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SYSTEMATIC REVIEW AND META-ANALYSIS

Comparative Effectiveness of Biologic Therapy
Regimens for Ankylosing Spondylitis

A Systematic Review and a Network Meta-Analysis

Chao Chen, MD, PhD, XiaoLin Zhang, MD, Lu Xiao, MD, XueSong Zhang, MD, PhD,
and XinLong Ma, MD

Abstract: To establish the comparative effectiveness of all available
biologic therapy regimens for ankylosing spondylitis, we performed a
systematic review and a Bayesian network meta-analysis of randomized
controlled trials.

PubMed, Medline, Embase, Cochrane library, and ClinicalTrials.-
gov were searched from the inception of each database to June 2015.
Systematic review and network meta-analysis was reported according to
the Preferred Reporting Items of Systematic Reviews and Meta-
Analyses Extension Statement for Reporting of Systematic Reviews
Incorporating Network Meta-analyses. The primary outcome was 20%
improvement of Assessments in SpondyloArthritis International Society
Response Criteria (ASAS20) at Week 12 or 14; secondary outcomes
were ASAS40, ASAS5/6, ASAS partial remission and 50% improve-
ment in baseline Bath ankylosing spondylitis (AS) disease activity
index. We reported relative risks and 95% confidence intervals from
direct meta-analysis and 95% credible intervals from Bayesian network
meta-analysis, and ranked the treatment for outcomes. We also used
Grading of Recommendations Assessment, Development and Evalu-
ation criteria to appraise quality of evidence.

Fourteen RCTscomprising 2672 active AS patients were included inthe
network meta-analysis. Most biologic therapy regimens were more effec-
tive than placebo regarding all the outcomes assessed, except for secuki-
numab and tocilizumab. No differences between biologic therapies in the
treatment of AS could be found, except for the finding that infliximab 5 mg
was superior to tocilizumab. Infliximab 5 mg/kg had the highest probability
of being ranked the best for achieving ASAS20, whereas notably, secuki-
numab had the highest probability of being ranked the second best.

Our study suggests that no differences between biologic therapies in
the treatment of AS could be found except that infliximab 5mg was
superior to tocilizumab. Infliximab 5 mg/kg seems to be the better biologic
therapy regimen for AS. Secukinumab appears promising, though
additional data is warranted. Nevertheless, these interpretations should
be accepted very cautiously.
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Abbreviations: AS = ankylosing spondylitis, ASAS = the
Assessments in SpondyloArthritis international Society, BASDAI
= bath AS disease activity index, BIW = twice a week, DMARDs =
disease modifying antirheumatic drugs, GRADE = the Grading of
Recommendations Assessment, Development and Evaluation, IL =
interleukin, NSAIDs = nonsteroidal anti-inflammatory drugs, OR =
odd ratio, QW = once a week, RCT = randomized controlled trials,
RR = relative risk, SpA = spondyloarthritis, TNF = tumor necrosis
factor, VAS = Visual Analog Scale.

INTRODUCTION

nkylosing spondylitis (AS) is the prototype of spondyloar-

thritis, an inter-related group of rheumatic diseases that
share common primary clinical features such as inflammatory
back pain, peripheral arthritis, and enthesitis." Characteristic
symptoms of AS are spinal stiffness and loss of spinal mobility,
which are explained by spinal inflammation, structural damage
due to extensive osteoproliferation, or both.> AS usually dis-
ables a person by severe back pain and remarkable spinal
kyphotic deformity in later stage, which finally may necessitate
amajor corrective procedure. However, the procedure itself can
be much challenging and perioperative risks are high. There-
fore, it is very meaningful to control the symptoms and progress
of AS in early stage by effective medication.

Biologic agents are becoming increasingly welcomed
worldwide because of their obvious advantages of actin%’ speed
and efficacy over traditional pharmacies in treating AS.” In the
past decade, multiple tumor necrosis factor (TNF) inhibitors had
been developed and confirmed effective in clinical randomized
controlled trials (RCT)® which made them mainstream biologic
therapies so far. But clinicians and patients were often confused
when they tried to select the most appropriate agent due to
different drugs and doses introduced by different pharma
companies. Even in the latest update of the Assessments in
SpondyloArthritis International Society (ASAS) recommen-
dations* and 2014 update of Canadian Rheumatology Associ-
ation /Spondyloarthritis Research Consortium of Canada
Treatment Recommendations for the use of anti-TNF agents,5 6
no concrete agent and regimen was recommended. Addition-
ally, several new biologic agents have emerged in recent years
with the deepening of exploration and understanding of patho-
genesis of AS and have been claimed to be effective in RCTs or
observational studies.”® For instance, anti-IL-23 or anti-IL-17
agents have attracted many interests as they may represent the
latest progress on the treatment of AS.'°~'? However, most of
the RCTs are small and placebo-controlled and may be under-
powered to detect intrinsic differences, while the comparative
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efficacy of available biologic therapy regimens is largely
unknown, mainly because of the absence of head-to-head trials.
Conventional meta-analysis method is not able to resolve the
issue owing to its incapability of comparing 3 or more treat-
ments. But a network meta-analysis can summarize a compre-
hensive and coherent set of comparisons based on all of the
available evidence.'® Hereby, the aim of our study was to assess
the comparative efficacy of all available biologic therapy regi-
mens in adults with AS using the technique of network meta-
analysis and thus provide meaningful information in the hope of
establishing the optimal treatment regimen for the treatment
of AS.

METHODS

A Bayesian model was used to accomplish our network
meta-analysis. We reported the systematic review and meta-
analysis following the Preferred Reporting Items of Systematic
Reviews and Meta-Analyses (PRISMA) Extension Statement
for Reporting of Systematic Reviews Incorporating Network
Meta-analyses.'* Ethical approval and informed consent were
not required because what we studied neither collected patients’
information nor influenced the patient care.

Eligibility Criteria

We included the literatures and reports according to the
following criteria: participants aged 18 years or older who had
AS defined by 1984 modified New York criteria'> and had
responded inadequately to nonsteroidal anti-inflammatory
drugs (NSAIDs); interventions included all available biologic
agents for AS at present such as anti-TNF-« agent, anti-1L-23 or
anti-IL-17 or anti-IL-6 agents, and placebo; comparison focused
on the efficacy discrepancy between biologic agents or placebo;
primary or secondary outcomes included the proportion of
patients achieving 20% improvement in the ASAS Response
Criteria (ASAS20) at Week 12 or 14; study design was random-
ized controlled trial. All eligible treatment regimens with
different doses and dosing intervals were included in the treat-
ment network and each treatment constituted 1 node. No
treatment had been merged into the same node.

We excluded the literatures if they recruited patients
diagnosed as spondyloarthritis or AS with total spine ankyloses.
Studies with overlapping data or about the maintaining of
response of biologic therapies with different doses, observa-
tional study, systematic review, and meta-analysis were
excluded as well. We also excluded uncompleted trials or
completed trials without results provided.

Search Strategy and Study Selection

PubMed, Medline, Embase, Cochrane library, and Clin-
icalTrials.gov were searched from the inception of each data-
base to June 2015 using the following retrieval language:
(‘“‘ankylosing spondylitis” OR MeSH term “‘spondylitis, anky-
losing™) AND (“‘biologic agent”” OR “‘biologic therapy”) AND
(“randomized controlled trial”’). Publication language was
restricted to English. Two reviewers selected studies indepen-
dently based on prespecified inclusion and exclusion criteria.
They identify trials through reviewing the titles and abstracts of
studies that met the eligibility criteria. Conflicts in opinion
between investigators were resolved by consensus and consul-
tation with the principle author. We also performed a recursive
search of the bibliographies of published systematic reviews
and/or meta-analyses on this topic to identify any additional
studies that were not found by searching of above databases.
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Data Collection Process and Data Items

Data on the study, participant, and intervention character-
istics were extracted from selected reports into a standardized
form by 2 investigators independently. The extracted data were
then double-checked and confirmed by a third investigator. The
following data items were documented: study characteristics:
primary author and year of publication/ClinicalTrials.gov Iden-
tifier (NCT number), geographic location and study design-
native/continental/international, single/multiple center(s), fund-
ing source(s); participant characteristics: total number, mean
age, number of male patients, number of HLA-B27 positive
patients, duration of AS, number of extra-articular manifes-
tations, number of concomitant disease-modifying antirheu-
matic drugs (DMARDs), number of concomitant
corticosteroids, number of concomitant NSAIDs, baseline C-
reactive protein (CRP) level, baseline Bath AS disease activity
index (BASDALI); intervention characteristics: dosing and sche-
dule; outcome assessment: number of patients achieving
ASAS20, ASAS40, ASAS5/6, ASAS partial remission, and
BASDALI 50 at Week 12 or 14 in intervention and comparator
group if available.

Geometry of the Network

We used NetMetaXL'®—a Microsoft-Excel-based tool—
to present graphs of the networks. Each node in a network
symbolizes a treatment and the edges represent randomized
comparisons.'* The size of each node is proportional to the total
sample size for each treatment and the width of the edge
corresponds to the number of RCTs.'* Considerations were
made to construct networks according to drug classes based on
mechanism of action and drug companies. We provided net-
works for the treatment of AS based on the splitting and
lumping of treatment regimens.'* In the network of lumping
treatment wherein a drug is compared with the same agent in
different doses or administrating intervals, it is represented by
an autoloop. In the networks of companies, nodes represent
companies and autoloops stand for trials utilizing agents from a
same pharma. Edges between different nodes indicate trials
comparing agents from different pharmas.

Risk of Bias Within Individual Studies

We utilized the revised Cochrane Collaboration’s Tool for
Assessing Risk of Bias'’ to assess the risk of bias within
individual studies. This tool addresses 7 specific domains:
sequence generation, allocation concealment, blinding of partici-
pants, blinding of outcome assessment, incomplete outcome data,
selective outcome reporting, and “other issues.” With this tool,
the quality of each RCT could be comprehensively evaluated
which might be helpful when interpreting the results.

Outcome Assessed

The primary outcome was ASAS20 which was defined as
the percentage of patients with at least 20% response and
absolute improvement of at least 1 unit as comPared with
baseline in at least 3 of the following 4 domains'® at Week
12 or 14: patient’s global assessment of disease activity during
the previous week 8 (0—10cm Visual Analog Scale [VAS]);
patient’s assessment of pain during the previous week,
represented by the total back pain score'® (0—10cm VAS);
function, represented by BASFI score'® (0—10cm VAS); and
inflammation, represented by the mean of the severity
and morning stiffness'® (questions 5 and 6 of the BASDAI)
(0—10cm VAS), without deterioration in the remaining domain.
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Secondary outcomes included ASAS40 (40% response),
ASASS5/6 (improvement in 5 of 6 domains: pain, patient global
assessment, function, inflammation, spinal mobility, C-reactive
protein without deterioration in the 6th domain), ASAS partial
remission (a value of <2 on a 0-10 scale in each of the 4
domains of the ASAS20), and BASDAIS50 (number of patients
achieving 50% improvement in baseline BASDATI)."?

Statistical Analysis

Two types of meta-analysis were conducted. We first did
direct pairwise meta-analyses with Review Manager v5.3.5
(http://tech.cochrane.org/revman/download)  using random-
effect model to evaluate pooled relative risk and 95% confidence
intervals. Heterogeneity was assessed with I statistic. Where-
after, we performed random-effect Bayesian network meta-
analyses using Markov chain Monte Carlo methods with Aggre-
gate Data Drug Information System®° v1.16.6 (http://drugis.org/
software/addis1/addis1.16) and presented the estimates as odd
ratios and the corresponding 95% credible intervals (95% Crl).
Aggregate Data Drug Information System software is pro-
grammed using the prior distribution of all parameters in Baye-
sian analyses. We updated Markov chain Monte Carlo model with
100,000 simulation iterations. Convergence was assessed using
the Brooks—Gelman—Rubin method.>' This method compares
within-chain and between-chain variance to calculate the Poten-
tial Scale Reduction Factor (PSRF). Convergence was deemed to
be reached if a PSRF was close to 1.%!

We assumed that all participants included in our study could
be randomly allocated to any treatment group being compared.
Transitivity might not hold when direct-comparison evidences
differ with indirect evidences for the same comparison, which is
also termed “‘inconsistency.” Inconsistency occurs only when
there are closed loops in the network structure. We assessed
inconsistency in 2 ways. First, we estimated the inconsistency
factors with a loop-specific approach within each closed triangu-
lar or quadratic loop.>* Inconsistent loops would be identified if
they yielded a 95% Crl excluding 0. Second, we used node-
splitting technique to assess whether direct and indirect evidences
on a specific node (the split node) are in agreement.>> A large P
value indicates no significant inconsistency was found.

We ranked the treatments for outcomes with use of rank
probability plots which presented the rankings by different color
columns. The plots showed rankings as the best, the second best,
and so on.

Quality of Evidence

To appraise the quality of evidences of current direct and
network meta-analysis for the primary outcome, we adopted the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE) method®*~3! and summarized and pre-
sented the information with the online application of Guideline
Developing Tool (GDT, previously known as GRADEpro)
(http://www.guidelinedevelopment.org/). When the ratings of
direct and indirect evidence are semblable, we used the higher
one as the grading of our network meta-analysis estimates.
When the direct evidence had higher quality, we selected this
over the network evidence.

RESULTS
Two hundred ninety-seven studies were screened after
removing duplications from a total of 316 studies identified
using the searching strategy. Two hundred sixty-seven studies
were excluded due to ineligibility after reviewing the titles and
abstracts. Finally, 14 RCTs (13 published®'**>=** and
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NCT00195819) were included in this network meta-analysis
after assessing for eligibility of full text. Figure 1 shows the
PRISMA flow diagram of study selection process.

Baseline characteristics of studies included in the network
meta-analysis are summarized in Table 1. A total of 2672 active
AS patients in 14 trials received biologic therapies or placebo.
DMARDs and NSAIDs were permitted to continue in most
studies. In general, patients were similar in terms of baseline
data such as age, sex, HLA-B27-positive proportion, duration of
AS, concomitant drugs, CRP, and BASDAI.

Thirteen of 14 (92.9%) trials were multicenter design (5
native, 3 European, 5 international). Only 1 trial was carried out
in a single center. Twelve of 14 (85.7%) studies were funded by
pharmaceutical companies. Biologic agents studied in all trials
included adalimumab, etanercept, golimumab, infliximab,
secukinumab, and tocilizumab. Treatment regimens investi-
gated included adalimumab 40 mg every other week for 12

302 of records 14 of additional

identified through records identified
database through other
searching sources

| |
!

297 of records after duplicates
removed

267 of records
excluded

297 of recards
screened

16 of full-text articles
excluded(duplication:2,
not meeting eligibility
criteria:3, study in TSA
patients: 1, no data of

30 of full-text

ASAS20 at Week 12 or
articles assessed 14: 6, observational
far eligibility study: 4)

14 of studies
included in
qualitative
synthesis

14 of studies
included in
quantitative
synthesis
(meta-analysis)

FIGURE 1. The PRISMA flow diagram of study selection process.
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Etanercept
50mg QW

Etanercept
25mg BIW

Placebo

Infliximab Smg

Infliximab 3mg

Golimumab
100mg

Golimumab
50mg

Etanercept

50mg BIW

Adalimumab

Tocilizumab

Secukimumab

FIGURE 2. Network of all eligible comparisons for the primary outcome of biologic therapies in patients with AS. AS=ankylosing

spondylitis.

weeks or 24 weeks (“‘adalimumab’’ for short), etanercept 25 mg
or 50 mg twice a week for 12 or 24 weeks (‘‘etanercept 25 mg
BIW?’ or “‘etanercept 50 mg BIW*”), etanercept 50 mg once a
week for 12 weeks or 102 weeks (‘‘etanercept S0 mg QW’’),
golimumab 50mg or 100mg every 4 weeks for 24 weeks
(“‘golimumab 50 mg’’ or ‘‘golimumab 100 mg’’), infliximab
Smg/kg at weeks 0, 2, 6 and every 6 weeks for 18 weeks or 102
weeks (“‘infliximab 5 mg’’), infliximab 3 mg/kg at weeks 0, 2, 6
and every 6 weeks for 12 weeks (‘‘infliximab 3 mg’’), secu-
kinumab 2 x 10mg/kg given 3 weeks apart for 28 weeks
(“‘secukinumab’’) and tocilizumab 8 mg/kg every 4 weeks
for 12 weeks (‘‘tocilizumab’’). Twelve of 14 studies were 2-
arm trials comparing biologic agent with placebo, 2 of 14
studies were 3-arm trials comparing 2 dose and/or dosing
interval of etanercept, golimumab, and placebo, respectively.

Figure 2 demonstrates the network graph of all eligible
comparisons for the primary outcome. The node(s) with the

same color indicate(s) that the intervention(s) belong(s) to the
same drug class. Pairwise comparisons for the primary outcome
were more commonly seen of TNF inhibitors against placebo
(11/17 direct comparisons). Most biologic treatment regimens
were investigated by only 1 RCT, except for adalimumab,
etanercept 25mg BIW and golimumab 50mg, which was
studied by 3, 3, and 2 RCTs respectively. Network graphs of
lumping treatments and sponsored drug companies were shown
in Supplementary Digital Content, Figures 1.1 and 1.2, http:/
links.lww.com/MD/A766. Autoloops were drawn for agents
such as etanercept, golimumab as well as companies such as
Centocor and Pfizer. No comparison but 1 was conducted
between biologic agents from different companies.

Risk of bias assessments of overall and study level are
summarized in Figure 3 and Supplementary Digital Content,
Figure 2, http:/links.lww.com/MD/A766, respectively. In gen-
eral, the studies were considered to be at low risk of bias

Random sequence generation (selection bias)

Alocation conceaiment (selection bizs) | MMM

Blinding of participants and personnel (performance bias)

Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _
Other bias

I
1

100%

Blinding of outcome assessment (detection bias)

I
I

0% 25% 50% 75%

1

[ Low risk of bias [Junclear risk of bias Bl High risk of bias

FIGURE 3. Risk of bias graph of included studies on overall level.
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Experimental  Control Risk Ratio Risk Ratio

—StudyorSubgroup _ Events Total Events Total Weight M-H. Random. 95%Cl  M-H Random 95%Cl
1.1.1 infliximab 5mg vs. placebo
van der Hejide (2005) 125 201 15 78 59% 3.23(2.03,5.16) —
Subtotal (95% CI) 201  59% 3.23 (2.03, 5.16] ->
Total events 125 15
Heterogeneity: Not applicable
Test for overall effect: 2 = 4.92 (P < 0.00001)
1.1.2 infliximab 3mg vs. placebo

10) 21 39 " 7 % 1.81[1.02,3.22) =
Subtotal (95% CI) 3 7 55% 181 [1.02,3.22] -
Total events 21 1
Heterogeneity: Not applicable
Test for overall effect: Z = 2.03 (P = 0.04)
1.1.3 secukinumab vs. placebo
Baoten(2013) s = 18 18% 2.35[0.37, 15.09) ey
Subtotal (85% CI) 2 6 18%  2.35[0.37,15.00] e—
Total events. 9 1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.90 (P = 0.37)
1.1.4 tocilizumab vs. placebo
Sieper(2014) 1w 5 4 5 55% 1.36 (0.7, 2.40] -
Subtotal (95% CI) 51 1 55% 1.36 [0.77, 2.40] -
Tolal events 19 14
Heterogeneity. Not applicable
Test for overall effect: Z = 1.05 (P = 0.29)
1.1.5 adalimumab vs. placebo
Huang(2014) 154 229 B/ 115 65% 2211165, 2.96] -
NCT00195819 18 38 12 4 55% 1.74(097,3.13) -
van der Heijde (2006-1) 121 208 2 207 61% 547 [3.63,8.26] —
Subtotal (95% CI) 415 366 18.1% 2.80 [1.42, 5.51] -
Total events 293 69
Heterogeneity: Tau® = 0.31; Chi* = 15.99, df = 2 (P = 0.0003); I = 87%
Test for overall effect: Z = 2.97 (P = 0.003)
1.1.6 golimumab 50mg vs. placebo
Inman(2008) 82 138 1778 60% 273[1.75,4.24] —
Subtotal (95% CI) 138 7 80% 2.73(1.75, 4.24] -
Total events 82 7
Heterogeneity: Not applicable
Test for overall effect: Z = 4.4 (P < 0.00001)
1.1.7 golimumab 100mg vs. placebo
Inman(2008) 84 140 1778 60% 2.75[1.77,4.28) —
Subtotal (95% CI) 140 ™ E0% 275 [1.77, 4.28) -
Total events. B4 7
Heterogeneity: Not applicable
Test for overall effect: Z = 4.49 (P < 0.00001)
118 50mg vs. 100mg
Inman(2008) 82 138 B4 140 68% 0.990.682, 1.20] T
Subtotal (95% CI) 138 140 6.8% 0.99 (0.82, 1.20] *
Total events 82 84
Heterogeneity: Not applicable
Test for overall effect: Z = 0.10 (P = 0.92)
1.1.9 etanercept S0mg qw vs. placebo
van der Heljde (2006-2) 1§ 155 19 51 63% 1.99(1.38, 2.68] o
Subtotal (85% C1) 155 51 63% 1.99 [1.38, 2.88] <>
Total events 15 19
Heterogeneity: Not applicable
Test for overall effect: Z = 3.67 (P = 0.0002)
1.1.10 etanercept 25mg biw vs. placebo
Calin(2004) 26 a5 9 3 53% 2.50[1.34, 4.68) —
Davis(2003) 82 138 9 138 65% 2.12(1.57, 2.86] —
van der Heijde (2006-2) 107 150 19 5 63% 191(1.32, 277 e
Subtotal (95% CI) 333 229 18.1% 2.09 {1.68, 2.60] *
Total events 215 67
Heterogeneity: Tau* = 0.00; Chi* = 0.54, df = 2 (P = 0.76), * = 0%
Test for overall effect: Z = 6.60 (P < 0.00001)
1.1.11 etanercept 25mg biw vs. etanercept 50mg qw
van der Heijde (2006-2) 107 150 115 155  6.9% 0.96[0.84, 1.10) 7
Subtotal (95% CI) 150 155 6.9% 0.96 {0.84, 1.10] 4
Total events 107 15
Heterogensity: Not applicable
Test for overall effect: Z = 0.56 (P = 0.58)
1.1.12 etanercept 50mg biw vs. etanercept 50mg qw
Navarro-Sarabia(2011) 4 48 3 49 6T% 0.94[0.74, 1.19] > 1
Subtotal (95% CI) 48 9 6% 0.94 (0.74, 1.19) *
Total events ] 37
Haterogenaity: Not applicable
Test for overall effect: 2 = 0.52 (P = 0.60)
1.1.13 etanercept 50mg qw vs. infliximab 5mg
Giardina (2010) 5 25 19 25 62% 0.790.54, 1.16] =3 §
Subtotal (95% CI) 25 25 62% 0.79 [0.54, 1.16] -
Total events 15 19
Heterogeneity: Not applicable
Test for overall effect: Z = 1.19 (P = 0.23)
Total (95% C1) 1916 1343 100.0% 1.83 [1.36, 2.45] L 2
Total events 1201 485

Heterogeneity: Tau® = 0.33; Chi* = 201.41, df = 16 (P <0.00001); I = 92%
Test for overall effect Z = 4.00 (P < 0.0001)
Test for subaroun differencas: Chi* = 105.24. df = 12 (P < 0.00001). I* = 88 6%

0.01 1 10 100

01
Favours [2nd treatment] Favours [1st trealment]
FIGURE 4. Forest plot of direct pairwise comparisons for ASAS20.

regarding selection, performance, detection, attrition, and outcomes, Supplementary Digital Content, Figures 3.1-3.4,
reporting bias. http://links.lww.com/MD/A766. Compared with placebo, most

Data for direct pairwise comparisons for primary outcome biologic therapies were associated with significantly higher
are shown as forest plots in Figure 4 and, for secondary proportions of patients achieved ASAS20, ASAS40, ASASS/

6 | www.md-journal.com Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.


http://links.lww.com/MD/A766

Medicine * Volume 95, Number 11, March 2016

Biologic Therapy Regimens for Ankylosing Spondylitis

_ 0.88 (0.46, | 87) 0.72(0.21,3.01) 0.97 (0.44, 2.35) 097 (0.42,254) 088 (0.42,1.92) 0.58 (0.20, 2.22) 1.64(0.70, 4.38) 023 (0.14,038) 0.70(0.10,26.11) 033 (011, 1.09)
114 (0.53, 2.16) _ 0.85(0.24, 2.9%) 113 (0.57, 2.14) 1.0% (0.46, 2.93) 1.00 (045, 2.19) 0.64 (0.22, 2.36) LB (0.84,4.60) 025(0.15,041)  082(0.11,30.15) 0.38(0.10, 1.18)
1.38 (0,33, 4.86) 118 (034, 4.15) _ 1.33 (0.47,3.71) 130 (031,569  1.25(029.463)  0.79(0.16,4.57) 207(0.58,899) 031 (0.08,1.05)  1.02(0.09.43.41) 045 (0.09, 2.29)
103 (0.43,2.26) 0.89 (047, 1.76) 0.75(027. 210 — 098(0.36,2.99) 091 (0.36,2.20) 0.58(0.18.2.33) 1.66(0.73.4.20) 023(0.11,044)  0.75(0.09.27.19) 0.34(0.08, 1.16)
1.03 (0.39, 2.36) 0.92(0.34,2.17) 0.77 (0,18, 3.19) 1,02 (0.33, 2.74) _ 0.89(0.43,1.77) 0.57 (0.17, 2.50) 1.64(062,5.03) 023 (0.10,046) 0,69 (0.08, 29.65) 033 (010, 1.22)
113 (0.52,235) 1.00 (0.46, 2.24) 0.80(0.22, 3.48) 1.10(0.45,2.74) L12(0.56,231) _ 0.65 (0.21, 2.56) 184(0.78,507)  026(0.14,045)  0.84(0.11, 30.76) 0.39 (013, 1.28)
1.73 (0.45, 5.09) 1.56 (0.42, 4.65) 1.27(0.22, 6.40) 1.72(0.43, 5.67) 1.76 (0.40, 5.90) 1.54(0.39,4.72) _ 290(0.71, 1009) 039011, 1.07) LI8(0.12,41.47) 0.62 (013, 241)
0.61(0.23,1.42) 033 0.22,1.19) DAR (011, 1,74) D60 (0.24, 1.36) 0.61(0.20, 1.61) 0,34 (0.20, 1.2%) 034 ¢010, 1.40) _ 0.14(0.06,028) 041 (0.05, 14.18) 0.21 (0.06, 0.70)
4.41(2.65,7.09) 3.96 (2.45, 6.66) 3.20(0.95, 11.96) 438(228,8.72) 431(2.17,9.68)  381(2.21,699) 258 (0.94, 8.88) 7.36(3.57, 16.45) - 3.34(047, 106.63) 1.51 (0.51,4.23)
142 (0.04, 10.23) 1224003, 9.17) 0.98 (0,02, 10.73) 134 (0.04, 10.58)  1.45(0.03, 11.98)  L19(0.03,8.94) 0.85 (0.02.8.02) 245(0.07, 1841)  0.30(0.01,2.12) — 046 (0.01, 4.45)
303 (0,92, 9.06) 264 (085, 9.92) 2.21 (044, 10.81) 291 (0.6, 1268) 304 (0K2,992)  2.56(0.78, 7.80) 1.62 (0.42, 7.9%) 481 (143, 17.04)  0.66(0.24,1.96)  2.15 (0.22, 80.94) _

FIGURE 5. League table of estimated effects of biologic therapy regimens in network meta-analysis on ASAS20.

6, ASAS partial remission and BASDAISO0, except for secuki-
numab and tocilizumab. In the head-to-head trials, etanercept
50mg QW was comparable to infliximab 5mg, the effects of
etanercept 50mg QW were substantially equal to that of
etanercept 50 mg BIW. The direct pairwise meta-analyses were
highly heterogeneous in general for all outcomes assessed.
Estimated effects of biologic agent regimens in network
meta-analysis on ASAS20 are shown as league table in Figure 5
and Supplementary Digital Content, Figures 4.1 to 4.4, http://
links.lww.com/MD/A766. Convergence was reached in all
analyses (data not shown). With regard to ASAS20, adalimu-
mab, etanercept 25 mg BIW or 50 mg QW, golimumab 100 mg
or 50mg, and infliximab 5mg were associated with better
therapeutic effect when compared with placebo. None of the
other agents including etanercept 50 mg BIW, infliximab 3 mg,
secukinumab, and tocilizumab was superior to placebo. On
comparative effectiveness of all biologic interventions of net-
work meta-analysis, only infliximab 5mg was seen to be
superior to tocilizumab (OR, 4.81; 95% Crl, 1.43—-17.04). No
significant superiority was found among the other regimens.
With reference to ASAS40 and ASAS partial remission, as
compared with placebo, only adalimumab was associated with
clearly better effect (OR, 5.89, 95% Crl, 1.17-31.12; OR, 8.00,
95% Crl, 1.65—42.19; respectively). With reference to ASAS5/
6, only infliximab 3 mg was superior to placebo (OR, 60.93;
95% Crl, 1.79-3930.24). Regarding BASDAI50, no biologic
interventions were better than placebo. On comparative effec-
tiveness of all biologic interventions of Bayesian network meta-
analysis for all the secondary outcomes, no regimen was
significantly superior to others, with high degree of imprecision.
Statistical inconsistency was not found between estimates from

direct and indirect evidences where both were available (only
on the estimate of ASAS20, loop-specific approach: 95% Crl
was —0.92 to 1.14 and —0.86 to 1.29 for the 2 closed loops,
respectively; node-splitting technique: P values ranged from
0.66 to 0.88).

Figure 6 and Supplementary Digital Content, Figures 5.1
to 5.4, http://links.lww.com/MD/A766 showed the rank prob-
ability plots for primary outcome and secondary outcomes,
respectively. Infliximab Smg had the highest probability of
being ranked the best for achieving ASAS20, whereas notably
secukinumab had the highest probability of being ranked the
second best. For secondary outcomes such as ASAS40 and
ASASS5/6, infliximab 3 mg had the highest probability of being
ranked the best. While for ASAS partial remission and BAS-
DAISO0, etanercept 50 mg BIW had the highest probability of
being ranked the best.

Table 2 reveals the quality of evidence for direct and
network meta-analysis for the primary outcome appraised by
GRADE approach. Generally, the quality of direct evidence
was high, except for the comparison of adalimumab versus
placebo, secukinumab versus Placebo, and etanercept 50 mg
QW versus infliximab 5mg, which was respectively rated
down for serious inconsistency, imprecision, and risk of bias.
The quality of all indirect evidences without head-to-head
trials was low or very low due to serious indirectness and/or
imprecision. When comparing with placebo, most biologic
therapy regimens were supported by at least moderate quality
evidence. The only exception was etanercept S0 mg BIW,
whose effect was supported by low-quality evidence. No
comparison was rated down for the risk of bias and
publication bias.

Rank Probability

Pk 1 15 best. ronk N is worst.

Probabllity

Rk | @Rk 7 W Ran al 4 8 Rant

}: JL—L' ey Ll LJLJ[U'ILII‘LJI—L LJL
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FIGURE 6. Rank probability plot of network meta-analysis for ASAS20.
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TABLE 2. Quality of Evidence for Direct and Network Metaanalysis for the Primary Outcome by GRADE

ASAS20 Quality of Evidence
Biologic Therapy Regimen Direct Network Direct Network
Compare to Placebo
Adalimumab 2.80 (1.42-5.51) 4.41 (2.65-7.09) LOW MODERATE
Etanercept 25 mg BIW 2.09 (1.68-2.60) 3.96 (2.45-6.66) HIGH MODERATE
Etanercept 50 mg BIW NA 3.20 (0.95-11.96) NA LOW
Etanercept 50 mg QW 1.99 (1.38-2.88) 4.38 (2.28-8.72) HIGH LOW
Golimumab 50 mg 2.73 (1.75-4.24) 3.81 (2.81-6.99) HIGH MODERATE
Golimumab 100 mg 2.75 (1.77-4.28) 4.31 (2.17-9.68) HIGH MODERATE
Infliximab 3 mg 1.81 (1.02-3.22) 2.58 (0.94-8.88) HIGH MODERATE
Infliximab 5 mg 3.23 (2.03-5.16) 7.36 (3.57-16.45) HIGH MODERATE
Secukinumab 2.35 (0.37-15.09) 3.34 (0.47-106.63) MODERATE VERY LOW
Tocilizumab 1.36 (0.77-2.40) 1.51 (0.51-4.23) HIGH MODERATE
Compare to Tocilizumab
Adalimumab NA 3.03 (0.92-9.06) NA LOW
Etanercept 25 mg BIW NA 2.64 (0.85-9.92) NA LOW
Etanercept 50 mg BIW NA 2.21 (0.44-10.81) NA VERY LOW
Etanercept 50 mg QW NA 2.91 (0.86—12.68) NA VERY LOW
Golimumab 50 mg NA 2.56 (0.78-7.80) NA LOW
Golimumab 100 mg NA 3.04 (0.82-9.92) NA LOW
Infliximab 3 mg NA 1.62 (0.42-7.93) NA LOW
Infliximab 5 mg NA 4.81 (1.43-17.04) NA VERY LOW
Secukinumab NA 2.15 (0.22-80.94) NA VERY LOW
Compare to Secukinumab
Adalimumab NA 1.42 (0.04-10.23) NA VERY LOW
Etanercept 25 mg BIW NA 1.22 (0.03-9.17) NA LOW
Etanercept 50 mg BIW NA 0.98 (0.02-10.73) NA VERY LOW
Etanercept 50 mg QW NA 1.34 (0.04—-10.58) NA VERY LOW
Golimumab 50 mg NA 1.19 (0.03-8.94) NA LOW
Golimumab 100 mg NA 1.45 (0.03-11.98) NA VERY LOW
Infliximab 3 mg NA 0.85 (0.02-8.02) NA LOW
Infliximab 5 mg NA 2.45 (0.07-18.41) NA VERY LOW
Compare to Infliximab 5 mg
Adalimumab NA 0.61 (0.23-1.42) NA LOW
Etanercept 25 mg BIW NA 0.55 (0.22-1.19) NA LOW
Etanercept 50 mg BIW NA 0.48 (0.11-1.74) NA LOW
Etanercept 50 mg QW 0.79 (0.54—1.16) 0.60 (0.24—1.36) MODERATE MODERATE
Golimumab 50 mg NA 0.54 (0.20-1.28) NA LOW
Golimumab 100 mg NA 0.61 (0.20-1.61) NA LOW
Infliximab 3 mg NA 0.34 (0.10-1.40) NA LOW
Compare to Infliximab 3 mg
Adalimumab NA 1.73 (0.45-5.09) NA LOW
Etanercept 25 mg BIW NA 1.56 (0.42-4.65) NA LOW
Etanercept 50 mg BIW NA 1.27 (0.22-6.40) NA LOW
Etanercept 50 mg QW NA 1.72 (0.43-5.67) NA LOW
Golimumab 50 mg NA 1.54 (0.39-4.72) NA LOW
Golimumab 100 mg NA 1.76 (0.40-5.90) NA LOW
Compare to Golimumab 100 mg
Adalimumab NA 1.03 (0.39-2.36) NA LOW
Etanercept 25 mg BIW NA 0.92 (0.34-2.17) NA LOW
Etanercept 50 mg BIW NA 0.77 (0.18-3.19) NA LOW
Etanercept 50 mg QW NA 1.02 (0.33-2.74) NA LOW
Golimumab 50 mg NA 0.89 (0.43-1.77) NA MODERATE
Compare to Golimumab 50 mg
Adalimumab NA 1.13 (0.52-2.35) NA LOW
Etanercept 25 mg BIW NA 1.00 (0.46-2.24) NA LOW
Etanercept 50 mg BIW NA 0.80 (0.22-3.48) NA LOW
Etanercept 50 mg QW NA 1.10 (0.45-2.74) NA LOW
Compare to Etanercept 50mg QW
Adalimumab NA 1.03 (0.43-2.26) NA LOW
Etanercept 25 mg BIW NA 0.89 (0.47-1.76) NA MODERATE
Etanercept 50 mg BIW 0.94 (0.74-1.19) 0.75 (0.27-2.13) HIGH MODERATE
Compare to Etanercept 50 mg BIW
Adalimumab NA 1.38 (0.33-4.86) NA LOW
Etanercept 25 mg BIW NA 1.18 (0.34-4.15) NA LOW
Compare to Etanercept 25 mg BIW
Adalimumab NA 1.14 (0.53-2.16) NA LOW
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DISCUSSION

This is the first systematic review and network meta-
analysis comparing all available biologic therapy regimens for
the treatment of AS, with no restriction to anti-TNF agents. This is
also the first report rigorously conducted in accordance with the
PRISMA Extension Statement for Reporting of Systematic
Reviews Incorporating Network Meta-Analyses.'* We provided
estimated data of comparative effectiveness of these regimens as
well as the GRADE rating of quality of evidence, remedying the
deficiency of comparative data in head-to-head trials, and where-
upon offering clinicians and policymakers beneficial reference
information when selecting a biologic therapy for treating active
AS. The following main findings were obtained from our
analysis: no differences between biologics in the treatment of
AS could be found, except that infliximab 5 mg was superior to
tocilizumab; infliximab 5 mg seems to be a better choice among
all available biologic therapies for treating AS, as it ranked the
first to achieve ASAS20; secukinumab, as a newly introduced
biologic agent for treating AS targeting IL-17, was ranked as the
second effective regimen to achieve ASAS20, although it was not
significantly better than placebo, with moderate confidence in
estimates; tocilizumab has no superiority to placebo, with
high confidence.

TNF inhibitor is still the prevailing biologic agent to treat AS
after failure of conventional therapeutic approaches with
NSAIDs, DMARDs, oral corticosteroids, or local corticosteroid
injections.> However, varied products had been developed by
diverse pharmaceutical companies, and many of which were
devoted to report outcomes of different doses or administering
intervals by funding researchers. Under this circumstance, clin-
icians or health care providers tend to be perplexed by choosing
optimal TNF inhibitor regimen for an individual patient. No
recommendation or guideline for using specific TNF inhibitor
can be found in the latest update of recommendations for manage-
ment of AS from authoritative associations,** who only suggests
that the choice of TNF inhibitor should be determined by
consultation between the physician and the patient, and dosing
and monitoring of these drugs should be tailored to the individual
patient and follow usual standard of care.’ Luckily, 3 previously
published network meta-analyses* *> had concentrated efforts
on determining the relative efficacy of TNF inhibitors. Two
analyses comparing all TNF inhibitors concluded that infliximab
5mg/kg seemed to be the best anti-TNF therapy regimen,****
which was consistent with our findings. Another analysis that
compared subcutaneous TNF inhibitors suggested that golimu-
mab may provide the highest probability of achieving ASAS20
response in AS patients.*> However, these data should be inter-
preted cautiously, because methodologic defects, such as
irrational eligibility criteria, lack of assessment of risk of bias,
and appraisal of the quality of evidence, existed commonly in
above network meta-analyses.

In addition, as the efficacy of TNF inhibitors was virtually
not satisfied yet, researchers have kept working industriously to
develop new biologic agent. Particularly, IL-23/IL-17 axis is
implicated in the pathogenesis of AS and is considered a prom-
ising new target in the treatment of AS.'°"'? Secukinumab, an
anti-IL-17A monoclonal antibody, was reported rapidly reducing
clinical or biologic signs of active AS and thought to be superior
to placebo with regard to ASAS20 response at Week 6 in a
European multicenter RCT.*® Nevertheless, time of evaluation
for ASAS20 response is recommended after at least 12 weeks by
ASAS, although this recommendation is established for the use of
anti-TNF agents in patients with spondyloarthritis.* Both our

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

direct comparison and indirect comparison of secukinumab with
placebo for ASAS20 at Week 12 showed no significant difference
between the 2 interventions. But meanwhile, our network analysis
revealed that secukinumab ranked the second best among all
biologic therapy regimens for achieving ASAS20 at Week 12.
This is an encouraging observation, together with the above
report, indicating the potential value of further investigating
the effect of anti-IL-17 in treating AS.

Unfortunately, we did not find any RCT for comparison of
anti-IL-23 agent with placebo for the treatment of AS, although
ustekinumab—a fully human IgG1k monoclonal antibody that
binds with the p40 protein subunit of IL-12 and IL-23—has
been shown to be effective in the treatment of psoriasis*®*” and
psoriatic arthritis.**#° IL-23 is largely involved in the onset and
progress of AS'® and plays a key role in inducing CD4 memory
T cells to produce IL-17.'% A recent prospective, open-label,
proof-of-concept trial discovered that ustekinumab in a dose of
90 mg administered subcutaneously at baseline, week 4 and
week 16 was associated with a reduction of signs and symptoms
in active AS and was well tolerated.>® Future RCTs are expected
to confirm the results.

Up to date, our network meta-analysis provides the most
comprehensive information of comparative effectiveness of
almost all available biologic therapy regimens with different
mechanism of actions for AS. Infliximab 5 mg may be the better
biologic therapy regimen, although it was associated with
higher costs compared with other major TNF inhibitors.”!
Tocilizumab should no longer be considered for the treatment
of AS due to its ineffectivity.

However, our study has potential limitations. First, although
the overall risk of bias of studies included was considered to be
low, there was 1 unblinded study™® which might introduce bias.
Second, considering the relatively small amount of studies con-
tributing to this comparative analysis, the results of the rank
probability plots should be very cautiously interpreted due to
insufficient stability. Third, because of scant original data for the
secondary outcomes, the significances of estimated effects for
ASAS40, ASAS5/6, ASAS partial remission and BASDAIS0
were discounted. Fourth, we did not compare the safety of
biologic therapy regimens for AS, because most regimens were
proved to be safe with scarce severe adverse event occurred.
Finally, language is restricted to English for included RCTs;
therefore, trials reported by other languages may be missed.

CONCLUSION

Our analysis shows that except for the finding that inflix-
imab 5 mg was superior to tocilizumab, no differences between
biologic therapies in the treatment of AS could be found.
Infliximab 5 mg/kg may be a better biologic therapy regimen
for AS, but this interpretation should be accepted very cau-
tiously. Secukinumab also appears promising, though additional
data is warranted. This systematic review and network meta-
analysis would be helpful to inform the development of future
practice recommendations in the treatment of AS.
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