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Abstract

Objectives:

To compare ASAS (Assessment in Ankylosing Spondylitis Response Criteria), 20 response patterns between

anti-TNF biological agents in patients with ankylosing spondylitis by means of a mixed treatment comparison

of different randomized, controlled trials (RCTs) on the efficacy of biological therapies.

Methods:

A systematic review of literature was performed to identify a number of similarly designed double-blind,

randomized, placebo-controlled trials investigating the efficacy of the TNF-a inhibitors etanercept,

infliximab, and adalimumab in the treatment of ankylosing spondylitis patients, conducted over an

18-year period. The end-point of interest was ASAS20 response criteria at 24 weeks. Results were

analyzed simultaneously using Bayesian mixed treatment comparison techniques. Results were

expressed as odds ratio (OR) of ASAS20 response and associated 95% credible intervals (CrIs). The

probability of being the best treatment was also reported.

Results:

Three RCTs were selected for data extraction and further analysis. By mean of MTC, all anti-TNF agents

demonstrated to be more efficacious in inducing an ASAS20 response than placebo. Infliximab shows a

72% probability of being the best treatment of all. Adalimumab and etanercept show probabilities of 13%

and 15%, respectively. No differences were observed when comparing directly an anti-TNF-a agent against

another. When compared with placebo, Infliximab increases the probability of response by �7-times

(OR¼ 6.8), Adalimumab by �4-times (OR¼ 4.4), and Etanercept by 5-times (OR¼ 4.9). Differences in

trials procedures, the use of a fixed-effect model, and the small number of trials included represent

limitations of this study

Conclusions:

Even if the mixed treatment comparisons between infliximab, adalimumab, and etanercept did not show a

statistically signiEcant difference, this analysis suggests that infliximab, compared to placebo, is expected to

provide the highest rate of ASAS20 response in SA patients naive to biologic treatments.

Introduction

Ankylosing Spondylitis (AS) is a chronic form of arthritis belonging to the
broader category of spondyloarthropathies, or arthritis that primarily affects
the spine. AS is an inflammatory disease of unknown origin that mainly involves
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the spinal joints and frequently progresses into ankylosis of
the affected joints1. Up to half of patients have concomi-
tant peripheral joint arthritis2. Recent experiences
strongly suggest a familial aggregation for AS.
Individuals presenting the genetic marker HLA-B27
have at least a 1% chance of developing AS. However,
the actual relationship between the gene and the disease’s
development is still not completely clear1–3.

Unlike other, more common inflammatory joint
disorders, such as rheumatoid arthritis and psoriatic
arthritis, where some patients achieve control of disease
activity using non-biological DMARDs, the use of biolog-
ical treatments is often required to treat AS patients in
order to control disease activity4–11. Although good effi-
cacy and safety profiles have been extensively proven for
all anti-TNF therapies in patients with AS, a more precise
understanding of the therapeutic role of each anti-TNF
agent used to treat AS is required to allow a more accurate
choice of treatment options for these patients12,13. Patients
presenting an inadequate response to previous non-biolo-
gical therapies are treated with the biological agents or
tumor necrosis factor (TNF) blockers etanercept, inflixi-
mab, and adalimumab. Etanercept is a dimeric fusion pro-
tein consisting of the extracellular ligand-binding portion
of the human 75 kilodalton (p75) tumor necrosis factor
receptor (TNFR) linked to the Fc portion of human
IgG9. Infliximab is a chimeric monoclonal antibody
IgG1� with an approximate molecular weight of 149.100
daltons. It is composed of human constant and murine
variable regions10. Adalimumab is a recombinant fully
human IgG1 monoclonal antibody specific to human
tumor necrosis factor (TNF). Adalimumab was created
using phage display technology resulting in an antibody
with human-derived heavy and light chain variable
regions and human IgG1 � constant regions11. Such
drugs present biological and clinical differences that may
result in different efficacy outcomes in different patholo-
gies where they are commonly used9–11. For such a reason,
also, this study was performed.

In order to allow a more accurate choice of treatment, it
is also necessary to compare the efficacy of all therapies
available, a comparison that has so far not been performed.
To date, there are no published RCTs providing data on a
head-to-head comparison of the efficacy of etanercept,
infliximab, and adalimumab in the treatment of AS.
This kind of RCT would require very large patient case-
loads, as the differences in terms of efficacy between the
biological treatments would appear to be small, and con-
sequently the cost of conducting this sort of trial would be
very high. Mixed Treatment Comparison (MTC), an
extension of more conventional and commonly used
meta-analysis, allows us to make multiple pair-wise
comparisons across a range of different treatments14–18.
The results obtained using this statistical analysis tech-
nique provide an objective approach to the difficult

choice of treatment, when similarly relevant data are una-
vailable. More specifically, using MTC we aimed to com-
pare the results in terms of efficacy obtained in different
RCTs performed on each anti-TNF therapy in patients
with AS. Compared to common meta-analysis, where mul-
tiple studies are used to estimate the efficacy of a single
agent vs placebo or other reference treatments, Mixed
Treatment Comparison enables the estimation of different
parameters from different studies with similar comparisons,
and makes it possible to obtain further data by assembling
and analyzing data of several similar studies on the same
subject14–18. The main objective of this study was to deter-
mine parameters that may prove useful in clinical practice
and in real-world medical decisions. For this reason, we
concentrated our efforts on determining relative efficacy
profiles of currently licensed doses of commonly used bio-
logical treatments for AS.

Methods

Identification of eligible studies and data
extraction

A literature search was performed to identify all RCTs
performed to assess the efficacy of different anti-TNF treat-
ments (etanercept, infliximab, adalimumab) in patients
with AS. The MEDLINE and EMBASE databases were
both intensively searched, and search terms included a
combination of free-text and thesaurus terms relevant to
AS agents. The search terms are reported in Table 1. The
primary end-point for analysis was the ASAS20 response
criteria from baseline to month 619. Studies with shorter
follow-up periods were excluded from the study. The
ASAS criteria for 20% clinical improvement (ASAS20)
is met when an improvement of at least 20% and one unit
is obtained in at least three of the following four domains:
patient’s global assessment of disease activity, inflamma-
tion assessed as morning stiffness, function and pain, with-
out worsening of 20% and one unit in the remaining
domains.

Only RCTs reporting data on placebo-controlled,
double-blind studies with a follow-up of at least 24 weeks
on the efficacy, expressed as ASAS20, of an anti-TNF
agent in patients affected by AS were included. For each
selected study, details regarding study design, patients’
demographic and morbidity characteristics, treatment

Table 1. Research terms and proceeding used in EMBASE and MEDLINE for
literature search.

Etanercept or Adalimumab or
Infliximab and Ankylosing Spondylitis

And Double
blind

And
ASAS

1022 69 10
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interventions, end-points and duration of follow-up were
analyzed. Unless otherwise stated, imputation for
non-response was assumed to be through last observation
carried forward.

Data analysis

An evaluation of the primary trial end-point, ASAS20,
was conducted to identify any differences, in terms of effi-
cacy, between the three anti-TNF agents analyzed. A large
number of tools are currently available to assess the current
status of a patient affected by AS in all different aspects of
disease, such as limitation of motion of the spine or pain,
but standardization and validation of many of these tools is
still lacking, while for ASAS, born from an international
Assessment in AS, the standardization is clearly assessed.
The choice of ASAS20 as the primary end-point is due to
the fact that all the reported pivotal trials reported
ASAS20 as the primary end-point.

For subsequent analysis, we used the reported number of
patients in each response category in the treatment and
placebo groups of each RCT eligible for analysis. These
frequencies were processed by a Bayesian MTC analysis,
fixed effect model. It is also fundamental to determine
whether a fixed-effect model or a random-effect model is
more appropriate for pooling results from different stud-
ies14. The residual deviance of models obtained using
random effects and fixed effects was compared: when the
residual deviance obtained by a random-effect model is
lower than fixed model residual deviance, a random-
effect model may be more appropriate, however, when
residual deviance is similar, a fixed-effect model seemed
to be the most suitable option. WinBUGS 1.4 statistical
software (MRC Biostatistics Unit, Cambridge, UK) was
used to perform analysis. WinBUGS provides Bayesian
estimates, and the analysis was conducted without prior
assumptions concerning coefficient sizes. This study
reports results as summary statistics for Odds Ratio (OR):
the mean value that is the most likely value and the
correspondent 95% credible interval (95% CrIs) that con-
tains the true value of the OR with 95% probability. MTC
reports results as an evaluation of OR of response as
ASAS20 for each biological agent compared to placebo
and also the OR of response, again in terms of ASAS20,
between each combination of two biological agents. The
probability of best treatment was also reported for each
biological agent.

Results

Identified studies

A total of 1022 articles were extracted from EMBASE and
MEDLINE using the research terms reported in Table 1

(Adalimumab or Etanercept or Infliximab and Ankylosing
Spondylitis). Of the selected articles only 69 remained
after the research term ‘double-blind’ was added. Of the
22 articles selected, only 10 remained after a term search
on ‘ASAS’ was included. In any case, only three articles
met the inclusion criteria established previously and
were consequently included in the study for data extrac-
tion20–22. The selected articles are shown in Table 2.
Length of study, number of patients included, demographic
characteristics, different disease duration and eventual
concomitant medication, severity of disease, and outcome
measures were considered. Consequently, all data were
recorded and analyzed using a MTC with the analytic
methodologies described above. The studies identified
differ as regards some features and were intensively ana-
lyzed for their differences in order to understand whether
these differences could invalidate the results of the MTC.
One study reported data from an RCT on etanercept, one
study on adalimumab, and one study on infliximab. The
populations of the different studies were similarly repre-
sented, in terms of gender and disease duration. The
BASDAI score, which is reported for all studies, is similar
in all studies, and a statistical examination of any consid-
erable differences did not show any significance. Data such
as ESR, CRP, and presence of HLA-B27 gene polymor-
phism are not reported in all studies.

Populations object of the study

All populations from the three RCTs were examined for 24
weeks. Genders were equally represented in all populations
and mean age was similar, mean BASDAI scores were sim-
ilar as well as percentage of patients characterized by pos-
itive HLA-B27. The only difference observed regarded
duration of disease in the active arm of Infliximab-based
RCT, that was 7.7 years, with respect to all other popula-
tions studied whose disease duration was at least 10 years.
This difference does not represent in our opinion a statis-
tically relevant problem as the BASDAI score of the same
population was similar to the ones reported for other
populations.

ASAS20 responses

All anti-TNF agents proved to be more efficacious in
inducing an ASAS20 response than placebo. Data con-
cerning the OR of response in terms of ASAS20, in
patients with AS and naı̈ve for biological treatment, for
the different anti-TNF agents included in the study com-
pared to placebo are reported in Figure 1. Infliximab was
the anti-TNF agent that gives the highest OR of response
when compared to placebo (OR¼ 6.88; 95% CI¼
3.66–13.46). Adalimumab, when compared to placebo,
gives an OR of response of 4.48 (95% CI¼ 2.63–9.16),
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whereas etanercept, when compared to placebo, gives an
OR of 4.95 (95% CI¼ 2.71–8.16). Further analysis, per-
formed in order to make direct comparisons between the
three anti-TNF agents included in the study, showed no
significant differences between them.

Infliximab showed a 72% probability of being the best
treatment of all. Adalimumab and etanercept show pro-
babilities of 13% and 15%, respectively (see Table 3).

Discussion

To date, this is the first study that uses MTC to compare
the three anti-TNFa drugs currently used in the treatment
of patients affected by AS. Since there are no head-to-head
studies comparing these three agents in the treatment of
AS, MTC could play an important role in obtaining new
comparative evidence. Indeed, MTC allows the simul-
taneous multiple meta-analysis of different pair-wise

comparisons across a range of different interventions.
Literature reports an increasing use of the mixed treatment
comparison approach in several diseases, and it has been
used to analyze stroke prevention, anti-depressants, psy-
chological interventions in heart disease, and the preven-
tion of vertebral fractures in women with post-menopausal
osteoporosis23–26.

The objective of this study was to compare the evidence
of efficacy of TNFa blockers in terms of ASAS20 response.
Since these drugs are very expensive and may only be used
in patients with AS after failure of NSAID treatment, it is
extremely important to both physicians and decision-
makers that the most effective treatment available is
chosen. As no head-to-head evidence is available in the
literature, MTC evidence structures provide a generaliza-
tion of Meta-Analysis evidence structures. Instead of
simply analyzing a set of Randomized Clinical Trials com-
paring treatment A vs treatment B, MTC analysis makes it
possible to compare trial A vs trial B, trial A vs trial C, trial

Figure 1. Graphical expression of MTC between Adalimumab, Etanercept and Infliximab against placebo and comparison of the three drugs between each
other.

Journal of Medical Economics Volume 15, Number 3 June 2012
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A vs trial D, trial B vs trial C, and so on. A further advan-
tage of using Bayesian meta-analysis is the possibility of
calculating the probabilities of which treatment gives the
greatest benefit.

The three studies included in this MTC were placebo-
controlled trials having the same primary end-point:
ASAS20 response. As mentioned above, these studies do
not differ in terms of disease diagnosis criteria, concomi-
tant medication, or in the demographic characteristics of
the populations. The fact that the studies had similar dis-
ease and demographic characteristics excludes these fac-
tors as causing heterogeneity across trials, and therefore
the indirect estimate is not affected by bias generated by
significant differences.

The result of this MTC suggests that infliximab is
expected to provide the greatest ASAS20 response of
the anti-TNFa blockers studied in comparison to placebo
in the treatment of AS. Infliximab shows a 72% probabil-
ity of being the best treatment of all those compared with
placebo. Adalimumab and etanercept show probabilities of
13% and 15%, respectively.

The lack of a statistically significant difference in the
direct comparison between infliximab, adalimumab, and
etanercept (one compared to another) can be attributed to
the small number of trials examined and sample dispersion.
However, adalimumab and etanercept showed a statisti-
cally significant difference vs placebo in improving clinical
symptoms evaluated by ASAS20.

This information may help physicians choose the best
probable treatment management. The Bayesian MTC
approach is able to allow a probabilistic interpretation of
clinical data and ranking of the interventions. The esti-
mated size of the treatment effect and the associated uncer-
tainty of each intervention are translated into one
measure: the probability that a certain treatment, amongst
compared treatments, might provide the best outcome. If
one considers that infliximab’s 72% probability of provid-
ing the best ASAS20 response corresponds to a 28% prob-
ability of making the wrong decision, if a biological
treatment is prescribed to AS patients in an effort to pre-
scribe the most efficacious treatment of the anti-TNFa

agents currently available. To put this in perspective, in
the absence of head-to-head studies, each treatment would
have a 33% chance of being the best treatment, and thus
associated with a 66% probability of making the wrong
decision.

Measuring the probability of choosing the most effec-
tive treatment may be helpful to physicians in decision-
making settings, in which the compliance, tolerability, and
safety of each treatment also have to be considered.
Moreover, in the case of spondyloarthritis we can also con-
sider the differences in stopping radiological disease pro-
gression and not merely the improvement in the clinical
surrogate measure, i.e. ASAS20.

The challenge of actual treatments is to prevent radio-
logical damage; however, it remains to be seen whether
patients may benefit from a long-term anti-TNF therapy,
and whether ankylosis can be delayed or prevented, in
which case it will be the most relevant outcome to evalu-
ate. Even if there are no head-to-head RCTs evaluating
the differences in stopping radiological progression
between the three agents currently used, some data is
available on the effect of each one, considered separately.
In 2007, Baraliakos et al.27 reported that there is some
radiographic progression after 2 and 4 years of infliximab
therapy in AS patients, and a comparison with the histor-
ical OASIS cohort suggests that infliximab may decelerate
the progression of structural changes. In 2010, the same
author reported that a definite influence on radiographic
progression after long-term continuous treatment with
infliximab compared with conventional therapy has not
yet been proven28. Recently, van der Heijde et al.29 did not
find radiographic progression in patients with AS after
2 years of treatment with adalimumab, as assessed using
the modified Stoke AS Spine Score (mSASSS) system,
when compared with radiographic data from TNF antago-
nist-naı̈ve patients. In 2009, the same author reported
there was no significant difference in the change in the
mSASSS from baseline between patients who received
etanercept vs those from the OASIS group30.

There is no comparative data regarding the safety of
treatment using anti-TNF-a agents in AS; however,

Table 3. Fixed effects MTC showing Odds Ratio and Credible Intervals for comparison between Adalimumab, Etanercept, and Infliximab, and probability of
being best treatment for each drug.

Fixed effects mixed treatment comparisons

Comparisons Odds ratio 95% CI low 95% CI high Probability best treatment of
all treatment compared

Rank

Infliximab vs Placebo 6.88951 3.669297 13.46374 72.0% 1
Etanercept vs Placebo 4.953032 2.718282 8.16617 15.0% 2
Adalimumab vs Placebo 4.481689 2.637944 8.16617 13.0% 3
Etanercep vs Adalimumab 1.030455 0.496585 2.225541
Etanercep vs Infliximab 1.447735 0.67032 3.320117
Adalimumab vs Infliximab 1.491825 0.67032 3.490343
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even long-term studies of each of the three agents analyzed
report good safety profiles for all of them when compared
to placebo.

As regards patient compliance to anti-TNFa therapy
for AS, Pavelka et al.12 reported the follow-up of patients
with AS in ATTRA, the Czech National Registry, which
showed that it is an efficacious and safe method of treat-
ment and that compliance to anti-TNF therapy was better
than amongst RA patients, which suggests a good compli-
ance profile for all anti-TNFa agents.

Another important issue to consider when choosing
first-line treatment for AS patients is the cost-effective-
ness of each agent. For instance, limited data is available
on the optimal dosage of infliximab in AS. In clinical
practice, certain patients might not need doses of inflixi-
mab higher than 3 mg/kg, but most patients require doses
of 5 mg/kg, which leads to an increase in costs. Antibody
formation may lead to a loss of efficacy (secondary
non-response)28. No dose adjustment is required for
adalimumab and etanercept.

These results do have certain limitations. Data from
this analysis were extracted analysing only three RCTs,
and this may limit the extensibility of the results. As men-
tioned above, there were differences in trial procedures and
populations, although they do not seem to invalidate the
results obtained, and, in any case, the MTC technique is
able to recognize this possibility and to assess the uncer-
tainty of the estimated RRs. Another limitation of this
study is that it is not possible to perform a randomized
effect model MTC, on account of the small sample.
Indeed, in order to take account of unmeasured or
unknown differences in covariates that may act as effects
across trials, the use of a random-effect approach should
allow us to highlight the possibility of the presence of het-
erogeneity in the compared trials. In this analysis only a
fixed-effect model was used. Another limitation is the
small number of trials and anti-TNFa drugs available for
comparison.

Conclusions

The result of this study may be relevant for clinical deci-
sion-making, contributing to improving the rate of posi-
tive ASAS20 response in patients with AS, and it may be
relevant also from a social point of view, given the burden
of AS affecting the population of working age.

Although the mixed treatment comparisons between
infliximab, adalimumab, and etanercept did not show a
statistically significant difference, this analysis suggests
that infliximab, compared to placebo, is expected to
provide the highest rate of ASAS20 response in AS
patients.
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