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ABSTRACT
Objectives This meta-analysis investigates the efficacy
of tumour necrosis factor α (TNFα) blockers versus
placebo for the treatment of ankylosing spondylitis (AS)
and non-radiographic axial spondyloarthritis (nr-axSpA).
Methods A systematic literature search was conducted
independently by two reviewers. Double-blind
randomised controlled trials (RCTs) investigating the
efficacy of adalimumab, certolizumab, etanercept,
golimumab or infliximab in approved dosages in
comparison with placebo were included. The use of
concomitant non-steroidal antirheumatic drugs was
allowed. The outcome parameters were improvement in
disease activity and function measured by the Bath AS
disease activity index (BASDAI), Bath AS functional index
(BASFI) and ASAS40 response. The effect sizes of the
changes in BASDAI/BASFI between TNFα blocker and
placebo comparator groups were calculated. Mixed effect
models were applied separately for RCTs with AS and
nr-axSpA patients and differences between those groups
were evaluated in a joint model.
Results 20 studies with data from 3096 patients were
included in the analysis: 15 studies with AS patients,
four with nr-axSpA patients and one with both. For AS
patients, TNFα blockers showed better efficacy than
placebo for BASDAI (effect size 1.00), BASFI (effect size
0.67) and ASAS40 response (OR 4.7). For nr-axSpA
patients, the differences were smaller (effect sizes 0.73,
0.57; OR 3.6). However, after adjustment for the year of
publication as a proxy for disease severity, no differences
in the effect sizes between the AS and nr-axSpA trials
were observed.
Conclusions Compared with placebo, TNFα blockers
improve disease activity and functional capacity clinically
meaningful for both AS and nr-axSpA patients.

INTRODUCTION
After approval of the first tumour necrosis factor α
(TNFα) blocker infliximab for the treatment of
patients with ankylosing spondylitis (AS), the treat-
ment of this chronic inflammatory disease has
changed remarkably. There is evidence from rando-
mised controlled trials (RCTs) that the treatment
with the anti-TNFα agents infliximab, etanercept,
adalimumab, golimumab and certolizumab is very
effective and leads to an immediate reduction of
disease activity, improvement in function and spinal
mobility, reduction in pain intensity, signs of inflam-
mation as measured by MRI, acute phase reactants
and peripheral arthritis as well as enthesitis. This
treatment therefore leads to improvements of

almost all clinical features of AS. The efficacy of
TNFα blockers was already evaluated by
meta-analyses of RCTs. However, even the two
recent meta-analyses1 2 included only eight or less
double-blind placebo controlled RCTs in their ana-
lysis of the impact of TNFα blockers on disease
activity and function. Currently, data from more
than 16 double-blinded RCTs are available for these
important patient-reported outcomes. Further, since
the clinical characteristics of the patients included in
the RCTs have partly changed since licensing, an
update of the current evidence of the efficacy of
TNFα blockers is needed.
Subgroup analyses of RCT data suggest that

there is larger improvement of patient-reported
outcomes in patients with shorter symptom dur-
ation with elevated C reactive protein (CRP) values
and better function.3–5 Therefore, treating patients
early is also recommended in AS. This aim led to
the development of new classification criteria for
axial spondyloarthritis (axSpA) by members of the
Assessment of SpondyloArthritis International
Society (ASAS).6–9 Patients fulfilling the modified
New York (NY) criteria10 for AS are part of this
disease entity as well as patients with non-
radiographic axSpA (nr-axSpA). In addition to clin-
ical features, the modified NY criteria require the
presence of radiographic changes in the sacroiliac
joints. These are considered to be a consequence of
previous inflammation. Findings of Rudwaleit
et al11 and others6 suggest a comparable burden of
disease in patients with axial SpA who do or do not
fulfil the modified NY criteria of AS. As a conse-
quence, RCTs comparing the efficacy of TNFα
blockers with placebo were conducted in patients
with nr-axSpA.
Considering these findings in AS and nr-axSpA

we aimed to:
1. Update previous evaluations of the treatment of

AS patients with TNFα inhibitors by means of a
meta-analysis of double-blinded placebo con-
trolled RCTs

2. Examine the associations between the year of
publication of the RCTand the outcome

3. Perform a meta-analysis of double-blinded
RCTs conducted in patients with nr-axSpA
comparing treatment with TNFα blockers
versus placebo

4. Compare the findings of RCTs in AS with those
conducted in nr-axSpA by considering a pos-
sible confounding by disease duration and
disease severity of the patients included.
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METHODS
Study selection and search strategy
A systematic literature research was performed in the data-
bases PubMed and Web of Knowledge using the search terms
adalimumab or D2E7, certolizumab, etanercept or (p75): Fc
fusion protein, golimumab, infliximab or cA2 and spondyloar-
thritis or ankylosing spondylitis as well as randomized (or
randomised) and controlled or placebo. The search was con-
ducted on 20 June 2013 and updated on 10 December 2013.
Additionally, references from relevant articles were included
into the search as well as abstracts from the EULAR 2013
congress.

Double-blind RCTs which fulfilled the following criteria were
eligible for the analysis:
▸ Trials had to be placebo controlled; concomitant medication

with non-steroidal antirheumatic drugs (NSAIDs) and gluco-
corticoids were allowed for patients in both treatment and
placebo groups.

▸ Patients in the verum arms received one of the following
TNFα blockers in a dosage that is already approved for AS:
adalimumab (40 mg every 2 weeks), certolizumab (400 mg at
week 0, 2, 4 then 200 mg every 2 weeks or 400 mg every
4 weeks), etanercept (25 mg twice weekly or 50 mg weekly),
golimumab (50 mg subcutaneous every 4 weeks) or inflixi-
mab (5 mg/kg every 8 weeks).

▸ Patients had to be naive for the TNFα blocker in the study
treatment, though the previous intake of another biologic
was allowed.

▸ Patients had to fulfil either the modified 1984 NY criteria for
AS or the criteria for nr-axSpA. Trials which included both
patient populations were considered if more than 80% of the
patients belonged to one of the diagnostic groups or if
results were reported separately for AS and nr-axSpA
patients.

▸ Double-blinded study duration of at least 12 weeks.
▸ Baseline and outcome data of the Bath AS functional

index (BASFI) had to be available for the double-blinded
periods.

▸ The language of publication had to be English.
Studies were assessed for eligibility by two investigators

independently ( JC and AW). Disagreements were resolved by
discussion. Data extraction was performed by one of the
authors ( JC) using a piloted form. From each study we col-
lected the source (main author, journal, year of publication),
diagnosis (AS/nr-axSpA), mean disease duration, former treat-
ment failure of NSAIDs, DMARD(s) or biologics, TNFα
blocker and dosage, control treatment, mean BASFI, Bath AS
disease activity index (BASDAI) and their SD at baseline and
week 12 or end of the double-blind period of the study,
Assessment of SpondyloArthritis international Society 40%
improvement (ASAS40) response at week 12 or end of the
double-blind period, number of patients, study duration and
whether the analysis was performed on an intention to treat
(ITT) population. For trials with an early escape option, the
results of the period before early escape were taken.

Outcome
As primary outcome, the effect size measured by the standar-
dised mean difference (SMD) of the change from baseline of the

BASDAI and BASFI between anti-TNFα treated patients of the
verum arms and patients of the control arms treated with
placebo was used. SMD is defined as

SMD:¼
ðBASDAIT;Bl�BASDAIT;StudyendÞ�ðBASDAIC;Bl�BASDAIC;StudyendÞ

SDPooled

with SDPooled being the pooled SD of the BASDAI in treat-
ment (T) and control groups (C) at baseline (Bl) and study end.
A large positive value indicates that for patients under TNFα
blocker treatment, the disease activity improves more than for
those in control groups. Secondary outcome measure was the
OR for being in ASAS40 response.

Statistical analysis
Mixed effects meta-analysis models with a random intercept
were used to account for the variability between the studies.
RCTs with AS and RCTs with nr-axSpA were analysed separ-
ately. In addition and to compare efficacy for AS and nr-axSpA
patients, models using type of diagnosis as a categorical covari-
ate were used. Although the inclusion criteria of the AS trials
were rather similar, we expected to observe a trend towards
shorter disease duration and better function in RCTs conducted
more recently. Against the background of the findings of
Rudwaleit et al3 and others4 5 regarding the predictive value of
disease duration, elevated CRP and baseline functional capacity
(BASFI) on major clinical response, such a trend would suggest
that RCTs in AS patients published more recently are better
comparable with the RCTs in nr-axSpA. For these reasons, we
investigated the associations among the year of publication,
disease duration and BASFI and provided there were associa-
tions we used the year of publication as a proxy for the history
of the disease severity of the patients enrolled in the RCTs and
performed a comparison of the effect sizes and response rates
between AS and nr-axSpA RCTs after adjustment for this proxy.
In all models, restricted maximum likelihood estimation was
chosen as computational method.

Data handling methods
If the mean BASDAI or BASFI was not available, the median
was used instead. Similarly, the IQR was used if SDs were not
given. IQRs were transformed to SDs assuming an underlying
normal distribution. In cases where SDs and IQRs were not pro-
vided, we imputed the mean SD of all other studies. Studies
were weighted by number of patients. In two studies, several
treatment arms fulfilled the inclusion criteria. Each arm,
together with the corresponding placebo arm, was treated as a
separate study. To avoid overweighting, the placebo group was
weighted by the number of patients randomised to placebo
divided by the number of verum arms. This corresponded to a
total study weight which equals the total number of patients of
all arms included.

Assessment of bias and heterogeneity
Publication bias was assessed visually using funnel plots and ana-
lytically using the test for funnel plot asymmetry of Sterne and
Egger.12
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The consistency between studies was measured by I2, which
can be interpreted as the proportion of total variation in the
estimates of treatment effect that is due to heterogeneity
between studies. I2 is given as a value from 0% to 100% where
higher values indicate more heterogeneity.

All statistical analyses were performed with the software R
V.3.013 using the package ‘metafor’.14

RESULTS
Selected studies and baseline data
A total of 20 studies with 24 anti-TNFα treatment arms were
included in the analysis. Figure 1 gives a description of the
study selection process. There were six eligible studies with ada-
limumab, one with certolizumab, seven with etanercept, one
with golimumab and five with infliximab. In 15 studies patients
with AS were included, in four patients with nr-axSpA and one
included both AS and nr-axSpA patients. In total, data from
1930 patients in anti-TNFα treatment and 1166 patients in
control groups were used. Mean BASDAI at baseline for all
studies was 6.2 and mean BASFI 5.2.

In all of the RCTs, the control groups received placebo while
the dosages of NSAIDs, steroids and in some cases DMARDs
were maintained for all patients.

Detailed baseline characteristics of all studies are shown in
table 1. A risk of bias table for the included studies is available
as online supplementary material.

Results for RCTs with AS patients
For the BASDAI, data from 17 TNFα blocker treatment arms
were available for AS patients. For BASFI, 18 treatment groups
were analysed and 13 for ASAS40 response. The forest plots in
figure 2 show the effects of the studies separately.

Overall, TNFα blockers had a high impact on the improve-
ment in BASDAI and a medium effect on the BASFI in AS
patients. The pooled estimates for the SMD from the random
effects model were 1.00 (95% CI 0.87 to 1.13) for the BASDAI
and 0.67 (95% CI 0.58 to 0.76) for the BASFI. These results on
a standardised scale roughly correspond to a mean change in
BASDAI of 1.5 and in BASFI of 1.4 on a 0–10 numerical rating
scale (NRS). In the analysis of the BASDAI, the heterogeneity
was moderately large with I2=42%. No heterogeneity between
the RCTs for the BASFI was detected (I2=0%).

The OR for being in ASAS40 response was 4.7 (95% CI 3.8
to 6.0) for patients taking TNFα blockers compared with
patients on control medication. In this model, there was no het-
erogeneity between the studies with I2=0%.

With increasing year of publication we observed a decrease in
baseline disease duration and functional limitation in RCTs con-
ducted in AS (figure 3).

Results for RCTs with nr-axSpA patients
Five trials with six eligible treatment arms were available for
patients with nr-axSpA. All of them reported BASFI, BASDAI
and ASAS40 response. Figure 4 shows the effects for the single
studies. In nr-axSpA patients, the overall effect of TNFα

Figure 1 Flowchart of study selection
process.
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blockers on the BASDAI and BASFI was 0.73 (95% CI 0.44 to
1.01) and 0.57 (95% CI 0.29 to 0.85). This change on a stan-
dardised scale roughly corresponds to a change of 1.1 for
BASDAI and 1.3 for BASFI on a 0–10 NRS. There was large
heterogeneity between the studies with I2=62% for BASDAI
and I2=61% for BASFI.

In patients with nr-axSpA, the mean ASAS40 response was
46% for those in TNFα blocker treatment groups and 15% in
control groups. The OR for ASAS40 response was 3.6 (95% CI
2.5 to 5.3). There was no heterogeneity present with I2=0%.

Comparison between AS and nr-axSpA
Based on the observation that AS patients enrolled in the first
RCTs had a longer disease duration and a more severe disease
than those AS patients enrolled in more recent trials, we com-
pared the findings of AS and nr-axSpA RCTs according to two
different approaches: a simple unadjusted comparison and a
comparison of the SMDs and response rates after adjustment
for disease severity by using the year of publication as a proxy
(see Methods section). ASAS40 response rates and disease activ-
ity observed in RCTs with nr-axSpA patients did not signifi-
cantly differ from those observed in AS trials (table 2). In the
unadjusted analysis, we found that patients with nr-axSpA had a
lower improvement in disease activity (p=0.03) and function
(p=0.02) than those with AS. However, taking into account AS

patients enrolled in the first RCTs were less comparable with
nr-axSpA patients, a mixed effects model with the publication
year as a continuous covariate was applied. In this adjusted ana-
lysis, no significant differences were observed between nr-axSpA
and AS patients.

Risk of publication bias
The funnel plots for the BASFI, BASDAI and ASAS40 models
all show a tendency of large trials to have smaller effect sizes.
The tests for funnel plot asymmetry indicate present asymmetry
for BASFI (p=0.048) but not for BASDAI (p=0.28) and
ASAS40 response (p=0.39). This asymmetry could be explained
by different patient populations: trials conducted in 2002
included patients who were more severely ill than those in 2012
(figure 3) and early trials generally included fewer patients than
more recent trials resulting in the impression of present publica-
tion bias.

DISCUSSION
General outcomes and differences between
AS and nr-axSpA
To our knowledge, this is the first meta-analysis in which the
efficacy of TNFα blockers in nr-axSpA patients was investigated
and in which this efficacy was compared with that observed in
RCTs with AS patients. Applying stronger eligibility criteria than

Table 1 Summary of all included studies in the meta-analysis and the characteristics of their patients

Included studies and baseline characteristics of their patients

Author (year) Medication

Number of cases
Disease duration
(years) Study

duration
(weeks)

BASFI BASDAI

Treatment Control Treatment Control
Treatment
(SD)

Control
(SD)

Treatment
(SD)

Control
(SD)

Patients with ankylosing spondylitis
van der Heijde (2006)15 ADA 208 107 11.3 10 12 5.2 (2.2) 5.6 (2.2) 6.3 (1.7) 6.3 (1.7)
Lambert (2007)16 ADA 38 44 14.5 12.1 12 5.3 (2) 5.6 (2.2) 6.2 (1.7) 6.5 (1.6)
Hu (2012)17 ADA 26 20 7.4 7.6 12 3.7 (2.1) 3.9 (2) 5.9 (1.4) 6.2 (1.1)
Huang (2013)18 ADA 229 115 8.1 7.7 12 4.3 (2.3) 4.4 (2.3) 6.0 (1.4) 6.2 (1.4)
Landewé (2014)19 CZP 200 mg 65 57 8.8 10.2 12 5.6 (2.3) 6.0 (2) 6.5 (1.7) 6.4 (1.9)
Landewé (2014)19 CZP 400 mg 56 57 8.8 10.2 12 5.7 (2.3) 6.0 (2) 6.2 (1.3) 6.4 (1.9)
Gorman (2002)20 ETA 20 20 15 12 24 4.5 (2.1) 3.2 (2.5) – –

Davis (2003)21 ETA 138 139 10.1 10.5 24 5.2 (1.8) 5.6 (1.7) 5.8 (1.5) 6 (1.4)
Calin (2004)22 ETA 45 39 15 9.7 12 6.0 (–) 5.7 (–) 6.1 (–) 5.9 (–)
van der Heijde (2006)23 ETA 25 mg twice weekly 150 51 10 8 12 5.8 (2) 6.0 (1.9) 5.9 (1.7) 6.1 (1.4)
van der Heijde (2006)23 ETA 50 mg once weekly 155 51 9 8 12 6.1 (2) 6.0 (1.9) 6.2 (1.7) 6.1 (1.4)
Barkham (2010)24 ETA 15 17 11 20 12 5.6 (2) 5.3 (1.8) 6.1 (1.7) 5.5 (1.7)
Dougados (2011)25 ETA 39 43 19 23 12 6.3 (2) 5.7 (1.9) 6.4 (1.2) 5.8 (1.5)
Inman (2008)26 GLM 138 78 9.5 16 14 5.0 (2.6) 4.9 (2.4) 6.6 (1.5) 6.6 (1.5)
Braun (2002)27 INF 34 35 16.4 14.9 12 5.4 (1.8) 5.1 (2.2) 6.5 (1.2) 6.3 (1.4)
van den Bosch (2002)28 INF 9 12 10 17 12 4.7 (–) 5.9 (–) 5.9 (–) 5.3 (–)
Marzo-Ortega (2005)29 INF 28 14 8 10 30 6.7 (–) 6.0 (–) 6.9 (–) 6.4 (–)
van der Heijde (2005)30 INF 201 78 7.7 13.2 24 5.7 (–) 6.0 (–) 6.6 (–) 6.5 (–)

Patients with non-radiographic axial spondyloarthritis
Haibel (2008)31 ADA 22 24 7 8 12 5.4 (2) 4.9 (1.6) 6.5 (1.2) 6.2 (1.3)
Sieper (2013)4 ADA 91 94 10.1 10.1 12 4.5 (1.9) 4.9 (2.3) 6.4 (1.5) 6.5 (1.6)
Landewé (2014)19 CZP 200 mg 46 50 4.8 4.5 12 4.8 (2.2) 4.9 (2.2) 6.5 (1.4) 6.4 (1.5)
Landewé (2014)19 CZP 400 mg 51 50 7.3 4.5 12 5.1 (2.4) 4.9 (2.2) 6.6 (1.6) 6.4 (1.5)
Dougados (2013)32 ETA 106 109 2.4 2.5 12 4.2 (2.5) 3.9 (2.5) 6.0 (1.8) 6.0 (1.9)
Barkham (2009)33 INF 20 20 1.4 1.1 16 4.4 (–) 4.1 (–) 5.9 (–) 5.8 (–)

ADA, adalimumab; BASDAI, Bath ankylosing spondylitis disease activity index; BASFI, Bath ankylosing spondylitis functional index; CZP, certolizumab; ETA, etanercept; GLM,
golimumab; INF, infliximab.
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Machado et al1 and including only double-blinded RCTs, this
meta-analysis provides furthermore an update of the available
evidence regarding the efficacy of TNFα blockers in AS. Data
from 20 RCTs with 3096 patients were included. Data on
improvement in BASDAI and BASFI were available in 14
RCTs15 conducted in patients with AS, in four RCTs conducted
in nr-axSpA patients and in one RCT including both diagnoses.
We observed medium to large effects of TNFα blockers on
disease activity and physical function with SMDs of 1.00
resp. 0.67. For AS patients, the OR for achieving ASAS40
response was 4.7. The results regarding improvement in
BASDAI and BASFI are in accordance with the recently pub-
lished meta-analysis in AS patients from Machado et al1 who

found a mean difference at 12 weeks of the BASFI of 1.39 and
of 1.64 for BASDAI as well as a relative risk for being in
ASAS40 response at week 12 of 2.77. Our results are also com-
parable with the meta-analysis of Escalas et al2 who found an
SMD of 0.73 for the BASFI.

We found lower effect sizes of TNFα blockers on BASDAI
and BASFI in nr-axSpA patients than in AS patients with SMDs
of 0.73 and 0.57. The OR for being in ASAS40 response was
3.6 in nr-axSpA patients. However, this simple comparison is
likely biased. The first RCTs in AS were conducted in patients
with severe long-lasting AS. With increasing year of publication,
we observed a decrease in the disease duration of the patients
enrolled. We adjusted for the year of publication since the more

Figure 2 Forest plots of standardised
mean differences for Bath ankylosing
spondylitis disease activity index
(BASDAI), Bath ankylosing spondylitis
functional index (BASFI) and ORs for
ASAS40 response in patients with
ankylosing spondylitis.
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recently conducted AS trials are more comparable with the
nr-axSpA trials. This resulted in similar improvements in AS and
nr-axSpA. A comparable effect size of TNFα inhibition in
nr-axSpA and AS is also supported by two RCTs in which both
groups of patients were compared directly.19 34

Among the trials with nr-axSpA patients, two large trials4 32

resulted in smaller efficacy especially for BASFI and ASAS40
response than the three remaining trials with lower patient

numbers. In the trials with certolizumab,19 etanercept32 and
infliximab,33 it was a requirement that the patients show acute
signs of inflammation in MRI or through raised CRP values. In
contrast to this, both nr-axSpA trials with adalimumab4 31 did
not have such restrictions on patient populations. Especially in
the ABILITY-1 trial4 less than 50% of the patients showed signs
of inflammation in MRI or had elevated CRP values. Patients in
this trial also had relatively long symptom duration, which

Figure 3 (A) Mean disease duration
of included studies by year of
publication. The area of the circles in
both plots represents the study weight.
(B) Mean Bath ankylosing spondylitis
functional index (BASFI) at baseline by
year of publication.

Figure 4 Forest plots of standardised mean differences for Bath ankylosing spondylitis disease activity index (BASDAI), Bath ankylosing spondylitis
functional index (BASFI) and ORs for ASAS40 response in patients with non-radiographic axial spondyloarthritis.
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could be another reason why in this trial the efficacy was lower
than in other trials with nr-axSpA patients. For the other large
trial on patients with nr-axSpA,32 so far the results are only
available as a conference abstract which is why we had no
detailed information on the patient collective. Therefore, we
cannot investigate the reasons for the lower efficacy in this trial.
The results of both of these RCTs show that more RCTs with
nr-axSpA patients are needed in order to gain robust evidence
on the efficacy of TNF inhibitors in this indication.

Restrictions
While there was a large number of RCTs with AS patients, only
five studies on patients with nr-axSpA were available. These
were all published 2008 or later due to the fact that the classifi-
cation criteria of axial SpA were developed between 2005 and
2009.6 8 9

Conclusions
This analysis confirms that TNFα blockers improve disease
activity and physical function clinically relevant for patients
with AS and nr-axSpA. No significant or relevant differences in
efficacy between patients with AS and nr-axSpA were found.
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