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Abstract

To evaluate the benefits and harms of combi-
nation of tumor necrosis factor-alpha (TNF-α)
inhibitor and methotrexate (MTX) compared
with TNF-α inhibitor monotherapy in the treat-
ment of ankylosing spondylitis (AS).
Randomized controlled trials were identified
from Medline, Embase, Cinahl, Central and
Clinical Trials Registry Platform, as well as
from the reference sections of retrieved arti-
cles. The risk of bias was evaluated in all
included trials. Data were extracted by two
reviewers independently using a specially
designed extraction form. The Cochrane
Collaboration’s Review Manager 5.2 software
was used for data analysis. The search
retrieved 852 titles, of which 3 original trials
were included, involving 187 participants. The
overall risk of bias is low in all three trials. Only
one study was placebo controlled, and all of
them examined small samples. The analysis
showed no significant advantage of the MTX
combination versus monotherapy. Two trials
assessed Assessment of Ankylosing Spondylitis
(ASAS) 40 and the pooled risk ratio (RR) was
1.37 and 95% confidence interval 0.84 to 2.23.
The RR for ASAS20 was 1.16 (0.88 to 1.52).
Likewise, there were no significant difference
between two groups in partial remission, Bath
Ankylosing Spondylitis Disease Activity Index,
Bath Ankylosing Spondylitis Functional Index,
Magnetic resonance imaging activity score and
other secondary outcomes. Withdrawals for
side effects and for any reason were similar in
two groups, RR were 1.89 (0.71 to 5.02) and
1.11 (0.67 to 1.84), respectively. The evidence
available did not support any benefit of adding
MTX to TNF-α inhibitor for the treatment of AS. 

Introduction

Ankylosing spondylitis (AS) is a chronic
inflammatory disease of unknown cause and
belongs to a group of diseases known as
spondyloarthropathies (SpA), which includes

reactive arthritis, arthritis/spondylitis in
inflammatory bowel disease, psoriatic arthri-
tis/spondylitis and undifferentiated SpA. The
disease starts usually in the third decade of
life, and manifests more often in men than in
women (ratio 2:1).1 Disease progression may
result in loss of mobility and function, and
therefore patients can experience a heavy dis-
ease burden, with pain and stiffness, loss of
physical function, and severe impairment in
quality of life.2,3

Nonsteroidal anti-inflammatory drugs
(NSAIDs) are the cornerstone of pharmaceuti-
cal treatment of AS. Methotrexate (MTX), one
of conventional disease-modifying
antirheumatic drugs (DMARDs), has been
extensively used, although this practice is not
supported by ASAS/EULAR recommendations.4

Tumor necrosis factor-alpha (TNF-α)
inhibitors have proven highly effective in
improving mobility, function, C-reactive pro-
tein and quality of life for AS patients.5-12

Combination of TNF-α inhibitor and MTX
has been extensively studied in rheumatoid
arthritis (RA).13,14 Evidence showed combina-
tion therapy brought more benefits than TNF-
α inhibitor monotherapy.15,16 For AS, however,
whether it is the case is unclear. The aim of
this review is to examine the benefits and
harms of TNF-α inhibitors in combination
with MTX compared with TNF-α inhibitors
alone in the treatment of AS.

We planned the review protocol as followed.

Materials and Methods

Types of studies 
We included randomized and quasi-ran-

domised trials.

Types of participants 
Participants were patients with AS fulfilling

one of the following and other criteria: 1961
Rome, 1966 New York, modified 1984 New York,
Amor or ESSG (European Spondyloarthropathy
Study Group) criteria.17 Studies with spondy-
loarthropathies/spondyloarthritis patients as par-
ticipants were included if there were available
data assessing the outcomes specific to patients
with AS. Patients were male or female, with or
without the involvement of peripheral joints. 

Types of interventions 
The intervention was TNF-α inhibitor

(including infliximab, etanercept, adalimum-
ab, golimumab and certolizumab) combined
with MTX (any dosage and any delivery route)
for at least 12 weeks. The comparison was
combination therapy versus TNF-α inhibitor
alone or combination therapy versus TNF-α
inhibitor plus placebo.

Types of outcome measures
Major outcomes are: i) assessment of

Ankylosing Spondylitis (ASAS) response:
ASAS40, ASAS20, ASAS 5/6, partial remission;
ii) bath index: Bath ankylosing spondylitis
function index (BASFI), Bath ankylosing
spondylitis disease activity index (BASDAI),
Bath ankylosing spondylitis metrology index
(BASMI); iii) change in radiograph and mag-
netic resonance imaging (MRI); iv) with-
drawals due to side effect; v) drop-out for any
reason; vi) serious side effects.

Minor outcomes are: i) physical function; ii)
pain; iii) spinal mobility and spinal stiffness;
iv) peripheral joints/entheses (pain, swelling
and tenderness); v) patient global assessment
and physician global assessment; vi) fatigue;
vii) level of acute phase reactants, including
erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP).

Search methods for identification
of studies 

Relevant randomized and quasi-randomized
trials in any language were sought using the
following sources: MEDLINE (1946 to January
3, 2013), EMBASE (1974 to January 3, 2013),
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CINAHL (1937 to January 3, 2013), CENTRAL
(Cochrane Central Register of Controlled
Trials, December, 2012), Clinical Trials
Registry Platform (January 3, 2013) and the
reference sections of retrieved articles.

Selection of studies 
Publications retrieved from Central,

Medline, Embase, Cinahl and the Clinical
Trials Registry Platform were imported in a ref-
erence management software (EndNote X5).
After removing the duplicate results, unblind-
ed trial reports were reviewed independently
by SL and MH according to the selection crite-
ria. Disagreements were resolved by consen-
sus and by recourse to the third review author
(JC) if necessary.

Data extraction and management 
Data extracted from the included trials were

recorded on a pre-structured data extraction
and were entered independently into Review
Manager 5.2 software by the same review
authors. Only outcomes specified in the proto-
col were included in the review. Continuous
data (e.g. visual analogue scales of pain,
patient’s global assessment) were entered as
means and standard deviations (SD), and
dichotomous outcomes (e.g. response,
improvement) as number of events.

Data analysis 
We analyzed only the available data for con-

tinuous data. For dichotomous data, we used
intention-to-treat (ITT) analysis. Heteroge -
neity was explored by the chi-squared test
(Chi2 test) with significance set at P value
0.10. The quantity of heterogeneity was meas-
ured by I2 with I2≥50% as substantial hetero-
geneity. We performed meta-analysis, using
Review Manager 5.2 software. A random-effect
model was used to combine the results where
heterogeneity was significant. Otherwise, a
fixed-effect model was used. Sub-group analy-
sis by characteristics of participants (e.g. dif-
ferent AS classification criteria, male or
female, with or without peripheral arthritis)
and intervention (e.g. different dosage, differ-
ent duration) were planned. Two sensitivity
analyses were planned according to whether:
i) the allocation to intervention or control
groups was truly randomized or quasi-random-
ized, to explore the potential selection bias; ii)
the outcome assessment was blinded, to
explore the potential assessment bias associ-
ated with knowledge of the intervention.

Assessment of risk of bias in
included studies 

We assessed risk of bias in all included stud-
ies using The Cochrane Collaboration’s tool for
assessing risk of bias (Supplementary Files).18

There were six domains: random sequence

generation, allocation concealment, blinding
of outcome assessment, incomplete outcome
data, selective reporting and other sources of
bias such as baseline imbalance. We made a
judgment about risk of bias according to the
criteria described in the Cochrane Handbook.18

Risk of bias was categorized as Low risk, High
risk or Unclear risk. The included trials were
independently assessed by the review authors,
using a data collection form. Funnel plot was
planned to detect publication bias. However,
this plan was given up when we found that only
three trials were included. 

Results

Results of the search 
Our search retrieved 852 citations. After

review of titles and abstracts and removal of
duplicates across databases, ten records were
identified for further evaluation. Seven
records were excluded for different reasons
(Figure 1).19-25 Therefore, only three studies
were retained for our analysis.26-28 Figure 1
showed the study selection process.

Included studies 
Three randomized controlled trials met the

inclusion criteria. In Breban 2008 trial,26 all
patients were scheduled to receive a loading
regimen of infliximab (IFX) (5 mg/kg in 250
mL normal saline at week 4, 6, and 10).
Thereafter, patients were randomized into two
groups, continuous treatment group receiving
IFX infusions regularly, and on-demand group
receiving supplementary infusions only upon
relapse. Patients in the on-demand group were
further randomized to receive IFX alone or IFX
plus MTX. MTX was given orally at a maximum
dose of 12.5 mg weekly. Only the data of on-
demand IFX group patients were included in
the present review. Li et al.27 compared IFX (5
mg/kg in 250 mL 0.9% NaCl at week 16, 18 and
22) plus MTX (15 mg weekly, orally) with IFX
plus placebo over 30 weeks. Patients in
Mulleman 2011 trial were randomized to
receive IFX alone (infusions of 5 mg/kg at
week 0, 2, 6, 12 and 18) or IFX combined with
MTX (10 mg/week, orally).28 These three trials
included a total of 187 participants, 94 receiv-
ing IFX and MTX combination therapy and 93
IFX monotherapy. The sample size ranged from
26 to 123. Over 20 outcomes were assessed. All
the patients among the included participants
fulfilled the modified New York criteria. Male
patients accounted for about 79%. Depending
on the trial, the age and the duration of dis-
ease was reported as a mean or median value.
The age ranged from 26.1 to 53.6 and the dis-

Review

[Rheumatology Reports 2014; 6:5127] [page 7]

Figure 1. Flow chart of the trial selection process.
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ease duration of major participants ranged
from 5.4 to 27.5 years. All the participants were
patients with active disease but the definitions
of active disease varied among the trials.
Further details were available in the Table 1.

Excluded studies 
Krzysiek reported circulating concentration

of IFX in Breban 2008 trial, 20,26 which has been
included in the present review. Pérez-Guijo
2007 trial was excluded because this was not a
randomized clinical trial (RCT).19 Ternant 2012
trial and Ducourau 2010 trial were two papers
of a same study,21,22 assessing the influence of
MTX on the variability of IFX pharmacokinetics
and concentration-effect relationship in axial
ankylosing spondylitis (AAS) patients. They
were excluded because they did not report the
outcomes specified in the present review.
NCT1,23 NCT2,24 and NCT324 are clinical trial
records registering in www.clinicaltrials.gov.

These ongoing trials were not included
because the results were not available.

Risk of bias in included studies
The risks of bias of included trials were

summarized in Table 2.

Allocation (selection bias)
Random sequence generation and allocation

concealment were judged as low risk of bias in
all these three trials. In Breban 2008 trial,26

randomization was centralized by the coordi-
nating center and communicated to other cen-
ters by fax. The methods of randomization
were generated by a computer in both Li 2008
trial and Mulleman 2011 trial and kept by the
school pharmacy and sealed opaque envelopes,
respectively.27,28

Blinding (performance bias and detection bias)
Patients and researchers in Li 2008 trial

were blinded and therefore blinding was

judged as low risk of bias.27 Placebo was not
used in Breban 2008 trial and Mulleman 2011
trial.26,28 The performance bias and detection
bias were judged as high risk of bias in these
two trials.

Incomplete outcome data (attrition bias)
In Breban 2008 trial,26 28% participants did

not complete the 1-year trial. However, the rea-
sons for discontinuation were well balanced
between treatment groups. There were 3 and 1
patients dropping out in Li 2008 trial and
Mulleman 2011,27,28 respectively. ITT analysis
was used for all outcomes in both Breban 2008
and Li 2008.26,27 Therefore, all three trials were
scored as low risk of bias.

Selective reporting (reporting bias)
The protocols were available for all the trials

and results of all pre-specified outcomes
reported. Therefore, all three trials were
judged as low risk of bias.
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Table 1. Summary of included studies’ characteristics.

Author Sample size Intervention group Control group Follow-up Main 
(M/F) Age Disease Treatment Age Disease Treatment outcomes

(mean± duration protocol (mean± duration protocol
range) (mean± range) (mean±

range) range)

Breban 123 (95/28) 42.7±10.9 16.4±11.1 IFX: 5 mg/kg, I.V., 40±9.6 13.8±7 IFX: The same as 58 weeks ASAS response; 
weeks 4, 6, and 10. intervention group Partial remission;
Thereafter the dose BASDAI; BASFI; 
was increased to 7.5 mg/kg, Withdrawal for side effect;
if relapse occurred as early Withdrawal for any reason
as 3 weeks after an infusion. 
MTX: 2.5 mg, orally, weekly, 
from week 1 to weeks 4, 
increased 2.5 mg weekly, up 
to a maximum dose of 12.5 mg

Li 38 (32/6) 37±10.9 12.1±10.4 IFX: 5mg/kg, I.V., weeks 16, 18, 22. 39.4±9.9 11.1±6.7 IFX: The same as 30 weeks ASAS response; 
MTX: initially 7.5 mg orally, weekly, intervention group Partial remission; 
increased 2.5 mg every 2 weeks Placebo: placebo BASDAI; BASFI;
up to 15 mg by week 6 tablets were given e MRI activity score; 

in the sam Withdrawal for side effect;
way as MTX Withdrawal for any reason

Mulleman 26 (20/6) 29-50 1-19 IFX: 5mg/kg, I.V., weeks 0, 2, 6, 27-59 0-28 IFX: The same as 18 weeks ASAS response
12, 18 MTX: 10 mg, orally, weekly intervention group BASDAI

IFX, infliximab; MTX, methotrexate; I.V., intravenously; ASAS, assessments in ankylosing spondylitis; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index;
MRI, Magnetic Resonance Imaging.

Table 2. Summary of the risk of bias assessment results of the included studies.

Domain Breban et al. Li et al. Mulleman et al. 

Was the allocation sequence adequately generated? + + +
Was allocation adequately concealed? + + +
Was knowledge of the allocated interventions adequately prevented during the study? + + +
Blinding of personnel - + -
Blinding of participants - + -
Blinding of outcome assessors - + -
Were incomplete outcome data adequately addressed? + + +
Are reports of the study free of suggestion of selective outcome reporting? + + +
Was the study apparently free of other problems that could put it at a risk of bias? + + +
Domains of quality assessment based on Cochrane tools for assessing risk of bias. +, satisfied; -, not satisfied.
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Other potential sources of bias
All the included trials appeared to be free of

other sources of bias and therefore judged as
low risk of bias.

Effects of interventions
Major outcomes

Two trials assessed ASAS40 and none of
them found significant difference between IFX
plus MTX combination therapy and IFX
monotherapy.26,27 Risk ratios (RR) were 1.49
and 1.00 and 95% confidence interval (CI)
were 0.86 to 2.59 and 0.35 to 2.90, respectively.
The pooled RR was 1.37 (95% CI 0.84 to 2.23)
and no significant heterogeneity was found
between these two trials (Figure 2A). ASAS20
responses were available in all three included
trials. No significant difference was found
between the intervention groups in either the
individual trial data or pooled data. Pooled RR
was 1.16 and 95% CI 0.88 to 1.52 (Figure 2B).

Breban 2008 trial and Li 2008 trial assessed
partial remission which was defined as a value
of 2 or less on a 0-10 scale in each of the 4
domains of the ASAS40.26,27 No significant dif-
ference was found between combination ther-
apy and monotherapy. Pooled RR was 1.42 and
95% CI 0.47 to 4.29 (Figure 2C).

Two trials assessed BASFI (0-10 scale)
(Figure 3A) and all three included trials
assessed BASDAI (0-10 scale) (Figure 3B).26-28

There was no significant difference between
intervention groups in either individual or
pooled result, whether end point data or change
from baseline data were analyzed. No significant
heterogeneity was found among these trials.
Weighted mean difference (WMD) of endpoint
value were -0.04 (-0.76 to 0.67) for BASFI and
0.29 (-0.32 to 0.90) for BASDAI, respectively.

The spine MRI activity score was assessed
only in Li 2008 trial and an overall improve-
ment of 36.4% was found in all the 31 available
participants, but no significant difference was
found between the intervention groups. WMD
was -0.65 (-4.21 to 2.91).27

For safety outcomes, slightly higher rates of
drop-out for side effect and any reason were
found in combination therapy group than
monotherapy group. Pooled RR were 1.89 (0.71
to 5.02) and 1.11 (0.67 to 1.84), respectively.
No statistically significant difference was
found between intervention groups (Figure
4A,B). Eight serious events were reported in all
three trials. Six were in Breban 2008 trial (1
sudden death attributed to likely myocardial
infarction, 1 solid cancer and 3 serious infec-
tion in combination therapy group and 1 seri-
ous infection in monotherapy group)26 and 1
each in Li 2008 trial (mycetoma with
Scedosporium apiospermum)27 and Mulleman
2011 trial (septicaemia in combination thera-
py group).28 We did not conduct a meta-analy-
sis for this outcome, because Li 2008 trial did

not specify which group the patient came
from.27

Minor outcomes
Data of physical function, peripheral

joints/entheses (pain, swelling and tender-
ness) and fatigue were not reported in the
included trials.

Pain (VAS 0-100) was assessed in two trials.
In Li 2008 trial,27 the end point data of pain was
scored as the average of total back pain and
nocturnal back pain. Both change from base-
line data and endpoint values of pain were
reported in Breban 2008 trial.26 No significant
difference was found in either individual trial
data or pooled analysis results. No significant

Review

[Rheumatology Reports 2014; 6:5127] [page 9]

Figure 3. Forest plots of the Bath index of combination therapy versus monotherapy in
ankylosing spondylitis. IFX, infliximab; MTX, methotrexate; BASDAI, Bath Ankylosing
Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional
Index; CI, Confidence Interval; IV, Inverse Variance.

Figure 2. Forest plots of the ASAS response and partial remission of combination thera-
py versus monotherapy in ankylosing spondylitis. IFX, infliximab; MTX, methotrexate;
ASAS, assessments in ankylosing spondylitis; CI, Confidence Interval; M-H, Mantel-
Haenszel.
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heterogeneity was found between these two
trials. WMD of endpoint value was 1.19 and
95% CI -6.17 to 8.56. This means combination
therapy was similar with monotherapy in con-
trolling pain. 

Spinal mobility outcomes were reported in
Breban 2008 trial,26 including chest expansion,
Schober’s test, occiput-to-wall test and fingers-
to-floor test. No significant difference was
found in all these parameters. For patient glob-
al assessment (VAS 0-100), Breban 2008 trial
reported both endpoint and change from base-
line data and Li 2008 trial reported only the
endpoint data.26,27 In our analysis, no signifi-
cant difference was found in either individual
or pooled results. WMD was -1.08 and 95% CI -
7.98 to 5.81. 

For level of acute phase reactants outcomes,
two trials assessed CRP (mg/L).26,27 The pooled
result showed no significant difference. ESR
(mm/hr) was assessed only in Breban 2008
trial,26 and no significant difference was found
between the intervention groups. 

Breban 2008 trial reported both endpoint
and change from baseline data of the Medical
Outcomes Study 36-Item Short-Form Health
Survey (SF-36),26 which consisted of physical
and mental components. MD of physical com-
ponent were 0.60 (95% CI -2.82 to 4.02) and -
0.10 (-2.98 to 2.78) for endpoint and change
from baseline, respectively. MD of mental com-
ponent were -1.00 (95% CI -4.91 to 2.91) and -
1.90 (-5.23 to 1.43), respectively. Spinal inflam-
mation was scored as the average of two VAS
questions regarding the duration and intensity
of morning stiffness in Li 2008 trial.27 MD was
0.84 and 95% CI -0.54 to 2.22. No significant
difference was found in these outcomes.

Sensitivity analysis
Although the blinding was considered as

high risk of bias, we did not perform sensitivi-
ty against allocation concealment and blinding
as planned, because no positive result was
found in all the assessed outcomes.

Discussion

Summary of main results
In this systematic review, we analyzed evi-

dence from three RCTs comparing combina-
tion of TNF-α inhibitor and MTX with TNF-α
inhibitor monotherapy for patients with AS. All
three trials studied IFX and MTX combination.
No RCT of other TNF-α inhibitor and MTX
combination was found. The participants in
the included trials were 187 adult AS patients
who fulfilled modified New York criteria.17 The
disease duration ranged from 4.5 to 12.1 years.
Only one study was placebo controlled, and all
of them examined small samples. ITT analysis
was used for all major outcomes. Analysis of
either individual trial data or pooled data found
no significant difference between the inter-
vention groups in all efficacy outcomes, includ-
ing major and minor ones between combina-
tion therapy and monotherapy group. No sig-
nificant heterogeneity was found among the
trials. Neither statistically significant differ-
ence in withdrawals for side effects or for any
reason was found between intervention
groups.

Quality and applicability 
of evidence

The overall risk of bias was low in these
three trials. In particular, only one study was
placebo controlled. Therefore, performance
bias and outcome assessment bias were

inevitable. Sample is another consideration.
Some positive effect, especially those on
peripheral arthritis, could be missed because
the sample size was less than 200 in all the
outcomes.

According to the result mentioned above,
combination of IFX and MTX is not superior to
IFX monotherapy. We found that the quality of
evidence for combination regimen was
Moderate. Moreover, the studies reported ade-
quate methods of randomize, allocate, and out-
come reporting, with consistent estimates for
most outcomes. No significant heterogeneity
was found in all outcomes. Considering the
overall low risk of bias in and consistent result
of the included trials, we believed this evi-
dence is reliable although the sample size was
not large enough. The small sample sizes, the
short follow up and lack of other anti-TNF
agents which may reduced the quality of evi-
dence though this is considered unlikely. Of
course the evidence should not be applied to
other TNF-α inhibitors (e.g. etanercept, adali-
mumab, golimumab and certolizumab) and
MTX combination as well as juvenile SpA
patients and those SpA patients who do not
meet modified New York criteria, because they
have not been tested so far.

Comparison with other studies or
reviews

We have noticed that there was sound evi-
dence showing the IFX and MTX combination
was superior to IFX monotherapy in RA.13,14 It
might not be the case in AS. An open label,
prospective study found that infliximab (IFX)
in combination with MTX seemed to increase
the efficacy of the therapeutic response in
active AS patients.19 Glintborg et al.29 conduct-
ed a retrospective analysis of data of 842 AS
patients who received with a TNFα inhibitor
as the first treatment, including disease activ-
ity, clinical response, treatment duration and
predictors of drug survival (i.e. number of days
individual patients maintained treatment).
None of these parameters were found advanta-
geous among those who received MTX in addi-
tion to TNF-α inhibitor. We have conducted
another systematic review comparing MTX
with no MTX in AS and did not find any bene-
fit, which was quite different from that in
RA.30,31 Perhaps the present review would fur-
ther prove that MTX offer no benefit to AS
patients, whether or not combined with TNF-α
inhibitor. It is in consonance with ASAS/
EULAR recommendations on AS management.4

Conclusions

Implications for practice 
Compared with TNF-α inhibitor monothera-
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Figure 4. Forest plots of the safety outcomes of combination therapy versus monothera-
py in ankylosing spondylitis. IFX, infliximab; MTX, methotrexate; CI, Confidence
Interval; M-H, Mantel-Haenszel.
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py, TNF-α inhibitor combined with MTX did
not increase response rate and offer benefit in
pain, disease activity, MRI activity score, phys-
ical function, spinal mobility.

Implications for research 
High quality of RCTs are needed to verify

the benenfit and harm of TNF-α inhibitor and
MTX combination for AS patients, especially
for those with early phase.
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