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Abstract. — OBJECTIVE: Ankylosing Spon-
dylitis (AS) is a chronic form of arthritis of un-
known origin affecting the spine. In this study,
we aimed to identify clinical and safety profiles
of adalimumab, certolizumab pegol, etanercept,
golimumab, infliximab, and secukinumab that
are biologic agents (biologics) mainly used for
the treatment of AS, and to understand differ-
ences between them.

MATERIALS AND METHODS: An extensive
literature research was performed in MEDLINE
and EMBASE in order to identify all network me-
ta-analysis (NMA) and/or mixed treatment com-
parison (MTC) papers. NMA and/or MTC, with a
ranking of the effectiveness of biologics in AS,
were included in the analysis, and the adhesion
to ISPOR guidelines was investigated.

RESULTS: 60 studies were identified; after ap-
plying exclusion criteria methods, 7 studies un-
derwent further analysis. Infliximab was the drug
that exhibited the highest probability for achiev-
ing clinical efficacy by ASAS20 at 12 and 24
weeks. Considering only subcutaneous biolog-
ics, Golimumab achieved the highest probability
for achieving the ASAS20 response at 12 weeks.

CONCLUSIONS: Results from NMA on the use
of biologics in AS indicates infliximab emerged
as the drug with the highest probability of ob-
taining ASAS20 response both at 12 and 24
weeks of treatment.

Key Words:
Ankylosing spondylitis, Network meta-analysis, Bio-
logic drugs, Infliximab.

Introduction

Ankylosing Spondylitis (AS) is a chronic form
of arthritis of unknown origin belonging to the

broader category of spondyloarthropathies that
primarily affects the spine. AS mainly involves
the spinal joints and frequently progresses into
ankylosis of the affected joints', but up to half
of the patients experience concomitant periph-
eral joint arthritis®. Several studies reported the
relevance of HLA-B27 as a genetic marker pre-
disposing for the development of disease and sug-
gesting familial aggregation, although the rela-
tionship between such gene and the development
of the disease remains unclear’. Differently from
other and more common kinds of arthritis, such
as rtheumatoid arthritis and psoriatic arthritis,
the use of biologic drugs is more often required
to achieve disease control, as only a very small
part of patients reaches low disease activities
with non-biologic disease-modifying antirheu-
matic drugs (DMARDs) or non-steroidal anti-in-
flammatory drugs (NSAIDs)*'°. At now, several
anti-TNF (originator and biosimilar) and no an-
ti-TNF agents are available for treating AS, and
new drugs characterized by new treatment targets
are under development. Adalimumab ADA, Cer-
tolizumab pegol CPG, Etanercept ETA, Golim-
umab GOL, Infliximab INF, and Secukinumab
SEC have been registered for use in AS, and their
efficacy and safety profiles have been extensively
investigated. The lack of head to head studies
comparing efficacy and safety profiles between
anti-TNF agents in AS makes difficult the choice
of drug to administer and often based on personal
experience or costs, instead of choosing treat-
ment on efficacy and safety parameters according
to the subset of disease or prognostic factors of
response to therapy. Registry studies based on the
use of anti-TNF agents seem to point out similar
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results for different drugs, thus generating confu-
sion in the prescription patterns of biologic drugs
for such disease. Head to head randomized con-
trolled trials (RCTs) would require a large patient
sample size in order to identify differences in
terms of efficacy of biologic agents, thus leading
to high costs. Nevertheless, a tailored therapy for
patients affected by AS remains an unmet need.
Highlighting eventual differences in such effica-
cy and safety profiles is essential in this sense,
and in the absence of head to head studies, NMA
and indirect comparisons represent the only inno-
vative and useful tool'"">.

Differently from common meta-analysis, where
multiple studies are included in the analysis to
evaluate the efficacy of a single agent vs. placebo
or other treatments, NMA grants the possibility
of the estimation of several parameters from
studies that performing similar comparisons and
makes possible to obtain new and relevant data by
assembling and analyzing data of several studies
on the same subject.

Some studies'®?" have been published using
this statistical tool in different pathologies, such
as metabolic, cardiovascular, neuropsychiatric
and rheumatic diseases, and its use is spreading
in the scientific literature. Also, for AS, several
papers reporting the NMA meta-analysis of pre-
vious RCTs were published. By this paper, we
aimed to identify all published Bayesian network
meta-analysis reporting the use of biologic drugs
in patients affected by AS, to perform a synthesis
of the evidence and to better understand the dif-
ferences among them.

Materials and Methods

To identify all published papers reporting on
the use of Bayesian network meta-analysis on
efficacy and safety profiles of biologic drugs
administered in patients affected by AS, an
extensive literature research was performed in
MEDLINE and EMBASE in the period from
January 1%, 2010 to December 31%*, 2019. Both
engines were intensively searched, and search
terms included a combination of the following
terms: (“Indirect comparison” OR “Bayesian”
OR “Network metanalysis” OR “Probabilistic
metanalysis” OR “Mixed treatment compari-
son”) AND “Ankylosing Spondylitis” AND
(“Biologic” OR “anti TNF” OR “Biosimilar”
OR “ Adalimumab” OR “Certolizumab” OR
“Etanercept” OR “Infliximab” OR “Golimum-

ab” OR “Secukinumab”). Results of research and
any further selection of articles were performed
using EndNote X7. A first screening was per-
formed by a single reviewer for identifying and
excluding from further analysis all duplicates.
Consequently, the remaining papers were ana-
lyzed independently by three reviewers. A second
screening was performed by each reviewer by
title. Then, all three reviewers analyzed the re-
maining abstracts, and papers that only published
abstracts without full text and articles published
in a language different from English were ex-
cluded. In a further step, the remaining abstracts
were analyzed in full text. Network meta-analysis
that reported the results of a MTC with ranking
of biologic drugs in the probability of obtaining
a certain endpoint, were included in the analysis,
and the adhesion to ISPOR guidelines was eval-
uated??. Discrepancies in results obtained at each
step by different reviewers were resolved by face
to face discussion.

All included meta-analysis were then analyzed
for main characteristics, such as characteristics
of included studies for NMA, characteristics of
patients and of treatment arms of studies ana-
lyzed, methodology of analysis and presentation
of results in the light of appropriateness of meth-
odology for NMA?. Results obtained by includ-
ed studies were then summarized and critically
discussed.

Results

60 studies were identified by the search strat-
egy. Twenty-one studies were found to be du-
plicates produced by the search methodology.
Twenty-seven studies were then excluded by ti-
tle screening, with accordance among reviewers.
Similarly, 3 studies were excluded after abstract
analysis. None of the remaining studies were ex-
cluded for being abstracts only or for being writ-
ten in a language different from English. Again,
accordance was achieved for excluding 2 studies
after full-text analysis. In the end, 7 studies were
included for further analysis®*?’ (Figure 1). The
main characteristics of the included studies are
reported in Table 1.

The first published MTC regarding the use of
biologic drugs in patients affected by AS was
performed by Migliore et al** in 2012. This me-
ta-analysis focused on the use of licensed doses
for the three anti-TNF available in 2012 for the
therapy of AS, ADA, ETA and INF. The primary
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Figure 1. Flow Diagram for the selection of studies.

and only outcome measure considered for MTC
was ASAS20, with a length of follow-up of 24
weeks. All included studies reported the use of
anti-TNF agents in patients naive to biologic
treatments. This study included in its analysis
3 RCTs, 1 for each biologic agent, with similar
characteristics in terms of demographic and dis-
ease characteristics. Also, the length of follow-up
was similar among all three studies included in
the analysis. Migliore et al** evaluated ASAS20
gathering data from such studies and in the final
ranking, INF at a dose of 5 mg/kg every 8 weeks
resulted as the drug with the highest probability
(75%) of inducing ASAS20 response at 24 weeks,
followed by ETA and ADA with a percentage of
15% and 13% respectively.

A second report was published in 2013 by Shu
et al®. They included in the analysis 14 studies
reporting the use of 4 biologic agents, ADA,
ETA, INF and GOL in patients affected by AS
and naive to biologic treatments. Studies includ-
ed in this analysis also reported the use of not
licensed doses, and for this reason, the number
of included studies is larger. The length of fol-
low-up was similar among studies, varying from
10 to 14 weeks. Once again, INF at a licensed
dosage of 5 mg/kg resulted as the drug with
the highest probability of inducing ASAS20 re-
sponse at 12 weeks in terms of odds ratio (OR)
(6.53), followed by GOL 100 mg (6.09), ETA 50
mg (5.98), GOL 50 mg (5.94), ADA (5.92) and
ETA 25 mg (5.05).

In the following year, another NMA was pub-
lished by Baji et al*. In this paper, data coming
from 13 different RCTs were included, 8 studies
having a follow-up of 12 weeks, and 5 studies
having a follow-up of 24 weeks. In the researches
with a follow-up of 12 weeks, 5 reported the use
of ETA, 2 the use of ADA and 1 the use of INF.
Among studies with a follow-up of 24 weeks, 1
reported the use of ADA, ETA, GOL, INF, and bi-
osimilar INF, respectively. This was the first study
including data on a biosimilar biologic drug, the
biosimilar of INF, CT-P13, thus leading to a larger
number of included investigations. In this study,
the probability of inducing ASAS20 response was
evaluated at 12 and 24 weeks. Also, safety out-
comes were evaluated. All patients included in the
studies analyzed were naive to biologic treatments.
At 12 weeks, INF proved to be the drug with the
highest probability of inducing ASAS20 response
(OR 6.74), followed by biosimilar INF (OR 6.39),
GOL (OR 5.7), ADA (OR 4.81) and ETA (OR 4.35).
At week 24, INF showed the highest OR compared
to placebo (7.2), followed by INF biosimilar (6.25),
ADA (4.81), ETA (4.76), and GOL (4.53).

In the fourth study, performed by Migliore et
al?’ in 2014, only subcutaneous anti-TNF agents
were considered, and the ASAS20 remained as
the primary endpoint of evaluation. A total of 5
studies reporting the use of ADA, ETA, GOL,
and CPG were taken into account for evaluation,
and the follow-up time was set at 12 weeks. 2
studies reported the use of ETA and 1 study re-
ported the use of each of the remaining biologic
agents. GOL resulted as the biologic agents with
the highest probability of achieving ASAS20 re-
sponse at 12 weeks out of all the subcutaneous bi-
ologic agents. The rank was: GOL 41.28%; ADA
29.91%; ETA 28.74%; CPG 0.07%.

In 2016, Betts et al*® published a NMA of 15
studies that reported effectiveness in terms of
number needed to treat (NNT) for ASAS 20
and ASAS 40 of anti-TNF (ADA, ETA, INF,
CPG, GOL) and non-anti-TNF (SEC) molecules.
Follow up times were 12-14-16 weeks. Patients
treated with INF had the lowest NNT for ASAS
20 (2.3), followed by ADA (2.8) and ETA (2.9).
INF also had the lowest NNT for ASAS40 (2.6)
followed by ADA (2.8) and SEC (3.5). Regarding
costs, ADA had the lowest 12-week cost per ad-
ditional ASAS20 responder, followed by INF and
GOL, as well as ADA had the lowest cost also
per additional ASAS40, followed by INF and
ETA. This study was conducted from a US payer
perspective.
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In the same year, Chen et al®’ reported da-
ta from 14 studies in patients affected by AS
treated with an anti-TNF agent, anti-IL-23 or
anti-IL-17, and placebo. This NMA reported
results in terms of efficacy considering ASAS20
as primary outcome, and ASAS40, ASAS5/6,
ASAS partial remission and 50% improvement
in baseline Bath Ankylosing Spondylitis Disease
Activity (BASDAI 50) as secondary outcomes at
week 12 or 14. INF had the highest probability
of being ranked the best for achieving ASAS20,
followed by SEC.

For the other outcomes, no regimen was
significantly superior to others; however, INF
resulted the best treatment for ASAS40 and
ASAS5/6. All anti-TNF agents demonstrated to
be more efficacious than placebo. No statistical-
ly significant differences were found comparing
a biologic agent against another directly.

Wang et al*® in 2018 reported results of 20
studies regarding patients with AS in treat-
ment with ADA, CPG, ETA, GOL, INF, and
INF biosimilar. Results at 12 and 24 weeks
showed that anti-TNF was significantly bet-
ter than placebo in reducing BASDAI and
Bath Ankylosing Spondylitis Functional In-
dex (BASFI) at 12 weeks and 24 weeks. In the
analysis that included the open-label study,
INF was significantly better in reducing BAS-
DAI than ADA (relative effect size —1.1 MD
95% Crl -2 to —0.1), CPG (relative effect size
—1.2 MD 95% Crl -2.3 to —0.02), ETN (rela-
tive effect size —1.2 MD 95% Crl —1.8 to —0.4),
and GOL (relative effect size —1.1 MD 95%
Crl -2 to —0.1). INF was also significantly
better in reducing BASFI than CPG (relative
effect size —1.0 MD 95% Crl —1.7 to —0.03).
Biosimilar INF had a similar result in reduc-
ing BASDALI than INF. In the analysis that ex-
cluded the open-label trial, INF was not more
efficacious than other anti-TNF in decreasing
BASDAI but when adjusted for baseline BAS-
DAI and baseline C reactive protein (CRP),
INF remained superior to CPG, ADA, and
ETN in reducing BASDAI. When adjusted for
baseline BASFI and baseline CRP, INF was
superior to CPG and ETN in BASFI reduction.
At 24 weeks, the advantage of INF seen at 12
weeks was not present, but INF showed a nu-
merically higher reduction in terms of BASFI,
BASDAI, and CRP.

We report in Table II a column with specific
details, if present, about bias related to consisten-
cy or homogeneity in the different NMAs.

Discussion

In this systematic review, we aimed to iden-
tify, analyze and report NMA investigating the
use of biologic agents in patients affected by
AS. Differently from frequentist meta-analysis,
probabilistic meta-analysis allows the indirect
comparison of various treatments for a single
disease respect to a single or multiple endpoints.
In this review, we summarized data about the use
of anti-TNF agents approved for the treatment of
AS at their licensed doses. We tried to summarize
results obtained in previous NMA and to check
for concordance of results, in terms of clinical
outcomes, mainly at 12 and 24 weeks. Globally
all anti-TNF agents demonstrated to be more
efficacious than placebo. No statistically signif-
icant differences were found comparing directly
approved biologic agent against another; howev-
er, a trend could be outlined. Interestingly, INF
proved to be the treatment characterized by the
highest probability of inducing ASAS20 response
in patients affected by AS to biologic treatments
at 12 and 24 weeks in all studies where its use
was analyzed. INF also resulted the best choice
in terms of efficacy in a single study investigat-
ing other parameters of efficacy, such as BASFI,
BASDAI, CRP at 12 weeks; with a good profile
also for ADA regarding the reduction of CRP*.
When only subcutaneous anti-TNF were taken
into consideration?’, GOL proved to be the drug
with the highest probability of achieving ASAS20
response; this data was confirmed by Baji et al*®,
who proved GOL to be the drug with the highest
probability of inducing ASAS20 response after
infusional drugs, such as INF and biosimilar INF.
Regarding INF biosimilar, Wang et al** showed
that at 12 weeks biosimilar INF-dyyb had MD
similar to INF in reducing BASDAI, consistent
with the result of the head-to-head trial between
the 2 drugs, but at 24 weeks, the advantage of
INF seen at 12 weeks was not present®. Also,
SEC showed a good profile in terms of efficacy
regarding ASAS 20 and ASAS 40%. These re-
sults were interesting, but SEC is studied in a few
NMA (two reported works)*®%,

It is interesting to report the concordance
among all included studies in terms of results, al-
though studies were performed in different years
and included a growing number of studies and/or
biologic agents.

Results of NMAs may represent a useful tool
for decision-makers when approaching the diffi-
cult choice of what drug to administer in a certain
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Table II. Results reported from MTC metanalyses included in the study about primary outcomes/ASAS response.

Reported bias

Author/ | Primary | Biologic | about consistency
Year outcome Drug and homogeneity Ranking Results
Migliore ASAS20 INF, No test performed to INF: 1 (75%%); All anti-TNF agents demonstrated to be
etal 2012% ETA, check the consistency | ETA: 2™ (15%*); more efficacious than placebo.

ADA or homogeneity ADA: 34 (13%*) INF shows a 72% probability of
being the best treatment, while ADA and
ETA show 13% and 15%, respectively.

No differences comparing directly
an anti-TNF-o agent against another.
Shu et al ASAS20 INF, No test performed to INF: 15 (6.53%); All treatments demonstrated to be more
2013%» GOL, check the consistency | GOL 100: 2 effective than placebo. Ranking analysis
ETA, or homogeneity (6.09%); ETA suggested that INF 5 mg/kg at 0, 2, 6 weeks
ADA 50: 31 (5.98"); may be the best efficacious therapy
GOL 50:4t compared with placebo followed by GOL
(5.94%); ADA: 100, ETA 50, GOL 50, ADA and ETA 25.
57 (5.92%), ETA All of these between-treatment comparisons
25: 7" (5.05%) detected no significant analysis.
Baji
etal 2014% ASAS20 INF, No test performed to INF: 15 (6.74%); At week 12, regarding ASAS 20 resposne

INF check the consistency | INF bio: 2™ (6.39%); | all biologicals were found to be significantly

biosimilar, | or homogeneity GOL: 3% (5.7%); superior to placebo. Compared to placebo,

GOL, ADA: 4" (4.81%), INF showed the highest OR 6.74, followed

ADA, ETA: 5™ (4.35%) by INF biosimilar OR 6.39, GOL OR 5.7,

ETA ADA OR 4.81, ETA OR 4.35.

Baji ASAS20 INF, No test performed to INF: 15 (7.2%); At week 24, all biologicals were found to
etal 2014% INF check the consistency | INF bio: 2™ be significantly superior to placebo. INF
biosimilar, | or homogeneity (6.25%); ADA: showed the highest OR compared to

GOL, 3 (4.81%); ETA: placebo OR 7.2, followed by INF

ADA, 4™ (4.76"), GOL: biosimilar OR 6.25, ADA OR 4.81, ETA

ETA 5% (4.53%) OR 4.76 and GOL OR 4.53.

Migliore ASAS20 GOL, No test performed to GOL: 1% (41.28%%*);| All subcutaneous anti-TNF-alpha agents
etal 201577 ADA, check the consistency. | ADA: 2%(29.91%*);| are more effective in inducing an ASAS20

ETA, or homogeneity ETA: 3" (28.74%*) | response than placebo. At 12 weeks,

CPG CPG: 4" (0.07%*) | GOL resulted the drug that more probably
represents the best choice with a percentage
of 41.28%, followed by ADA 29.91%, ETA
28.74% and CPG 0.07%. No differences
were observed when comparing directly
anti-TNF-alpha agent against another.

Betts ASAS20/ INF, No test performed to INF: 1% (2.3 At 12 weeks INF had the lowest NNT 2.3,
etal 2016 ASAS40 ADA, check the consistency | 71,7%%); ADA: followed by ADA 2.8, ETA 2.9, GOL and

ETA, or homogeneity 27 (2.8°% 63.6%*); | SEC 3.1 and CPG 4.4. In terms of percentage to

GOL, ETA: 34(2.9% be the best treatment the ranking is the same:

SEC, 62%*); GOL: INF 71.7%, ADA 63.6%, ETA 62%, GOL

CPG 41 (3.1° 60.3%*); | 60.3%, SEC 60.2%, CPG 50.5%. For ASAS 40,

SEC: 4% (3.1°% INF had the highest probability to be the best
60.2%%*) CPG: treatment with a NNT of 2.6 and a parcentage

5% (4.4°; 50.5%*) of 51,5%, followed by ADA 2.8/49.2%, SEC
3.5/42,4%, ETA 3.6/41.4%, GOL 4.0/38.6%,
and CPG 4.7/34.8%.

disease in order to obtain a given endpoint. Espe-
cially in the case of biologic drugs for AS, where
all drugs seem to have similar efficacy character-
istics due to the lack of head to head trials.

(Continued)

In the case of AS, between all available bi-
ologic drugs, INF results as the drug with the
highest probability of achieving ASAS20, and
this should be taken into account when starting
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Table Il {Continued). Results reported from MTC metanalyses included in the study about primary outcomes/ASAS response.

Reported bias

50 -1.45° (-145°)
BASFL:

Author/ | Primary | Biologic about consistency
Year outcome Drug and homogeneity Ranking Results
Chen ASAS20/ INF, Inconsistent ASAS20: INF: With regard to ASAS20, ADA, ETA 25 mg
etal 2016 | (ASAS40/ | ETA, loops would 13(3.23%); BIW or 50 mg QW, GOL 100 mg or 50 mg,
ASASS5/6/ SEC, be identified if SEC: 2 (2.35%); and INF were associated with better therapeutic
ASAS GOL, they yielded a ADA: (2.807), effect when compared with placebo. INF had
partial ADA 95% Crl excluding GOLS50: (2.73%); the highest probability of being ranked the best
remission/ 0. Second, they GOLI100: (2.75™), for achieving ASAS20, followed by SEC. INF
BASDAI50 secondary used no ETAS0: (1.99%), had the highest probability of being ranked the
outcome) desplitting technique ETA25: (2.09%) best for secondary outcomes, ASAS40 and
to assess whether ASASS5/6
direct and indirect
evidences are in
agreement. A large
p-value indicates
no significant
inconsistency
was found.
Wang BASFI INF, Due to the small BASDAL All anti-TNF were significantly more
etal 2018 | BASDAI INF number of head-to- INF bio: 1#-2.67* | efficacious than placebo in reducing BASDAI
CRP biosimilar, | head trials, the authors | (-1.94%); and BASFI scores. All Anti-TNF except CPG
ETA, assumed consistency INF: 2 -2.66° and INF-bio were superior to placebo in
GOL, in the analysis, which (-1.959) decreasing CRP. At 12 weeks in the analysis
ADA, reduces confidence ADA: 3% -1.55 that included the open-label study INF was
CPG in the estimation. (-1,54%); GOL: significantly more efficacious in reducing
39-1.55% (-1.47) BASDAI than ADA, CPG, ETA, and GOL.
ETA: 4%-1.51% INF was also significantly better in reducing
(-1.76°); CPG: BASFI than CPG, no significant differences

among anti-TNF comparing changes in CRP.
In the analysis that excluded the open-label trial

INF: 1-1.99% INF was not more efficacious than other anti-TNF
(-1.53%); INF in decreasing BASDAI but when adjusted for
bio: 2" -1.81% baseline BASDAI and baseline CRP, INF
(-1.34%), GOL: remained superior to CPG, ADA, and ETN
34-1.57§ (-1.57°); in reducing BASDAIL When adjusted for

ADA: 4™ -1.44% baseline BASFI and baseline CRP, INF was
(-1.46%); ETA: superior to CPG and ETN in BASFI reduction.
51 -1.43% (-1.54%); At 24 weeks, no statistically significant

CPG: 6" -1.05% difference in the reduction of BASDAI,

(-1.05%) BASFI, or CRP. However INF-bio had

numerically a higher reduction in BASDAT and
BASFI compared to other anti-TNF, and ADA
had a numerically higher reduction in CRP
compared to other anti-TNF

*Probability of being the best treatment expressed as 0-100 percentage; “Probability of being the best treatment expressed
as Odds Ratio; °Probability of being the best treatment expressed as Number Needed to treat (NNT); “Subtotal forest plot;
SProbability of being the best treatment expressed as effect size in analysis with open label trial; “Probability of being the best
treatment expressed as effect size in analysis without open label trial.

a biologic therapy. Notably, ASAS20 is not the
only endpoint, and clinicians and decision-mak-
ers should take into account also other endpoints,
as ASAS40, ASAS 5/6, BASFI, BASDAI, safety,
compliance, costs, immunogenicity, loss of effi-
cacy, and consequent need for an increase in dos-
ages. In this sense, it is clear that different factors
should be considered for a more comprehensive
understanding of the correct therapeutic pro-

cess. Clinical Multiple Criteria Decision Analysis
(CMDA)*! could prove a useful tool for evaluating
together several parameters. CMDA allows to
gather and analyze data on different parameters
and to establish a ranking of various possible in-
terventions related to a given objective. Clinical
Multicriteria Decision Analysis represents the
application of CMDA in the field of therapeutic
choice to perform by physicians, such as the case
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of various biologic interventions in AS. CMDA
takes into account several criteria and related
parameters, weighted by a panel of experts for a
given disease. The efficacy profiles of different
interventions are obtained as a score determined
by the probability to reach the selected parameter
multiplied by the weight of the same parame-
ter. In this way, the information arising from
the weight of the criteria and the probability of
success for the particular criterion are gathered
and analyzed to establish an overall ranking, that
could grant clinicians and decision-makers the
possibility of performing a comprehensive judge-
ment on which drug to administer. CMDA could
grant the possibility of a better understanding of
the role exerted by all available treatments in the
management of a disease, including costs related
to therapy, thus influencing in a complete way the
decisional process of which drug to administer.

For this study, we have to acknowledge several
limitations. First of all, it is the small number of
NMA available in the scientific literature regard-
ing AS who strictly followed ISPOR guidelines
for the design of NMA?. Since studies were
performed in different years and with different
methodologies, number of included studies var-
ied across meta-analysis. Shu et al*® and Chen et
al? also included treatment arms with doses not
licensed for clinical use, although it was reported
in this study how the licensed doses for each bio-
logic drug were the most effective in obtaining a
response. Furthermore, it remained unclear how
the evaluation from OR to a different scoring
reported in one of the figure of the article of Shu
et al*® was performed. For such reason, we only
reported OR, whose methodology of evaluation
was clearly reported. At the same time, we have
data only at a restricted follow-up time, 12 and
24 weeks, while biologic treatments for AS often
last for longer periods, and we have no compar-
ative data on the long course of therapy. In this
sense, integrating data coming from NMA with
observational data obtained from national and in-
ternational registers on the use of biologic drugs
could prove useful.

Conclusions

A previous frequentist meta-analysis reported
how biologic drugs in AS seem to exert similar
effects in obtaining ASAS20%. On the contrary,
NMA points out differences in the probability to
achieve the clinical endpoint, giving the possibil-

ity of creating a ranking. Analyzing results from
network meta-analysis on the use of biologics in
AS, INF emerged as the drug with the highest
probability of obtaining ASAS20, as well as other
outcomes response (1 study), both at 12 and 24
weeks of treatment. However, open questions still
remain, especially on several other endpoints and
on long-term treatment. Hence, further data need
to be analyzed with more comprehensive and
complex evaluation systems.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) Sieper J. Developments in the scientific and clin-
ical understanding of the spondyloarthritides. Ar-
thritis Res Ther 2009; 11: 208.

2) Wittoek R, Mielants H. Clinical assessment in the
spondyloarthropathies. Adv Exp Med Biol 2009;
649: 1-16.

3) Sengupta R, Stone MA. The assessment of an-
kylosing spondylitis in clinical practice. Nat Clin
Pract Rheumatol 2007; 3: 496-503.

4) Sfikakis PP. The first decade of biologic TNF an-
tagonists in clinical practice: lessons learned, un-
resolved issues and future directions. Curr Dir
Autoimmun 2010; 11: 180-210.

5) McCormack PL, Wellington K. Etanercept: in an-
kylosing spondylitis. BioDrugs 2004; 18: 199-205.

6) Breban M, Vignon E, Claudepierre P, Devauchelle
V, Wendling D, Lespessailles E, Euller-Ziegler L,
Sibilia J, Perdriger A, Mezieres M, Alexandre C,
Dougados M. Efficacy of infliximab in refracto-
ry ankylosing spondylitis: results of a six-month
open-label study. Rheumatology (Oxford) 2002;
41: 1280-1285.

7) Braun J, Davis J, Dougados M, Sieper J, Van
Der Linden S, Van der Heijde D. ASAS Work-
ing Group First update of the international ASAS
consensus statement for the use of anti-TNF
agents in patients with ankylosing spondylitis.
Ann Rheum Dis 2006; 65: 316-320.

8) European Medicines Agency. Enbrel 25mg pow-
der and solvent for solution for injection: summary
of product characteristics (online). Available from:
http:www.emea.eu. (Accessed 2006 Sep 5).

9) Maini RN, Breedveld FC, Kaleden JR, Smolen
JS, Davis D, Macfarlane JD, Antoni C, Leeb B,
Elliot MJ, Woody JN, Schaible TF, Feldmann M.
Therapeutic efficacy of multiple intravenous infu-
sions of anti-tumor necrosis factor alpha mono-
clonal antibody combined with low-dose week-
ly methotrexate in rheumatoid arthritis. Arthritis
Rheum 1998; 41: 1552-1563



A. Migliore, G. Gigliucci, D. Integlia, N. Isailovic, B. Frediani

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

Bennet AN, Peterson P, Zain A, Grunley J, Pan-
ayi G, Kirkham B. Adalimumab in clinical prac-
tice. Outcome in 70 rheumatoid arthritis patients,
including comparison of patients with and without
previous anti-TNF exposure. Rheumatology (Ox-
ford) 2005; 44: 1026-1031.

Jansen PJ, Crawford B, Bergman G, Stam W.
Bayesian meta-analysis of multiple treatment
comparisons: an introduction to mixed treatment
comparisons. Value Health 2008; 11: 956-964.

Ades AE, Sculpher M, Sutton A, Abrams K, Coo-
per N, Welton N, Lu G. Bayesian methods for ev-
idence synthesis in cost-effectiveness analysis.
Pharmacoeconomics 2006; 24: 1-19.

Ades AE, Welton N, Lu G. Introduction to mixed
treatment comparisons. Bristol, United Kingdom:
University of Bristol, 2007.

Caldwell DM, Ades AE, Higgins J. Simultaneous
comparison of multiple treatments: combining di-
rect and indirect evidence. BMJ 2005; 331: 897-
900.

Lu G, Ades AE. Combination of direct and indirect
evidence in mixed treatment comparisons. Stat
Med 2004; 23: 3105-3124.

Petrou P, Dias S. A mixed treatment comparison
for short- and long-term outcomes of bare-met-
al and drug-eluting coronary stents. Int J Cardiol
2016; 202: 448-462.

Lhermusier T, Lipinski MJ, Tantry US, Escarce-
ga RO, Baker N, Bliden KP, Magalhaes MA, Ota
H, Tian W, Pendyala L, Minha S, Chen F, Torgu-
son R, Gurbel PA, Waksman R. Meta-analysis of
direct and indirect comparison of ticagrelor and
prasugrel effects on platelet reactivity. Am J Car-
diol 2015; 115: 716-723.

Biondi-Zoccai G, Abbate A, Benedetto U, Palmer-
ini T, D’Ascenzo F, Frati G. Network meta-analy-
sis for evidence synthesis: what is it and why is it
posed to dominate cardiovascular decision mak-
ing? Int J Cardiol 2015; 182: 309-314.

Biondi-Zoccai G, Peruzzi M, Abbate A, Gertz ZM,
Benedetto U, Tonelli E, D’Ascenzo F, Giordano
A, Agostoni P, Frati G. Network meta-analysis on
the comparative effectiveness and safety of tran-
scatheter aortic valve implantation with CoreV-
alve or Sapien devices versus surgical replace-
ment. Heart Lung Vessel 2014; 6: 232-243.

Coleman KA, Xavier VY, Palmer TL, Meaney JV,
Radalj LM, Canny LM. An indirect comparison
of the efficacy and safety of desvenlafaxine and
venlafaxine using placebo as the common com-
parator. CNS Spectr 2012; 17: 131-141.

Gray LJ, Cooper N, Dunkley A, Warren FC, Ara
R, Abrams K, Davies MJ, Khunti K, Sutton A. A
systematic review and mixed treatment compari-
son of pharmacological interventions for the treat-
ment of obesity. Obes Rev 2012; 13: 483-498.

Hoaglin DC, Hawkins N, Jansen JP, Scott DA, It-
zler R, Cappelleri JC, Boersma C, Thompson
D, Larholt KM, Diaz M, Barrett A. Conducting
indirect-treatment-comparison and network-me-

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

ta-analysis studies: report of the ISPOR Task
Force on Indirect Treatment Comparisons Good
Research Practices: part 2. Values Health 2014;
14: 429-437.

Jansen JP, Fleurence R, Devine B, ltzler R, Bar-
rett A, Hawkins N, Lee K, Boersma C, Annemans
L, Cappelleri JC. Interpreting indirect treatment
comparisons and network meta-analysis for
health-care decision making: report of the ISPOR
Task Force on Indirect Treatment Comparisons
Good Research Practices: part 1. Values Health
2011; 14: 417-428.

Migliore A, Broccoli S, Bizzi E, Lagana B. Indi-
rect comparison of the effects of anti-TNF biolog-
ical agents in patients with ankylosing spondy-
litis by means of a mixed treatment comparison
performed on efficacy data from published ran-
domised, controlled trials. J Med Econ 2012; 15:
473-480.

Shu T, Chen GH, Rong L, Feng F, Yang B, Chen
R, Wang J. Indirect comparison of anti-TNF-a
agents for active ankylosing spondylitis: mixed
treatment comparison of randomized controlled
trials. Clin Exp Rheumatol 2013; 31: 717-722.

Baji P, Péntek M, Szant6 S, Géher P, Gulacsi L,
Balogh O, Brodszky V. Comparative efficacy and
safety of biosimilar infliximab and other biological
treatments in ankylosing spondylitis: systematic
literature review and meta-analysis. Eur J Health
Econ 2014; 15: 45-52.

Migliore A, Bizzi E, Bernardi M, Picchianti Dia-
manti A, Lagana B, Petrella L. Indirect compari-
son between subcutaneous biologic agents in an-
kylosing spondylitis. Clin Drug Investig 2015; 35:
23-29.

Betts KA, Griffith J, Song Y, Mittal M, Joshi A, Wu
EQ, Ganguli A. Network meta-analysis and cost
per responder of Tumor Necrosis Factor-a and In-
terleukin inhibitors in the treatment of active anky-
losing spondylitis. Rheumatol Ther 2016; 3: 323-
336.

Chen C, Zhang X, Xiao L, Zhang X, Ma X. Com-
parative effectiveness of biologic therapy regi-
mens for ankylosing spondylitis: a systematic re-
view and a network meta-analysis. Medicine (Bal-
timore) 2016; 95: 3060.

Wang R, Dasgupta A, Ward MM. Comparative
efficacy of Tumor Necrosis Factor-a inhibitors
in ankylosing spondylitis: a systematic review
and bayesian network metaanalysis. J Rheuma-
tol 2018; 45: 481-490.

Migliore A, Integlia D, Bizzi E, Piaggio T. Is it the
time to rethink clinical decision-making strate-
gies? From a single clinical outcome evaluation
to a Clinical Multi-criteria Decision Assessment
(CMDA). Med Hypotheses 2015; 85: 433-440.

Maxwell LJ, Zochling J, Boonen A, Singh JA, Ve-
ras MM, Tanjong Ghogomu E, Benkhalti Jandu
M, Tugwell P, Wells GA. TNF-alpha inhibitors for
ankylosing spondylitis. Cochrane Database Syst
Rev 2015; 18: 5468.



