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Abstract

Background and Objective There are four efficacious sub-

cutaneous anti-tumor necrosis factor alpha (TNF-alpha) agents

used for the therapy of ankylosing spondilitis (AS), but

apparently little or no differences in their effectiveness was

proven. By this study, we aimed to compare Assessment in

Ankylosing Spondylitis Response Criteria 20 response patterns

(ASAS20) between subcutaneous approved biological agents

in patients affected by ankylosing spondylitis by means of a

mixed treatment comparison of different randomized con-

trolled trials (RCTs) on the efficacy of biological therapies.

Methods A search in scientific literature was performed to

identify the most complete collection of RCTs available on the

selected topic. Similarly designed double-blind, randomized,

placebo-controlled trials investigating the efficacy of the

subcutaneous and approved TNF-alpha inhibitors such as e-

tanercept, certolizumab pegol, golimumab and adalimumab in

the treatment of ankylosing spondylitis patients were identi-

fied. The endpoint of interest was ASAS20 response criterium

at 12 weeks. Results were analysed simultaneously using

Bayesian mixed treatment comparison techniques. Results

were expressed as odds ratio (OR) of positive ASAS20

response and associated 95 % credible intervals (CrIs). The

probability of being the best treatment was also reported.

Results Only five RCTs matched the inclusion criteria for

consequent data extraction and analysis. Mixed treatment

comparison of data from such RCTs demonstrated that all

subcutaneous anti-TNF-alpha agents are more effective in

inducing an ASAS20 response than placebo. Data from

24 weeks’ follow-up were not taken into account as early

escape granted in some of the studies made results at

24 weeks unmatchable. In our analysis, golimumab proved

to be the drug that more probably represents the best choice

for achieving ASAS20 response at 12 weeks, although no

differences were observed when comparing directly every

single subcutaneous anti-TNF-alpha agent against another.

Conclusions Even if the mixed treatment comparisons

between adalimumab, golimumab, certolizumab pegol and

etanercept did not show a statistically significant difference,

this analysis, based on data from only five RCTs, suggests that

golimumab, compared to placebo, may be the drug that pro-

vides the highest probability of achieving ASAS20 response

in AS patients naive to biologic treatments at 12 weeks.

Key Points

There are no head-to-head studies regarding efficacy of

anti-TNF-alpha agents in ankylosing spondylitis.

The mixed treatment comparison allows indirect

comparison of results obtained by randomized

controlled trials regarding efficacy profiles of such

treatments.

By this analysis, golimumab proved to be the agent that

more probably will grant the ASAS20 response at

12 weeks.
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Rheumatology, 2nd Medical School, La Sapienza University,

Rome, Italy

Clin Drug Investig (2015) 35:23–29

DOI 10.1007/s40261-014-0246-6



1 Introduction

Ankylosing spondylitis (AS) represents a chronic inflam-

matory disease predominantly affecting the spine with a

reported prevalence in Caucasian populations ranging from

0.05 to 0.23 %. Extra-spinal involvement may be repre-

sented by different forms of peripheral arthritis, but often

also uveitis, enteritis, and psoriasis are associated. As

previously reported, disease modifying antirheumatic drugs

(DMARDs) proved to be ineffective for the spinal

involvement of the disease [1].

Up to 50 % of patients also experience concomitant

peripheral joint arthritis [2]. Genetic characterisation of

patients strongly suggested a familial aggregation for AS.

Individuals presenting the genetic marker human leukocyte

antigen B27 (HLA-B27) have at least a 1 % chance of

developing AS, although the actual relationship between

the gene and the disease’s development is still not com-

pletely understood [3, 4].

Unlike other more common inflammatory joint disor-

ders, the use of biologic treatments is often required to treat

AS patients in order to control disease activity [5–11].

Good efficacy and safety profiles have been extensively

proven for all anti-tumour necrosis factor (TNF)-based

therapies in patients with AS [12, 13], but still a more

precise understanding of the therapeutic role of each anti-

TNF agent used to treat AS is necessary in order to allow a

more accurate choice of treatment options for these

patients. Patients presenting an inadequate response to

previous NSAID-based therapies are treated with one of the

biological agents or TNF blockers adalimumab, certo-

lizumab pegol, etanercept, golimumab and infliximab.

Such drugs present biological and clinical differences [9–

13] that may result in different efficacy outcomes in dif-

ferent pathologies where they are commonly used.

In order to perform an accurate choice of treatment, it is

necessary to compare the efficacy of all therapies available,

a comparison that has so far been performed only on a part

of clinical endpoints [14]. To date, there are no published

randomized controlled trials (RCTs) providing data on a

head-to-head comparison of the efficacy of subcutaneous

anti-TNF agents, adalimumab, certolizumab pegol, et-

acercept, golimumab and infliximab in the treatment of AS.

This kind of RCT would require very large patient num-

bers, 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) [15–18],

that represents an extension of more conventional and

commonly used frequentistic meta-analysis, allows the

performing of multiple pair-wise comparisons across a

group of different possible treatments for the same disease.

The results obtained using this statistical method may

provide an objective approach to the difficult choice of

treatment, when similarly relevant data are unavailable and

when more drugs seem to produce, in the same disease, the

same or very similar effects. More specifically, using MTC

we aimed to compare the results in terms of efficacy

obtained in different RCTs performed on each subcutane-

ous anti-TNF therapy in patients with AS on clinical

characteristics of the disease, as expressed by Assessment

in Ankylosing Spondylitis Response Criteria 20 response

patterns (ASAS20). Mixed treatment comparison, with

respect to common meta-analysis, enables the estimation of

data by assembling and analysing data extracted from

several studies on the same subject [15–18]. The objective

of this study was to compare results as reported by the most

common parameter used in clinical practice for evaluating

clinical condition of patients affected by AS, ASAS20. For

this reason, we concentrated our efforts on determining

relative efficacy profiles of currently licensed doses of

commonly used subcutaneous biological treatments for AS.

2 Methods

2.1 Identification of Eligible Studies and Data

Extraction

An extensive literature search was performed in order to

identify all RCTs performed to assess the efficacy of dif-

ferent anti-TNF treatments (etanercept, adalimumab, goli-

mumab, certolizumab pegol) 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 anti-TNF subcu-

taneous agents. The primary endpoint for analysis was the

ASAS20 response criterium [19] from baseline to

12 weeks.

Only RCTs reporting data on placebo-controlled, dou-

ble-blind studies with a follow-up of at least 12 weeks on

the efficacy, expressed as ASAS20, of subcutaneous anti-

TNF agent in patients affected by AS were included. For

each selected study, details regarding study design,

patients’ demographic and morbidity characteristics,

treatment interventions, endpoints and duration of follow-

up were analysed. Unless otherwise stated, imputation for

non-response was assumed to be through last observation

carried forward.

2.2 Data Analysis

An evaluation of the primary trial endpoint was conducted

to identify any differences, in terms of ASAS20 response,
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between the four subcutaneous anti-TNF agents analysed.

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 further analysis.

These frequencies were processed by a Bayesian analysis

(MTC), by the use of a fixed effect model. In the case of

this kind of analysis, it is fundamental to establish whether

a fixed-effect model or a random-effect model is the more

appropriate for pooling results from different studies [15].

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 Biosta-

tistics Unit, Cambridge, UK) was used to perform analysis.

WinBUGS provides Bayesian estimates, and in this spe-

cific case the analysis was conducted without prior

assumptions concerning coefficient sizes. This study

reports the 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

contains the true value of the OR with the 95 % of prob-

ability. 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.

3 Results

3.1 Identified Studies

A total of 691 articles were extracted from EMBASE and

MEDLINE using the research terms adalimumab or eta-

nercept or golimumab or certolizumab pegol and ankylosing

spondylitis and ASAS and randomized controlled trial. Of

the selected articles only 81 remained after the research

terms ‘‘randomized controlled trial’’ was added. Of the 81

articles selected, only 25 remained after a term search on

‘‘ASAS’’ was included. Only five articles [20–24] met the

inclusion criteria established and were consequently inclu-

ded in the study for data extraction. The selected articles and

their principal characteristics are shown in Table 1. Length

of study, number of patients included, demographic char-

acteristics, different disease duration and eventual concom-

itant medication, severity of disease and outcome measures

were considered as values relevant for a correct statistical

comparison, as differences in disease characteristics or

demographic characteristics could lead to imprecise results.

Consequently, all data were recorded and analysed using a

MTC with the analytic methodologies described above. Two

studies reported data from RCTs on etanercept, one study on

adalimumab, one study on golimumab, one study on certo-

lizumab pegol. The populations of the different studies were

similarly represented, in terms of gender and disease dura-

tion and characteristics. The Bath Ankylosing Spondylitis

Disease Activity Index (BASDAI) score, which is reported

for all studies, is similar in all studies and a statistical

examination of any considerable differences did not show

any significance. Data such as erythrocyte sedimentation

rate, C-reactive protein and presence of HLA-B27 gene

polymorphism were not reported in all studies [22] and

consequently were not analysed. Data regarding 24 weeks

were excluded from analysis as a large part of the studies’

results [23, 24] were composed at 24 weeks by populations

who previously took placebo and shifted, at week 12, to

active arm.

3.2 ASAS20 Responses

All subcutaneous anti-TNF agents proved to be more

efficacious in inducing an ASAS20 response than placebo.

In our analysis, golimumab resulted as the anti-TNF agent

with the highest probability of being the best treatment in

inducing ASAS20 response at 12 weeks with a percentage

of 41.28 %. Adalimumab and etanercept had percentages

of 29.91 and 28.74, respectively (Table 2). Further analy-

ses, performed in order to make direct comparisons

between the four anti-TNF agents included in the study

showed a significant difference when comparing etaner-

cept, adalimumab and golimumab versus certolizumab

pegol. Etanercept, adalimumab and golimumab proved to

be more efficacious than certolizumab pegol in inducing an

ASAS20 response (Table 3).

4 Discussion

MTC use, which is growing among scientists dealing with

different fields of medicine, allows the simultaneous mul-

tiple meta-analysis of different pair-wise comparisons

across a range of different interventions. In fact, literature

reports an increasing use of this statistical tool in several

diseases: it has been used to analyse stroke prevention [25],

antidepressants [26], psychological interventions in heart

disease [27] and the prevention of vertebral fractures in

women with postmenopausal osteoporosis [28], and in the

field of rheumatology some papers were produced on

rheumatoid arthritis and psoriatic arthritis [29–31]. Previ-

ously, we reported results of MTC analysis on psoriatic

arthritis and on AS [32]. The study on AS reported data on

the three anti-TNF agents available during the time of
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publication (infliximab, etanercept and adalimumab). Inf-

liximab was shown to be the biologic agent more likely to

produce an ASAS20 response with a probability of 72 % of

being the best treatment with the above-mentioned efficacy

parameter compared to adalimumab and etanercept, which

showed a probability of 13 and 15 %, respectively. The

decision to undertake this new analysis was made because

two new subcutaneous anti-TNF-alpha agents, certo-

lizumab pegol and golimumab, have been approved for

therapy in AS and that subcutaneous drugs seem to offer a

better adherence to therapy for patients undergoing bio-

logic therapy [33, 34]. The license for the use of

Table 1 Data extracted from Randomized Controlled Trials included in the mixed treatment comparison

Variable Davis et al. [21] Calin et al. [22] van der Heijde et al. [20] Inman et al. [23] Landewè et al. [12]

Year of publication 2003 2004 2006 2008 2014

Follow-up duration (weeks) 24 24 24 24 24

Drug Etanercept Etanercept Adalimumab Golimumab Certolizumab pegol

Active arm

Number of patients 138 45 208 140 111

Age of patients (years) 42.1 45.3 ± 9.6 41.7 ± 11.69 38 39.1 ± 11.9

% of male patients 76 80 75.5 70 60.4

Disease duration (years) NR 15 ± 8.8 11.3 ± 9.9 11 6.9

ESR (mm/h) 25.1 ± 1.8 NR NR NR NR

CRP (mg/dl) 1.9 ± 0.2 NR 1.8 ? -2.2 1.1 1.27

HLA-B27 (%) 84 NR 78.40 81.80 78.40

Placebo arm

Number of patients 139 39 107 78 107

Age of patients (years) 41.9 40.7 ± 11.4 43.4 ± 11.2 41 39.9 ± 12.4

% of male patients 76 77 73.8 70.5 60.7

Disease duration (years) NR 9.7 ± 8.2 10 ± 8.34 16 7.7

ESR (mm/h) 25.4 ± 1.9 NR NR NR NR

CRP (mg/dl) 2.0 ± 0.2 NR 2.2 ± 2.9 1.15 1.15

HLA-B27 (%) 84 NR 79.40 84.60 81.30

Naive to biologic treatment Yes Yes Yes Yes Yes

Values are expressed as mean ± SD unless specified otherwise

NR not reported, ESR erythrocyte sedimentation rate, CRP C reactive protein, HLA human leukocyte antigen

Table 2 Probability of being the best treatment in inducing ASAS20

response for all biologic drugs and placebo

Agents ranking Probability (%) SD

1 Golimumab 41.28 0.49

2 Adalimumab 29.91 0.46

3 Etanercept 28.74 0.45

4 Certolizumab pegol 0.07 0.02

5 Placebo 0 0

ASAS20 Assessment in Ankylosing Spondylitis Response Criteria 20,

SD standard deviation

Table 3 Odds ratio on the comparison of all included treatments:

biologic drugs and placebo

Agents comparison Mean SD Median 2.5 %

CrI

97.5 %

CrI

Etanercept vs

Adalimumab

1.29 0.8 0.36 0.58 2.53

Etanercept vs

Golimumab

1.42 0.97 0.34 0.44 2.5

Etanercept vs

Certolizumab

0.52* 0.31 0.14 0.27 1.11

Etanercept vs placebo 0.23* 0.12 0.07 0.15 0.39

Adalimumab vs

Golimumab

1.2 0.61 0.43 0.35 2.15

Adalimumab vs

Certolizumab

0.44* 0.18 0.18 0.2 0.98

Adalimumab vs

placebo

0.19* 0.05 0.1 0.11 0.35

Golimumab vs

Certolizumab

0.42* 0.21 0.15 0.21 1.28

Golimumab vs placebo 0.18* 0.07 0.08 0.11 0.48

Certolizumab vs

placebo

0.47* 0.13 0.26 0.26 0.77

CrI credibility interval

* indicates statistically significant differences observed in the

comparison
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certolizumab pegol in AS is still pending in European

countries, while golimumab is marketed all over Europe for

use in AS.

In addition, intravenous therapies based on the admin-

istration of anti-TNF antibodies are often burdened by

heavier costs due to hospitalisation and dosage adjustments

that are often needed.

The objective of this study was to compare the evidence of

efficacy of subcutaneous TNF-alpha blockers in terms of

ASAS20 response, also taking into account rapidity of action

in symptom relief. 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 well as rapidity of onset of action

As no head-to-head studies were available in literature

among biologic drugs used in AS, the use of MTC in this

field may represent a valid tool for gathering further data.

The five studies included in this MTC were placebo-

controlled trials having the same primary endpoint:

ASAS20 response. As already reported, these five studies

do not differ in terms of disease diagnosis criteria, disease

duration and co-medications used or in the demographic/

pathologic characteristics of the populations. The fact that

the studies had similar disease and demographic charac-

teristics excludes these factors as causing relevant hetero-

geneity across trials and therefore the indirect estimate was

not affected by biases generated by significant differences.

The result of this MTC suggests that golimumab is

expected to provide the highest probability of granting

ASAS20 response of the TNF-alpha blockers studied in

comparison to placebo in the treatment of AS. Golimumab

shows a 41.28 % of probability of being the best treatment of

all compared with placebo. In short-term therapy, it is essen-

tial to know whether a drug may grant a rapid onset of

symptom relief. Patients starting a biologic therapy having

already failed a previous therapy based on NSAIDs and are at

risk of severe impairment due to disease progression. In this

sense, golimumab proved to be the most probably efficacious

drug to grant an ASAS20 response in the short term. Data from

24 weeks were not taken into account for further examination

as part of the studies reached 24 weeks of follow-up after

shifting part of the placebo or low dosage arm to different

dosages of biologic drugs [23, 24], generating populations

who received different treatments during follow-up. Simi-

larly, part of the RCTs taken into account for this analysis

reported data on clinical efficacy as ASAS40 and ASAS5/6

[23, 24] and part as ASAS50 and ASAS70 [20–22], and this

prevented the comparison between such data.

The lack of a statistically significant difference in the

direct comparison between golimumab, adalimumab, cer-

tolizumab pegol and etanercept (one compared to another)

can be attributed to the small number of trials examined

and sample dispersion. The Bayesian approach of MTC

allows a probabilistic reading of clinical data and ranking

of the interventions. This information may help physicians

in choosing the best probable treatment management since

the associated uncertainty of each intervention and the

estimated size of the treatment effect are translated into one

measure: the probability that a certain treatment, amongst

compared treatments, might provide the best outcome.

Measuring the probability of choosing the most effective

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

consider the differences in stopping radiological disease

progression and not merely the improvement in the clinical

surrogate measure, i.e. ASAS20.

There are no comparative data regarding the safety or

radiologic worsening of treatment using anti-TNF-alpha

agents in AS; however, even long-term studies of each of

the four agents analysed seem to report good safety profiles

for all of them when compared to placebo. Data regarding

radiologic worsening are still fragmentary.

As regards patients’ compliance to anti-TNF-alpha

therapy for AS, Pavelka et al. reported the follow-up of

patients with AS in ATTRA, the Czech National Registry

[34], which showed that subcutaneous administration is an

efficacious and safe method of treatment.

In this analysis, golimumab demonstrated to be the

treatment that at 12 weeks seem to grant the best possi-

bility of reaching ASAS20. This would be essential for a

more complete consideration of the therapy allocation for

both clinicians and decision makers.

We have to acknowledge for this study several limitations,

first of all, the number of trials included in the analysis, based

on the RCTs available in scientific literature. Moreover, as

mentioned above, there were differences in trial procedures

and populations, although they do not seem to invalidate the

results obtained; in any case, the MTC technique is able to

recognise the possibility of heterogeneity of data and to assess

the uncertainty of the estimated relative risks. Another limi-

tation of this study is that it is not possible to perform a ran-

domised effect model MTC, due to the small sample. Indeed,

in order to take account of unmeasured or unknown differ-

ences in covariates that may act as effects across trials, the use

of a random-effect approach would highlight the possibility of

the presence of heterogeneity in the compared trials. In this

analysis only a fixed-effect model was used.

5 Conclusions

This study provides data for both clinicians and decision

makers, contributing to quantify and compare the rate of
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positive ASAS20 response in patients with AS undergoing

subcutaneous biologic therapy, and it may be relevant from

a social point of view given the burden of AS affecting the

population of working age. This can also improve the

ability of clinicians and decision makers to identify the

more cost-effective treatment.

Although the MTCs, based on five RCTs available in

scientific literature, between golimumab, certolizumab

pegol, adalimumab and etanercept did not show a statisti-

cally significant difference, this analysis suggests that, of

all analysed anti-TNF drugs, golimumab, compared to

placebo, seems to provide the highest rate of ASAS20

response in AS patients at 12 weeks. Also, a more com-

plete analysis, including decision factors other than

ASAS20, such as compliance, patient preferences, co-

morbidities and pharmacoeconomical evaluations are nec-

essary for a more all-encompassing evaluation.
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