course of the trial, and who may or may not have
been exposed to IM in the past. Therefore, this meta-
analysis addresses the clinical question of whether to
continue failed IM therapy when initiating anti-TNF
therapy. The only safety signal for which a difference
was demonstrated for monotherapy versus combination
therapy was for infliximab, where adverse events were
lower with combination therapy, which was driven by
infusion reactions.

Previous attempts at quantifying the magnitude of
clinical efficacy benefit of combination therapy versus
monotherapy in patients treated with anti-TNF inhibitors
have been made. Lichtenstein et al16 published a pooled
analysis of the results from 4 phase 3 clinical trials of
infliximab in both ulcerative colitis and Crohn’s disease
(ACT I and II and ACCENT 1 and 2). In this study it was
estimated that the rates of efficacy, infection, and serious
infection were generally similar in patients who had
received maintenance therapy either with or without an
IM.16 There was a difference in the incidence of anti-drug
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antibody formation between those receiving IM versus
those not receiving IM, which ranged from 4% to 20%.
The authors observed a protective effect of IM therapy
against infusion reactions, which was also observed in
our meta-analysis.

Although the overall analysis including all 3 anti-TNFs
did not show a benefit of combination therapy over anti-
TNF monotherapy, results of subgroup and sensitivity
analyses suggest that combination therapy may offer
benefit only in those treated with infliximab. The SONIC
study, which demonstrated a clear benefit of combination
therapy over infliximab monotherapy,19 corroborates this
observation. We believe that our results, taken together
with the results of SONIC and pharmacokinetic data sug-
gesting that the use of combination IM and anti-TNF
therapy is advantageous for the prevention of immuno-
genicity and improvement in serum concentrations of
infliximab,9,14,16,30 leave the question open that combi-
nation therapy may be more relevant for infliximab as
compared with the other anti-TNF agents.

Pharmacokinetic differences have been observed in
the past between infliximab and adalimumab. It has been
demonstrated that co-administration of azathioprine with
adalimumab had little to no impact on adalimumab
clearance.31,32 In contrast to this, the SONIC trial
demonstrated that the combination of azathioprine and
infliximab increased infliximab trough concentrations by
more than 2-fold as compared with infliximab alone.14 In
the rheumatoid arthritis literature, concomitant use of IM
clearly influences anti-drug antibody levels, trough levels,
and clinical response to both infliximab and
adalimumab.33–35 In addition, some studies show that
detectable antibodies, drug levels to anti-TNFs, and clin-
ical outcomes are influenced by concomitant IM use.24,27

It is possible that differences in the disease-related
characteristics and disease severity among those on IM
therapy at study entry may have biased the results
through confounding by indication. An unequal distribu-
tion of subjects with more severe disease to the combi-
nation therapy group would lead one to conclude that the
use of combination therapy is no more effective than
monotherapy. To address this, some of the studies
included in this meta-analysis stratified their randomiza-
tion process by baseline IM. The era in which the RCTs of
infliximab in Crohn’s disease were performed still
considered infliximab as an experimental therapy and
may have resulted in the recruitment of amore treatment-
refractory group of patients to the clinical trials. An
additional limitation is that it was not known whether
patients who were not on IM at study initiation had prior
IM exposure. On the basis of the entry criteria for the
included studies, it is likely that most subjects had
received IM in the past. We were unable to confirm this
because these historical exposure data were not obtained.

Significant between-study heterogeneity was
observed within our meta-analysis for the 6-month
clinical response outcome. The performance of a sensi-
tivity analysis stratified by study quality (Jadad score)
and anti-TNF agent revealed that the anti-TNF agent
used was responsible for most of this observed hetero-
geneity. This observation may be a result of factors
related to study design or study population. Caution
must be exercised with respect to over-interpretation of
the overall results as well as those of the subgroup
analysis because there is some degree of overlap be-
tween the CIs associated with the relative risk estimate
for each drug. Nonetheless, our a priori primary analysis
of 6-month clinical remission, which is a more clinically
relevant outcome, did not demonstrate between-study
heterogeneity.

The ACCENT 2 data were not included in the primary
analysis because of concern that the data were derived
from a clinical trial whose original primary outcome was
evaluation of fistula closure, not luminal efficacy. We
chose to include ACCENT 2 in a sensitivity analysis
because only 6% of the responders randomized to
maintenance infliximab therapy had a CDAI that was less
than 150 at enrollment.28 The rest had some level of
disease activity at enrollment; 59% had a CDAI between
150 and 220, whereas 34% had a CDAI above 220. For
the infliximab-only analysis, adding ACCENT 2 resulted
in minimal change in the point estimate but, as expected,
increased the precision of the 95% CIs (ie, the lower CI
increased from 0.97 to 1.06), which led to a statistically
significant difference in the comparison between inflix-
imab monotherapy and combination therapy. With
acknowledgment of the limitations of a sensitivity anal-
ysis, this result does raise the question of a real differ-
ence in the importance of combination therapy that is
based on anti-TNF agent used.

The results of this meta-analysis have generated
additional questions about the controversial topic of
monotherapy versus combination anti-TNF and IM
therapy. Although the SONIC trial was definitive that
Crohn’s disease patients naive to anti-TNF and IM had
better results with infliximab in combination with IM, the
relevant next questions are whether this extends to all
anti-TNFs and whether to continue an IM in those who
have failed IM therapy and are initiating anti-TNF ther-
apy. Although our results challenge the clinical impor-
tance of combination therapy in this specific scenario, it
is hard to ignore the preponderance of data to date
relating to the pharmacokinetics of anti-TNF medications
that support the approach of combination therapy over
monotherapy. Whether combination therapy has a
greater protective affect against anti-drug antibody
development and lower trough levels for all anti-TNF
agents or for patients previously exposed to anti-TNF
agents is still in question.

Our study does not address the question of mono-
therapy versus combination therapy in IM and anti-TNF
naive patients (SONIC population) for adalimumab and
certolizumab. Because the naive SONIC population was
so different from those included in the other studies,
these patients were not included in our analysis. In
addition, our ability to determine the potential influence



December 2015 Meta-analysis of Mono Versus Combination Therapy in CD 2239
of prior anti-TNF exposure on the comparative odds of
clinical remission and response was limited because of
the fact that patient-level information relating to prior
anti-TNF exposure was not obtained for studies in which
previous anti-TNF exposure was allowed. In addition, the
dose or trough level of concomitant thiopurines was not
known. This may be relevant because recent data suggest
that thiopurine dose and trough level when used with
anti-TNF therapy are associated with anti-TNF trough
levels and mucosal healing.36,37

This meta-analysis found that overall the use of
combination therapy in patients previously exposed to
IM was not associated with an increased clinical
response or remission in comparison with the use of
anti-TNF monotherapy. In subgroup and sensitivity an-
alyses, when evaluating individual agents, combination
therapy was more efficacious for infliximab, but not for
adalimumab or certolizumab pegol. This is consistent
with a recent review suggesting that there are more data
supportive of the importance of combination therapy for
infliximab.38 Because of the weight and consistency of
indirect evidence that has demonstrated the unequivocal
beneficial effect of IM on anti-drug antibody formation
and drug clearance for all anti-TNF agents, it is important
to further explore this important clinical scenario.38 Ul-
timately, patient preference and clinical and disease-
related characteristics must be taken into consideration
to come to a decision that balances risk with benefit
for the individual patient when it comes to making de-
cisions about continuing an IM when initiating an
anti-TNF.13 The results of this study emphasize the need
for a well-designed, prospective, randomized, placebo-
controlled clinical trial that uses objective measures of
disease activity and has a longer duration of follow-up to
definitively answer the question of whether concomitant
therapy is superior to monotherapy in IM-experienced
patients receiving anti-TNF therapy.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at http://dx.doi.org/10.1016/j.cgh.2015.06.034.
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Supplementary Table 1. Pooled Summary Estimates for
Odds of Clinical Response at
Weeks 4–14 and 24–30

Adverse event

Pooled summary
estimate

(OR with 95% CI)

Summary
estimate by

anti-TNF agent
(OR with 95% CI)

Week 4–14 clinical
response

1.08 (0.79–1.48)

Infliximab 2.02 (1.09–3.72)
Adalimumab 0.88 (0.60–1.27)
Certolizumab 1.01 (0.66–1.56)

Week 24–30 clinical
response

1.53 (0.67–3.49)

Infliximab 4.14 (0.52–32.68)
Adalimumab 0.84 (0.55–1.27)
Certolizumab 0.97 (0.66–1.43)

Supplementary Table 2. Sensitivity Analysis Including ACCEN
Subgroup Analysis

Overall analysis
without

ACCENT 2 pooled
OR (95% CI)

Overa
inc

ACCEN
OR (

Clinical response (4–14 weeks) 1.08 (0.79–1.48) 1.06 (0
Clinical response (24–30 weeks) 1.53 (0.67–3.49) 1.46 (0
Clinical remission (24–30 weeks) 1.02 (0.80–1.31) 1.05 (0

aStatistically significant.

December 2015 Meta-analysis of Mono Versus Combination Therapy in CD 2240.e1
T 2 for Overall (All Anti-TNF Agents) and Infliximab-Only

ll analysis
luding
T 2 pooled
95% CI)

Infliximab-only analysis
without ACCENT 2
pooled OR (95% CI)

Infliximab-only
analysis including
ACCENT 2 pooled

OR (95% CI)

.80–1.40) 2.02 (1.09–3.72)a 1.62 (0.91–2.87)

.70–3.05) 4.14 (0.52–32.68) 2.62 (0.48–14.31)

.83–1.34) 1.73 (0.97–3.07) 1.79 (1.06–3.01)a



Supplementary Table 4. Pooled Summary Estimates for
Odds of Adverse Events

Adverse event

Pooled summary
estimate

(OR with 95% CI)

Summary estimate
by anti-TNF

agent (OR with
95% CI)

Infusion reactions 0.93 (0.68–1.27)
Injection site reactions

Infliximab 0.46 (0.26–0.79)
Adalimumab 1.43 (0.91–2.25)
Certolizumab 1.33 (0.60–2.95)

Malignancy 0.80 (0.12–5.32)
Infliximab 8.6 (0.34–214.38)
Adalimumab NA
Certolizumab 0.32 (0.02–6.76)

Serious infections 1.29 (0.62–2.66)
Infliximab 0.56 (0.15–2.09)
Adalimumab 1.18 (0.30–4.60)
Certolizumab 2.54 (0.81–7.90)

Death 0.93 (0.04–23.22)
Infliximab 0.93 (0.04–23.22)
Adalimumab NA
Certolizumab NA

Supplementary Table 3. Summary Estimates for Odds of
Partial and Complete Fistula
Closure

Adverse event

Pooled summary
estimate

(OR with 95% CI)

Summary estimate
by anti-TNF
agent (OR

with 95% CI)

Partial fistula closure 1.25 (0.84–1.88)
Infliximab 0.77 (0.38–1.54)
Adalimumab 1.68 (0.65–4.31)
Certolizumab 1.59 (0.66–3.82)

Complete fistula closure 1.10 (0.68–1.79)
Infliximab 0.76 (0.38–1.52)
Adalimumab 0.93 (0.18–4.70)
Certolizumab 1.85 (0.86–3.97)
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