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ABSTRACT

Introduction: Peficitinib, a Janus kinase (JAK)
inhibitor, is approved for clinical use in Japan,
Korea, and Taiwan, but head-to-head compar-
isons versus other JAK inhibitors are lacking.
We indirectly compared peficitinib, tofacitinib,
and baricitinib for rheumatoid arthritis
treatment.
Methods: We searched MEDLINE, Embase, the
Cochrane Central Register of Controlled Trials,

ClinicalTrials.gov, and congress archives up
until February 12, 2019, for randomized con-
trolled trials of peficitinib, tofacitinib, and
baricitinib. Efficacy (American College of
Rheumatology responses, disease activity
scores, modified total Sharp score, Simplified
Disease Activity Index [SDAI]) and safety out-
comes were compared using a Bayesian network
meta-analysis. The Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA)
consensus was followed for reporting results. A
network meta-regression assessed the impact on
outcomes of proportions of patients receiving
concomitant methotrexate or of Asian
ethnicity.
Results: The network meta-analysis included
21 randomized controlled trials. At 12 weeks, all
evaluable efficacy outcomes were comparable or
improved with peficitinib 150 mg and 100 mg
once daily, versus baricitinib 2 and 4 mg once
daily and tofacitinib 5 mg twice daily. At
24 weeks, efficacy outcomes were comparable or
improved for each peficitinib dose versus
baricitinib and tofacitinib. Risk of adverse
events and serious adverse events at 12 weeks
were similar with peficitinib 100 and 150 mg
versus baricitinib and tofacitinib. The propor-
tion of patients receiving concomitant
methotrexate had no effect on any outcome
analyzed, but Asian ethnicity had a positive
effect on multiple efficacy outcomes.
Conclusions: Peficitinib had comparable effi-
cacy versus tofacitinib and baricitinib for
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reduction in disease activity as measured by
SDAI, and for reduction in progression of joint
damage as measured radiographically. No
notable differences in safety outcomes were
observed. Further studies are required to better
characterize the impact of ethnicity on the
efficacy of JAK inhibitors.

Keywords: Baricitinib; Janus kinase inhibitor;
Network meta-analysis; Peficitinib; Systematic
literature review; Tofacitinib

Key Summary Points

Why carry out this study?

Peficitinib, a Janus kinase (JAK) inhibitor,
has demonstrated efficacy and tolerability
for the treatment of rheumatoid arthritis
in Asian patients; however, head-to-head
clinical trials comparing peficitinib with
other JAK inhibitors are lacking.

We conducted a systematic literature
review and network meta-analysis of
randomized controlled trials to indirectly
compare the efficacy and safety of
peficitinib, tofacitinib, and baricitinib.

What was learned from this study?

Peficitinib (100 and 150 mg once daily)
provided comparable or improved efficacy
outcomes versus tofacitinib (5 mg twice
daily) and baricitinib (2 or 4 mg once
daily).

Safety of peficitinib, as measured by rates
of adverse events and serious adverse
events, was comparable to both tofacitinib
and baricitinib.

For each of these JAK inhibitors versus
placebo, Asian ethnicity was associated
with a positive effect on multiple efficacy
outcomes.

DIGITAL FEATURES

This article is published with digital features,
including summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13626134.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoim-
mune disease characterized primarily by
inflammation of the joint synovial membranes,
but it can also manifest as vascular, bone,
metabolic, and psychological disorders [1, 2]. As
the goal of RA treatment is to achieve sustained
remission or low disease activity (LDA), disease-
modifying antirheumatic drugs (DMARDs) form
the backbone of treatment regimens [3]. The
recommended first-line therapies are conven-
tional synthetic DMARDs (csDMARDs), primar-
ily methotrexate (MTX); for patients who do
not achieve sustained remission or LDA after
6 months, the csDMARD can be switched, or
used in combination with a biologic DMARD or
a targeted synthetic DMARD (tsDMARD) [3, 4].

Janus kinase (JAK) inhibitors are tsDMARDs
that target the JAK family of tyrosine kinases
(JAK1, JAK2, JAK3, and tyrosine kinase 2) [5].
JAKs transduce inflammatory cytokine signals
from the cell membrane to the nucleus and are
consequently implicated in the pathogenesis of
RA [5]. At the time of this research, JAK inhibi-
tors licensed for use (in any country) were
tofacitinib [6], baricitinib [6], and peficitinib [7];
more recently, upadacitinib has also received
approval [8].

Peficitinib (Smyraf�) is a pan-JAK inhibitor
[7] that has demonstrated efficacy in phase 3
trials in Asia [9, 10], with a similar safety profile
to other JAK inhibitors [7, 11]. It is approved for
clinical use in Japan, Korea, and Taiwan, and is
in late-stage clinical development in other
Asian countries [7, 12, 13]. Tofacitinib (Xel-
janz�) is an inhibitor of the JAK family that
preferentially inhibits JAK1 and/or JAK3 over
JAK2 [6, 14], while baricitinib (Olumiant�) is an
inhibitor of JAK1 and JAK2 [15]. Both tofaci-
tinib and baricitinib have shown efficacy and
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tolerability in global phase 3 trials and are
licensed for use in multiple countries worldwide
[16, 17].

There is a lack of head-to-head clinical trials
between currently available JAK inhibitors.
Some indirect comparisons between JAK inhi-
bitors [18–26], or between different peficitinib
doses [27], have been reported, but these
included only a restricted selection of efficacy
and safety outcomes and/or did not investigate
between-study heterogeneity. The aim of our
research was to indirectly compare peficitinib
versus tofacitinib and baricitinib for the treat-
ment of patients with RA, over a broad range of
clinical efficacy, structural, and safety
outcomes.

METHODS

Search Strategy and Selection Criteria

A systematic literature review was conducted on
February 12, 2019, to identify randomized
controlled trials (RCTs) assessing the efficacy
and/or safety of peficitinib, tofacitinib, or
baricitinib in patient populations with RA and a
history of DMARD use (Fig. 1). The Preferred
Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) consensus was fol-
lowed for reporting results [28]. Databases
included were MEDLINE, Embase, the Cochrane
Central Register of Controlled Trials, and the
ClinicalTrials.gov trial registry. The archives of
the American College of Rheumatology (ACR)/
Association of Rheumatology Health Profes-
sionals (now the Association of Rheumatology
Professionals) Annual Meetings were also sear-
ched (from inception via Ovid, with an addi-
tional manual search to capture the 2018
meeting records).

RCTs with a parallel design and comparable
follow-up period were included; real-world
studies, letters, comments, case reports, edito-
rials, in vitro or animal studies, and systematic
reviews were excluded. Also excluded from the
database search were conference abstracts prior
to 2016 and studies after completion of phase 3.
No other restrictions on language, date or geo-
graphical scope were applied. In addition to

information available in the public domain,
clinical study reports from peficitinib trials were
obtained to supplement any missing informa-
tion. Searches were conducted according to the
Participants, Interventions, Comparisons, Out-
come, Study design (PICOS) statement [28], and
a list of search terms used is provided in Sup-
plementary file 1.

Following the identification of potential
publications to be included, they were assessed
to ascertain if multiple articles related to the
same study; any systematic reviews identified
from the searches were retrieved and their list of
references screened for all potential sources of
evidence. Duplicate results were removed;
studies on DMARD-naı̈ve patients were also
excluded at this stage. Two independent
reviewers conducted the study screening and
identification. Any disagreements were resolved
through discussion with a third reviewer. The
methodological quality of the included studies
was assessed using the Cochrane risk of bias tool
[29]. Data extraction was conducted by one
reviewer and validated by a second reviewer.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Interventions and Outcomes

The interventions studied were peficitinib
(100 mg once daily, 150 mg once daily; as
monotherapy or in combination with MTX);
tofacitinib (5 mg twice daily, 11 mg once daily;
as monotherapy or in combination with MTX);
and baricitinib (2 mg once daily, 4 mg once
daily; as monotherapy or in combination with
MTX). Only interventions approved for clinical
use were eligible and tofacitinib 10 mg twice
daily was thus excluded from the network,
given that this dose is not recommended for use
in patients with RA [30, 31]. For studies where
MTX was used concomitantly with JAK inhibi-
tors, this requirement was applied across all
treatment arms, including those with placebo
comparators.

The following efficacy outcomes were ana-
lyzed for weeks 12 and 24 timepoints:
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percentage of patients with ACR20/50/70
response; 28-joint disease activity score using
C-reactive protein (DAS28-CRP) and using ery-
throcyte sedimentation rate (DAS28-ESR); the
percentage of patients achieving DAS28-CRP/-
ESR\ 2.6 and B 3.2; change from baseline in
van der Heijde-modified total Sharp score
(mTSS); percentage of patients with change
from baseline in mTSS B 0.5; Simplified Disease
Activity Index (SDAI) score; and percentage of
patients with SDAI B 3.3. Safety outcomes
analyzed were the overall incidence of adverse

events (AEs) and incidence of serious adverse
events (SAEs). Where available, data for the
intention-to-treat (ITT) population were pre-
ferred over other analysis sets.

Data Analysis

An indirect treatment comparison between
peficitinib and baricitinib or tofacitinib was
conducted using a Bayesian network meta-
analysis (NMA) plus a network meta-regression
(NMR) to test the robustness of data after

Fig. 1 Study selection flow chart. * Conference abstracts
submitted to 2018 American College of Rheumatology/
Association of Rheumatology Health Professionals Annual
Meeting in Chicago (https://acrabstracts.org/meetings/
2018-acr-arhp-annual-meeting/). � The phase 2a study of

tofacitinib by Kremer JM et al. Arthritis Rheum 2009 was
omitted from the NMA and NMR due to its 6-week
treatment period. Cochrane CENTRAL the Cochrane
Central Register of Controlled Trials, NMA network
meta-analysis, NMR network meta-regression
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adjusting for between-trial differences in base-
line characteristics, in accordance with guid-
ance from The UK National Institute for Health
and Care Excellence (NICE) and the Interna-
tional Society for Pharmacoeconomics and
Outcomes Research (ISPOR) [32–35].

Network Meta-Analysis
Clinical data were pooled using both fixed- and
random-effects models (Supplementary file 2).
Studies with a follow-up of 9–15 weeks were
pooled together to define a 12-week network;
similarly, studies with a follow-up of 20–-
30 weeks were pooled together to define a
24-week network. For studies that included
patients initially assigned to placebo and then
switched to active treatment, only the period
prior to switching was included.

For binary outcomes (expressed as the odds
of an ACR20/50/70 response; remission as
defined by DAS28-CRP/-ESR\ 2.6 and SDAI
B 3.3; LDA as defined by DAS28-CRP/-ESR
B 3.2; and experiencing an AE or SAE),
between-treatment differences were compared
using posterior medians of odds ratios (OR) with
95% credibility intervals (CrI). For continuous
variables (changes from baseline in DAS28-
CRP/-ESR, SDAI and mTSS), posterior medians
of between-treatment differences with 95% CrI
were reported. The surface under the cumula-
tive ranking curve (SUCRA) was calculated for
each outcome and treatment.

Network Meta-Regression
An NMR was conducted to assess the impact of
between-study heterogeneity on the magnitude
of the relative effect versus the comparator arm,
in accordance with the NICE Decision Support
Unit guidelines (Supplementary file 3) [33]. The
potential covariates investigated were the mean
percentage of patients receiving concomitant
MTX and the mean percentage of Asian
patients, in each study (Table 1). For outcomes
with a confirmed interaction between percent-
age of patients receiving MTX and magnitude of
the effect, the mean dose of MTX in each study
was also tested as a covariate. NMA models were
preferred over NMR models unless the deviance
information criterion (DIC) for the NMR model

was lower by C 5 points, indicating a mean-
ingfully better fit.

RESULTS

Study Screening and Inclusion

A total of 1296 unduplicated records were
identified (Fig. 1). Full-text analysis was con-
ducted for 55 articles, and 22 RCTs (from 32
publications) were included in an initial syn-
thesis. Of these, one study of tofacitinib (Kre-
mer 2009) [36] was excluded as the treatment
period was only 6 weeks. The remaining 21 tri-
als (five peficitinib, seven baricitinib, and nine
tofacitinib) had assessed JAK inhibitors
for C 12 weeks, reported relevant outcomes,
and were included in the meta-analysis
(Table 1). No RCTs assessing tofacitinib 11 mg
once daily were identified.

The included studies were published
between 2011 and 2019, with the number of
patients per study ranging from 55 to 975; the
total number of patients included in the NMA
was 6542 (Table 1). The network of studies
included in efficacy and safety comparisons is
given in Fig. 2. For all included studies, the risk
of bias in relation to method of treatment
allocation and outcome reporting was judged to
be low to unclear across all domains (Supple-
mentary file 4).

NMA Results

All evaluable efficacy outcomes were signifi-
cantly improved with both peficitinib 100 and
150 mg compared with placebo (Tables 2 and 3;
Supplementary file 5). At 12 weeks, all evaluable
efficacy outcomes were comparable or improved
with peficitinib 150 mg versus baricitinib 2 or
4 mg and tofacitinib 5 mg (Table 2; Supple-
mentary file 5). The efficacy of peficitinib
150 mg was significantly improved versus
tofacitinib 5 mg for the proportion of patients
achieving DAS28-ESR B 3.2 (OR [95% CrI] 2.46
[1.10, 5.58]); versus baricitinib 2 mg regarding
ACR50 response (OR [95% CrI] 1.63 [1.04,
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2.58]); and versus baricitinib 2 and 4 mg for
reductions in SDAI score (OR [95% CrI] – 7.02
[- 9.76, - 4.32] and – 4.48 [- 6.97, - 1.98],
respectively), achievement of SDAI B 3.3 (OR
[95% CrI] 7.79 [1.56, 115.30] and 6.42 [1.34,
92.81], respectively), achievement of DAS28-
CRP B 3.2 (OR [95% CrI] 2.94 [1.83, 4.79] and
2.02 [1.31, 3.18], respectively), and achieve-
ment of DAS28-ESR B 3.2 (OR [95% CrI] 3.07
[1.59, 6.24] and 2.42 [1.31, 4.77], respectively)
(Table 2; Supplementary file 5). At 12 weeks,
peficitinib 100 mg was comparable to barici-
tinib 2 or 4 mg and tofacitinib 5 mg for almost
all efficacy outcomes analyzed; peficitinib
100 mg provided significant improvement ver-
sus baricitinib 2 mg for reductions in SDAI score
(OR [95% CrI] – 2.82 [- 5.58, - 0.08]) and the
proportion of patients achieving DAS-CRP
B 3.2 (OR [95% CrI] 1.96 [1.22, 3.21]) (Table 3;
Supplementary file 5). SUCRA rankings indi-
cated that patients receiving peficitinib 150 mg
were the most likely to achieve ACR20 or
ACR50 response at 12 weeks, followed by

tofacitinib 5 mg, baricitinib 4 mg, peficitinib
100 mg, baricitinib 2 mg, and placebo (Sup-
plementary file 5). However, for ACR70
response at 12 weeks, baricitinib 2 and 4 mg
were ranked above peficitinib 150 mg (Sup-
plementary file 5).

At 24 weeks, all efficacy outcomes were
comparable or improved with either peficitinib
150 or 100 mg versus baricitinib 2 or 4 mg and
tofacitinib 5 mg (Tables 2 and 3; Supplementary
file 6). ACR20 response, ACR50 response, and
change from baseline in mTSS were improved
with either peficitinib dose compared with
baricitinib 2 or 4 mg and tofacitinib 5 mg
(Tables 2 and 3; Supplementary file 6). Pefici-
tinib 100 or 150 mg also provided significant
improvement over tofacitinib 5 mg for change
in DAS28-CRP scores and over baricitinib 2 mg
for achievement of DAS28-CRP B 2.6 (Tables 2
and 3; Supplementary file 6). Change from
baseline in DAS28-CRP scores and achievement
of mTSS B 0.5 were also significantly improved
with peficitinib 150 mg, but not peficitinib

Fig. 2 Network of eligible comparisons for efficacy and
safety of JAK inhibitors for RA. a Tanaka, 2011; van
Vollenhoven, 2012; Fleischmann, 2012 (ph 2b); Kremer,
2012; Fleischmann, 2012 (Oral Solo); Burmester, 2013;
van der Heijde, 2013; Tanaka, 2015. b Takeuchi, 2016;
Kivitz, 2017; Tanaka, 2019; Takeuchi, 2019; Genovese,
2017. c Keystone, 2015; Tanaka, 2016; Genovese, 2016;
Taylor, 2017; Dougados, 2017; Incyte Co., 2018; Eli Lilly
and Co., 2019. d Keystone, 2015; Tanaka, 2016;
Genovese, 2016; Dougados, 2017. e Fleischmann, 2012
(ph 2b); van Vollenhoven, 2012; Kremer, 2012; Kremer,

2013; van der Heijde, 2013. f Takeuchi, 2019. g Genovese,
2016; Taylor, 2017; Dougados, 2017; Eli Lilly and Co.,
2019. h Genovese, 2016; Dougados, 2017. The size of each
treatment node is proportional to the number of
randomized patients, assumes all studies are included; the
number of patients may differ for specific outcomes. BAR
baricitinib, BID twice daily, JAK Janus kinase, PBO
placebo, PEF peficitinib, QD once daily, RA rheumatoid
arthritis, RCT randomized controlled trial, TOF
tofacitinib
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100 mg, over baricitinib 2 mg (Tables 2 and 3;
Supplementary file 6). The highest SUCRA
ranking for ACR20 and ACR50 responses at
24 weeks was achieved by peficitinib 150 mg,
followed by peficitinib 100 mg, baricitinib
4 mg, tofacitinib 5 mg, baricitinib 2 mg, and
placebo (Supplementary file 6). This ranking
differed for ACR70 at 24 weeks, for which
tofacitinib 5 mg ranked higher than did pefici-
tinib 100 mg (Supplementary file 6). It was not
possible to evaluate change from baseline in
SDAI at 24 weeks due to a scarcity of data.

For safety outcomes, both peficitinib doses
were comparable to placebo, baricitinib 2 or
4 mg, and tofacitinib 5 mg regarding the risk of
AEs and SAEs at 12 weeks (Tables 2 and 3; Sup-
plementary file 5). Due to a lack of data, it was
not possible to evaluate risk of AEs and SAEs at
24 weeks.

NMA results by study are presented in Sup-
plementary files 5 and 6.

NMR Results

Adjustment for Percentage of Patients
Receiving MTX
Of the 21 studies included in the NMA, one
study (Incyte Corporation 2018 [37]) was
excluded from the estimation of the mean
percentage of patients receiving concomitant
MTX as it did not report this information
(Table 1). Across the remaining studies, the
weighted mean percentage of patients receiving
MTX was 67, 67, and 90% for studies of pefici-
tinib, tofacitinib, and baricitinib, respectively
(Table 1). For all efficacy and safety analyses,
there was no evidence for interaction between
the percentage of patients receiving MTX and
the magnitude of the treatment effect (Table 4).
The analysis adjusting for mean MTX dose was
therefore not performed.

The results of the NMA and NMR were con-
sistent except for the comparisons of peficitinib
150 mg versus tofacitinib for achievement of
DAS28-ESR B 3.2 at week 12; peficitinib 150 mg
versus baricitinib 2 mg for achievement of
DAS28-CRP B 2.6 at week 24; and peficitinib
100 mg versus baricitinib 2 mg for achievement
of DAS28-CRP B 2.6 at week 24 (Supplementary
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files 7 and 8). The NMA was preferred over the
NMR for all efficacy and safety comparisons,
taking into account model simplicity, DIC val-
ues, and the reduced number of studies inclu-
ded in the NMR (Supplementary file 9).

Adjustment for Percentage of Asian Patients
All 21 studies were included in the estimation of
the mean percentage of Asian patients. The
weighted mean percentage of Asian patients
was 71, 23, and 28% for studies of peficitinib,
tofacitinib, and baricitinib, respectively
(Table 1). A relationship between the percent-
age of Asian patients and the magnitude of
treatment effect was observed for ACR20/50/70
responses, achievement of DAS28-ESR B 3.2,
and change in SDAI at week 12; and ACR50
response and mean change in DAS28-CRP at
week 24 (Table 5). For all other efficacy and
safety outcomes, the percentage of Asian
patients had no significant effect (Table 5).

For the majority of outcomes, the NMA
model was preferred based on lower DIC values,
with the exception of ACR20/50/70 responses at
week 12 (Supplementary files 10–12). The NMR
models for ACR50 response and change in
DAS28-CRP at week 24 had numerically lower
DIC values; however, the magnitude of the
difference was not considered meaningful and
the simpler NMA model was preferred for these
outcomes (Supplementary files 10 and 11).

Following adjustment for the percentage of
Asian patients, the results of the NMR indicated
that changes from baseline in mTSS at week 24
were not significant for peficitinib 100 and
150 mg versus baricitinib 2 and 4 mg or tofaci-
tinib (Supplementary files 10 and 11). When
compared with placebo, only peficitinib 150 mg
showed significant improvement for change
from baseline in mTSS at week 24, after adjust-
ment for the percentage of Asian patients
(Supplementary files 10 and 11).

DISCUSSION

This NMA demonstrated that peficitinib (100
and 150 mg once daily) was comparable to, and
in some cases provided significant improve-
ment over, tofacitinib (5 mg twice daily) and

baricitinib (2 or 4 mg once daily) for control of
disease symptoms (as measured by ACR20/50/
70 responses), reduction of inflammatory states
(DAS28-CRP and -ESR scores), and reduction in
the rate of disease progression (mTSS and SDAI).
Based on SUCRA rankings, peficitinib 150 mg
had the highest probability of being the best
treatment in terms of ACR20 response at both
12 and 24 weeks in the populations studied.
Notably, both doses of peficitinib were associ-
ated with significantly improved rates of
ACR20/50 responses and reduction of change
from baseline in mTSS after 24 weeks of treat-
ment, compared with tofacitinib and barici-
tinib. However, between-treatment differences
in the proportion of patients achieving changes
from baseline in mTSS of B 0.5 were not sig-
nificant except for peficitinib 150 mg versus
baricitinib 2 mg. Of note, as extended-release
tofacitinib 11 mg once daily is approved for use
in the USA, this dose of tofacitinib was consid-
ered eligible for inclusion in the NMA and NMR;
however, no RCTs assessing this regimen were
identified and tofacitinib 11 mg therefore could
not be included in our comparisons. It should
also be highlighted that our NMA results did
not take into account between-trial differences
in baseline characteristics, which were instead
analyzed in our subsequent NMR.

Our findings are broadly consistent with a
previously published NMA comparing JAK
inhibitors as monotherapy, which found that
peficitinib 150 mg had significantly greater
odds of achieving an ACR20 response at 12 to
24 weeks versus tofacitinib 5 mg and baricitinib
4 mg [26]. In contrast, an NMA of JAK inhibitors
in combination with DMARDs ranked tofaci-
tinib 10 mg ? MTX above peficitinib
150 mg ? MTX for ACR20 response at 12 to
24 weeks; however, the between-treatment dif-
ferences in ACR20 response rates did not reach
significance in this study [25]. Moreover, in our
NMR, ACR20 responses were comparable
between peficitinib 150 mg versus tofacitinib
5 mg and baricitinib 2 or 4 mg after adjustment
for the proportion of Asian patients.

Encouragingly, our results showed that rates
of AEs and SAEs for both peficitinib 100 and
150 mg were comparable to other JAK inhibitors
and to placebo. A number of other previous
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analyses have also found the rate of SAEs to be
not significantly different between peficitinib
and tofacitinib [25], peficitinib and baricitinib
[26], and between tofacitinib, baricitinib, and
peficitinib versus placebo [19, 25, 26, 38, 39]; an
exception was for tofacitinib 5 mg as
monotherapy, which was associated with a sig-
nificantly lower rate of SAEs versus peficitinib
100 mg, baricitinib 4 mg, and placebo [26]. It
should also be highlighted that an increased
rates of herpes zoster-related disease (which was
not assessed in our study) has been observed
with JAK inhibitor treatment [39, 40]. We note,
however, that these NMAs are not directly
comparable due to differences in included
interventions, methodology, and patient
populations.

According to our NMR analyses, there was no
evidence of an interaction between MTX and
any of the efficacy and safety outcomes asses-
sed. However, Asian ethnicity was associated
with a positive effect on ACR20/50/70 respon-
ses, change from baseline in SDAI score, and the
proportion of patients achieving DAS28-ESR
B 3.2 at week 12; and ACR50 response and
change from baseline in DAS28-CRP score at
week 24. This positive effect was observed with
peficitinib, tofacitinib, and baricitinib. A greater
beneficial effect of JAK inhibitors versus placebo
was observed in studies with a higher propor-
tion of Asian patients.

A notable finding from the current NMA was
that some efficacy outcomes were improved
with peficitinib (100 and 150 mg once daily)
compared with tofacitinib (5 mg twice daily)
and baricitinib (2 or 4 mg once daily): after
24 weeks of treatment, these included ACR20
response, ACR50 response, and change from
baseline in mTSS. This may be the result of the
relatively higher proportion of Asian patients in
the peficitinib clinical trials than in tofacitinib
and baricitinib trials; due to the interaction
between Asian ethnicity and the responses lis-
ted in the previous paragraph, the relative effi-
cacy of peficitinib versus the other two JAK
inhibitors was reduced once analyses were
adjusted for the percentage of Asian patients.
These results are consistent with data from
previous trials, which showed that tofacitinib
had greater efficacy in Asian patients than inT
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patients of other ethnicities, for unknown rea-
sons [41, 42]. We have also observed that
peficitinib performed better in clinical trials in
patients in Asian countries [9, 10] compared
with those in a global trial reported by Kivitz
et al. [43], despite the fact that patients in all
three trials had had an inadequate response to
MTX, and also predominantly moderate-to-
severe RA according to baseline DAS28 or other
validated composite measures of disease activity
[9, 10, 43]. On the other hand, the findings of
the Kivitz et al. study could be attributed to the
high placebo effect in the study population
(44% of placebo-treated patients had an ACR20
response at 12 weeks); this effect also showed
large variability depending on region, and sensi-
tivity analyses including only European centers
did indicate superiority of peficitinib over placebo
[43]. Similarly, patients in the Genovese et al. trial
also had a high ACR20 response rate with placebo
treatment (22% at 12 weeks); despite this, ACR20
response rates at 12 weeks with peficitinib were
significantly higher at 48–56% for the total study
population [44]. These relatively high placebo
responses in non-Asian patients contrast with the
average ACR20 response rates at 12 weeks of
11–31% among Asian patients who received pla-
cebo, across the phase 2 and phase 3 trials
[9, 10, 45]. Further investigations are needed to
elucidate the reasons underlying the interethnic
differences observed in these trials.

Our research fills an important gap in this
area by including peficitinib, one of the more
recently approved JAK inhibitors and available
only in some East Asian countries, in an indirect
comparison with the globally available products
tofacitinib and baricitinib. Strengths of our
NMA include the assessment of multiple effi-
cacy outcomes at both week 12 and week 24
timepoints; the inclusion of both AEs and SAEs
in the analysis; and its conduct in line with
ISPOR and NICE guidelines. Furthermore, we
conducted an NMR analysis to enable us to
assess the impact of between-study hetero-
geneity, regarding both concomitant MTX use
and Asian ethnicity, on our findings. One lim-
itation of this NMA and NMR is that the num-
ber of studies assessing outcomes at 24 weeks
was lower than the number assessing outcomes
at 12 weeks; in particular, safety outcomes were

assessed only for the week 12 timepoint, as
safety data for the peficitinib phase 3 studies
were available only at weeks 12 and 52 [9, 10]
and no SDAI data were available for compar-
isons at week 24. Furthermore, the literature
review identified studies published up to
February 2019, which is when our analyses were
conducted, and we recognize that more recent
studies have been omitted. Additionally, we did
not compare the risk of AEs of special interest in
RA patient populations: namely, serious infec-
tions, herpes zoster-related disease, and malig-
nancy. Studies also allowed for cross-over from
placebo to JAK inhibitor after 12–24 weeks
owing to lack of efficacy and the ethical issue of
long-term placebo treatment. Different meth-
ods were often adopted to account for missing
data arising from either between-treatment
cross-over and/or loss to follow-up. With regard
to remission and LDA, our analyses defined
these outcomes as scores of\2.6 and B 3.2,
respectively, for both DAS28-CRP and DAS28-
ESR; however, DAS28-CRP has been shown not
to be interchangeable with DAS28-ESR based on
the same cut-off thresholds [46].

The patients included in our analyses were
predominantly those with a history of prior
DMARD use, and our analyses may not extrap-
olate to patients who are DMARD-naı̈ve. How-
ever, given current EULAR (European League
Against Rheumatism) and APLAR guidelines
[4, 47], patients who have had prior DMARD use
are likely to be the target patient population for
JAK inhibitors. For the NMR, covariate values
(the percentage of patients receiving concomi-
tant MTX and the percentage of Asian patients)
were not adequately reported across all identi-
fied studies; this was particularly the case
regarding the proportions of Asian patients and,
for many RCTs, these values were estimated
based on the location of study centers, which
increases uncertainty of the outcomes. Fur-
thermore, the high proportion of Asian patients
in peficitinib studies may have adversely affec-
ted the NMR adjustment.

The analysis of mTSS at 24 weeks was based
on only four trials, and the mean change from
baseline observed in the placebo arms was
inconsistent across the studies (peficitinib: 3.4;
tofacitinib: 0.47; baricitinib: 0.7–0.8),
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indicating noticeable between-trial heterogene-
ity. A further challenge to interpretation of the
mTSS findings is posed by differences between
studies in baseline MTX dose, particularly as the
dose of MTX tends to be lower in Japan than in
other countries [47, 48], and our analysis did
not take into account the average dose that
patients received in each study. mTSS scores
also tend to be higher in Japanese patients than
in other populations [49–51].

CONCLUSIONS

In conclusion, the results of this study suggest
that peficitinib had comparable efficacy versus
both tofacitinib and baricitinib for a majority of
the outcomes assessed, and no notable differ-
ences in safety assessments were observed. Fur-
ther analyses are required to better characterize
efficacy of JAK inhibitors in different ethnici-
ties, which may require going beyond RCTs.
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3. Smolen JS, Landewé R, Bijlsma J, Burmester G,
Chatzidionysiou K, Dougados M, et al. EULAR rec-
ommendations for the management of rheumatoid
arthritis with synthetic and biological disease-
modifying antirheumatic drugs: 2016 update. Ann
Rheum Dis. 2017;76:960–77.

4. Lau CS, Chia F, Dans L, Harrison A, Hsieh TY, Jain
R, et al. 2018 update of the APLAR

recommendations for treatment of rheumatoid
arthritis. Int J Rheum Dis. 2019;22:357–75.

5. Tanaka Y. The JAK inhibitors: do they bring a
paradigm shift for the management of rheumatic
diseases? Rheumatology. 2019;58:i1-3.

6. Jegatheeswaran J, Turk M, Pope JE. Comparison of
Janus kinase inhibitors in the treatment of
rheumatoid arthritis: a systemic literature review.
Immunother Engl. 2019;11:737–54.

7. Tanaka Y, Izutsu H. Peficitinib for the treatment of
rheumatoid arthritis: an overview from clinical tri-
als. Expert Opin Pharmacother. 2020;21:1015–25.

8. Duggan S. Keam SJ. Upadacitinib: first approval.
Drugs. 2019;79:1819–28.

9. Tanaka Y, Takeuchi T, Tanaka S, Kawakami A,
Iwasaki M, Song YW, et al. Efficacy and safety of
peficitinib (ASP015K) in patients with rheumatoid
arthritis and an inadequate response to conven-
tional DMARDs: a randomised, double-blind, pla-
cebo-controlled phase III trial (RAJ3). Ann Rheum
Dis. 2019;78:1320–32.

10. Takeuchi T, Tanaka Y, Tanaka S, Kawakami A,
Iwasaki M, Katayama K, et al. Efficacy and safety of
peficitinib (ASP015K) in patients with rheumatoid
arthritis and an inadequate response to
methotrexate: results of a phase III randomised,
double-blind, placebo-controlled trial (RAJ4) in
Japan. Ann Rheum Dis. 2019;78:1305–19.

11. Takeuchi T, Tanaka Y, Tanaka S, Kawakami A, Song
Y-W, Chen Y-H, et al. Safety and effectiveness of
peficitinib (ASP015K) in patients with rheumatoid
arthritis: interim data (22.7 months mean pefici-
tinib treatment) from a long-term, open-label
extension study in Japan, Korea, and Taiwan.
Arthritis Res Ther. 2020;22:47.

12. Astellas Pharma Taiwan, Inc. Drug details: 50 mg
Smyraf (peficitinib hydrobromide) [Internet]. 2020
[cited 2020 Jun 4]. https://info.fda.gov.tw/MLMS/
H0001D.aspx?Type=Lic&LicId=52027856

13. Astellas Pharma Taiwan, Inc. Drug details: 100 mg
Smyraf (peficitinib hydrobromide) [Internet]. 2020
[cited 2020 Jun 4]. https://info.fda.gov.tw/MLMS/
H0001D.aspx?Type=Lic&LicId=52027857

14. Dhillon S. Tofacitinib: a review in rheumatoid
arthritis. Drugs. 2017;77:1987–2001.

15. Al-Salama ZT, Scott LJ. Baricitinib: a review in
rheumatoid arthritis. Drugs. 2018;761–72.

16. Cohen S, Curtis JR, DeMasi R, Chen Y, Fan H,
Soonasra A, et al. Worldwide, 3-year, post-market-
ing surveillance experience with tofacitinib in

Rheumatol Ther (2021) 8:729–750 747

http://www.clinicalstudydatarequest.com
http://www.clinicalstudydatarequest.com
https://clinicalstudydatarequest.com/Study-Sponsors/Study-Sponsors-Astellas.aspx
https://clinicalstudydatarequest.com/Study-Sponsors/Study-Sponsors-Astellas.aspx
https://clinicalstudydatarequest.com/Study-Sponsors/Study-Sponsors-Astellas.aspx
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://info.fda.gov.tw/MLMS/H0001D.aspx?Type=Lic&LicId=52027856
https://info.fda.gov.tw/MLMS/H0001D.aspx?Type=Lic&LicId=52027856
https://info.fda.gov.tw/MLMS/H0001D.aspx?Type=Lic&LicId=52027857
https://info.fda.gov.tw/MLMS/H0001D.aspx?Type=Lic&LicId=52027857


rheumatoid arthritis. Rheumatol Ther. 2018;5:
283–91.

17. van der Heijde D, Schiff M, Tanaka Y, Xie L, Mes-
zaros G, Ishii T, et al. Low rates of radiographic
progression of structural joint damage over 2 years
of baricitinib treatment in patients with rheuma-
toid arthritis. RMD Open. 2019;5:e000898.

18. Song GG, Choi SJ, Lee YH. Comparison of the effi-
cacy and safety of tofacitinib and upadacitinib in
patients with active rheumatoid arthritis: a Baye-
sian network meta-analysis of randomized con-
trolled trials. Int J Rheum Dis. 2019;22:1563–71.

19. Bae SC, Lee YH. Comparison of the efficacy and
safety of tofacitinib and baricitinib in patients with
active rheumatoid arthritis: a Bayesian network
meta-analysis of randomized controlled trials.
Z Rheumatol. 2019;78:559–67.

20. Fautrel B, Zhu B, Taylor P, van de Laar M, Emery P,
De Leonardis F, et al. Comparative effectiveness of
improvement in pain and physical function for
baricitinib versus adalimumab, tocilizumab, and
tofacitinib monotherapies in rheumatoid arthritis
patients who are naı̈ve to treatment with biologic
or conventional synthetic disease. RMD Open.
2020;1–10.

21. Lee Y, Song G. Comparative efficacy and safety of
tofacitinib, baricitinib, upadacitinib, and filgotinib
in active rheumatoid arthritis refractory to biologic
disease-modifying antirheumatic drugs. Z Rheuma-
tol. 2020. https://doi.org/10.1007/s00393-020-
00796-1.

22. Lee YH, Song GG. Comparison of the efficacy and
safety of tofacitinib and filgotinib in patients with
active rheumatoid arthritis: a Bayesian network
meta-analysis of randomized controlled trials.
Z Rheumatol. 2019;79:590–603.

23. Lee YH, Song GG. Relative efficacy and safety of
tofacitinib, baricitinib, upadacitinib, and filgotinib
in comparison to adalimumab in patients with
active rheumatoid arthritis. Z Rheumatol. 2020;79:
785–96.

24. Pope J, Sawant R, Tundia N, Du EX, Qi CZ, Song Y,
et al. Comparative efficacy of JAK inhibitors for
moderate-to-severe rheumatoid arthritis: a network
meta-analysis. Adv Ther. 2020;37:2356–72.

25. Lee YH, Song GG. Comparison of the efficacy and
safety of tofacitinib and peficitinib in patients with
active rheumatoid arthritis: a Bayesian network
meta-analysis of randomized controlled trials. Int J
Rheum Dis. 2020;23:868–75.

26. Lee YH, Song GG. Comparative efficacy and safety
of tofacitinib, baricitinib, upadacitinib, filgotinib

and peficitinib as monotherapy for active rheuma-
toid arthritis. J Clin Pharm Ther. 2020;45:674–81.

27. Lee YH, Song GG. Comparative efficacy and safety
of peficitinib 25, 50, 100, and 150 mg in patients
with active rheumatoid arthritis: a Bayesian net-
work meta-analysis of randomized controlled trials.
Clin Drug Investig. 2020;40:65–72.

28. Liberati A, Altman DG, Tetzlaff J, Mulrow C,
Gøtzsche PC, Ioannidis JPA, et al. The PRISMA
statement for reporting systematic reviews and
meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration. BMJ.
2009;339:b2700.

29. Higgins JPT, Altman DG, Gøtzsche PC, Jüni P,
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