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ABSTRACT

Objective. The purpose of this study
was to compare the discontinuation
rates of tofacitinib and biologics (tu-
mour necrosis factor inhibitors (TNFi),
abatacept, rituximab, and tocilizumab)
in rheumatoid arthritis (RA) patients
considering inadequate responses (IRs)
to previous treatment(s).

Methods. Randomised controlled trials
of tofacitinib and biologics — report-
ing at least one total discontinuation,
discontinuation due to lack of efficacy
(LOE), and discontinuation due to ad-
verse events (AEs) — were identified
through systematic review. The analyses
were conducted for patients with IRs to
conventional synthetic disease-modify-
ing anti-rheumatic drugs (¢cDMARD:s)
and for patients with biologics-IR, sepa-
rately. Bayesian network meta-analysis
was used to estimate rate ratio (RR) of a
biologic relative to tofacitinib with 95%
credible interval (Crl), and probability
of RR being <1 (P[RR<1]).

Results. The analyses of 34 studies
showed no significant differences in
discontinuation rates between tofaci-
tinib and biologics in the cDMARDs-IR
group. In the biologics-IR group, how-
ever, TNFi (RR 0.17, 95% Crl 0.01-
3.61, P[RR<1] 92.0%) and rituximab
(RR 0.20,95% Crl1 0.01-2.91, P[RR<I]
92.3%) showed significantly lower total
discontinuation rates than tofacitinib
did. Despite the difference, discontinu-
ation cases owing to LOE and AEs re-
vealed that tofacitinib was comparable
to the biologics.

Conclusion. The comparability of dis-
continuation rate between tofacitinib
and biologics was different based on
previous treatments and discontinua-
tion reasons: LOE, AEs, and total (due

to other reasons). Therefore, those fac-
tors need to be considered to decide the
optimal treatment strategy.

Introduction

The primary aim of rheumatoid arthri-
tis (RA) treatment is to maximise long-
term life with health quality through
control of symptoms and prevention of
disease progression or structural dam-
age (1). Considering the chronic nature
of RA, long-term use of treatment is
important without discontinuation (2).
Nonetheless, most treatments includ-
ing biologics are generally discontin-
ued due to lack of efficacy (LOE) and/
or adverse events (AEs), even though
the proportions are somewhat different
among them (3). Therefore, the drug
discontinuation rate can be an appro-
priate measurement of efficacy, safety,
and tolerability in RA (4).

Generally, patients who are diagnosed
as RA commence treatment with con-
ventional synthetic disease-modifying
anti-rheumatic drugs (¢cDMARDs) and
who experience inadequate responses
(IRs) to ¢cDMARDs can be treated
with biologics including tumour ne-
crosis factor inhibitor (TNFi) biolog-
ics and non-TNFi biologics (abatacept,
rituximab, and tocilizumab). Lately, to-
facitinib, which had been restricted to
patients with biologics-IR (5), can be
now considered as the first treatment
for patients with cDMARDs-IR as the
American College of Rheumatology
(ACR) guideline was revised in 2015
(6). Rheumatologists and patients face
a variety of alternatives with the intro-
duction of tofacitinib — oral, synthetic
DMARD designed to target Janus ki-
nases. However, there are no head-to-
head trials or studies comparing the
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discontinuation rates of tofacitinib
relative to comparable biologics.
Bayesian  network  meta-analysis
(NMA) can be a feasible alternative to
simultaneous comparison of interesting
treatments without head-to-head trials
(7, 8). NMA is a method of estimating
the effects of multiple interventions
including both indirect and direct com-
parisons (7), and the Bayesian approach
allows for calculation of the probability
that a given treatment is the most ef-
ficient; this metric could be useful for
clinicians and decision makers (8).
This study aimed to compare the dis-
continuation rates of tofacitinib with
biologics using Bayesian NMA based
on randomised controlled trials (RCTs)
identified in a systematic review. To-
facitinib and biologics are available
to both patients with cDMARDs-IR
and biologics-IR, nonetheless patients
with failed biologics should not be
pooled with biologic-naive patients
when comparing treatments by meta-
analysis due to the comparability prob-
lem (9, 10). Accordingly, we separated
the patients by previous treatment(s):
cDMARD:s and biologics.

Methods

The literature search strategy

We carried out a systematic review to
identify relevant published RCTs, which
evaluated tofacitinib or biologics to treat
RA patients with IRs to cDMARDs or
biologics. MEDLINE and the Cochrane
Library were accessed on 24 December
2015. The strategy involved the use of
keywords or medical subject headings
(MeSHs) relevant to the disease term
with the drug name; tofacitinib, TNFi
biologics (including adalimumab, cer-
tolizumab, etanercept, golimumab,
infliximab), abatacept, rituximab, and
tocilizumab. The search was limited to
human RCTs published in English.

Study selection and quality assessment

Two independent investigators assessed
the found articles for compatibility, and
inconsistencies were resolved by a
third investigator. Inclusion/exclusion
through titles and abstracts was per-
formed, and the remaining studies were
further screened using the full-text ar-
ticles whether they met the following
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inclusion criteria: full published RCTs
with (1) minimum duration of 12 weeks
in adults with RA; (2) tofacitinib or bi-
ologics in comparison with each other
or a placebo in combination with cD-
MARD:s (10); (3) RA patients showing
failure with cDMARDs or biologics;
(4) at least one of the outcomes of inter-
est: total discontinuation, discontinua-
tion due to LOE, discontinuation due to
AEs; (5) the use of maintenance doses
(treatment agent, dose, and cycle) rec-
ommended by ACR (http://www.rheu-
matology.org/I-Am-A/Patient-Caregiv-
er/Treatments). In case of abatacept
and certolizumab, the licensed dose
was applied due to the absence of a rec-
ommendation: adalimumab, 40 mg, 2
weeks; certolizumab, 200 mg, 2 weeks
or 400 mg, 4 weeks; etanercept, 25 mg,
twice a week or 50 mg, 1 week; goli-
mumab, 50 mg, 4 weeks; infliximab,
3 mg/kg, week 0/2/6 and then every 8
weeks; abatacept, 10 mg/kg, 4 weeks;
rituximab, 2 x 1000 mg, 2 weeks; and
tocilizumab, 8 mg/kg, 4 weeks. Studies
that combined the trial population with
a failure history of cDMARDs and bio-
logics were excluded.

Quality assessment was performed for
each identified study using Cochrane’s
Risk of Bias by two independent re-
viewers and a third investigator for dis-
crepancies.

Data extraction

In this study, discontinuation was ex-
plored by reason (LOE and AEs) and
by total score, which was the main
parameter of interest. The discontinu-
ation rate and rate ratio (RR) for each
biologic relative to tofacitinib were
measured for the three parameters. The
outcomes of interest were extracted on
the number of discontinuation events
by reason with the follow-up period
for use of the discontinuation rate per
100 patient-months because of the dif-
ferences in follow-up periods between
trials. In some tofacitinib trials (11-13),
the number of patients with discontinu-
ation events was hard to extract exactly
due to study design (all patients in the
placebo group changed treatment to to-
facitinib at 6 months and the outcomes
were presented at the time point of 12
months). Therefore, we supposed that

all of events for a placebo occurred
before 6 months, the period of placebo
administration. Discontinuation due
to AEs for a placebo was extracted at
3 months using published available
safety data. Additionally, details for as-
certaining the similarity between stud-
ies were extracted on study population
characteristics such as age, concomi-
tant drug(s), and baseline health assess-
ment questionnaire (HAQ).

We pooled TNFi biologics into one
treatment group (14), based on the as-
sumption that the efficacy of TNFi bio-
logics is similar. This method was on
the basis of several studies that demon-
strated similar efficacy of adalimumab,
etanercept, and infliximab (15, 16),
and nonsignificant differences in ACR
50/70 between certolizumab and other
TNFi biologics (17). As a result, we de-
termined the comparative discontinua-
tion rate of tofacitinib, TNFi biologics,
abatacept, rituximab, and tocilizumab.

Statistical analysis: Bayesian NMA
The Bayesian NMA was conducted to
simultaneously compare tofacitinib and
biologics for each outcome. The Bayes-
ian approach estimates a posterior prob-
ability distribution through a combina-
tion of a prior distribution with likeli-
hood distribution from the observed
data. For Bayesian NMA, a Poisson
likelihood and a log link were used,
due to data on counts over a certain
varying time period between each trial
(18). To account for the heterogeneity
between RCTs, the Bayesian random
effects model was used (8). All models
were fitted in WinBUGs 1.4.3 (Medi-
cal Research Council Biostatistics Unit,
Cambridge, UK) using Markov Chain
Monte Carlo (MCMC) algorithms. Two
chains were employed for evaluating
MCMC convergence, which was veri-
fied using the Gelman-Rubin statistics.
Fifty thousand iterations were per-
formed for each chain. The first 20,000
iterations were discarded to eliminate
the initial value effect, and the remain-
ing 80,000 values were used to estimate
the posterior distribution. When the as-
sumption of autocorrelation of MCMC
samples was not satisfied, the proper
thinning intervals were used.

Due to a skewed posterior probabil-
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Potentially relevant records (1,416) identified based on systematic search
in MEDLINE (543) and Cochrane (1,322) and excluded duplicates (449)

Abstracts excluded (1,181)
Study design out of scope (91)
No rheumatoid arthritis patients (197)
Intervention out of scope (114)
Objective out of scope (436)
Duplicates or identical RCTs (18)
Abstracts or comments (317)
Others (8)

Full text review: 235

Included for cDOMARDs-IR (34)
Tofacitinib (4)
TNFi biologics (19)
Abatacept (4)
Rituximab (2)
Tocilizumab (4)
Head-to-Head trial (1)

Full text publications excluded (195)
Study design out of scope (26)
Patients out of scope (102)
Intervention/Outcome out of scope (31)
Objective out of scope (17)
Identical RCTs (18)
Others (1)

Included for biologics-IR (6)
Tofacitinib (1)

TNFi biologics (1)

Abatacept (1)

Rituximab (2)

Tocilizumab (1)

Fig. 1. Selection of randomised controlled trials included in the Bayesian network meta-analysis.

ity distribution, the posterior median
discontinuation rate per 100 patient-
months (hereafter referred to as discon-
tinuation rate per 100 patient-months)
was reported with corresponding 95%
credible interval (Crl). This parameter
for tofacitinib and biologics was based
on the baseline discontinuation rate of
a placebo, which was a common com-
parator for the included studies except
one head-to-head trial. We applied in-
formative prior distribution using the
baseline rate of placebo, which was
defined as a normal distribution with
an average and inverse of variance
of the absolute log-rate for a placebo
(18). Except for the discontinuation
rate, non-informative prior distribu-
tions were used for other parameters.
The probability of the best (P[best]),
which means the probability of being
the lowest discontinuation rate among
six interventions, was calculated for
each treatment. RR for each biologic
relative to tofacitinib with correspond-
ing 95% Crl was also estimated. In this
study, we wanted to confirm whether
the discontinuation rate of biologics
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is lower than that of tofacitinib with a
conservative approach; thus, the prob-
abilities were calculated as the prob-
ability of RR being <1 (P[RR<I1]).
P[RR<1] >90% indicates a lower dis-
continuation rate of a biologic than that
of tofacitinib, 50% indicates a null ef-
fect between a biologic and tofacitinib,
and <10% suggests that a biologic had
a higher discontinuation rate than to-
facitinib did (19).

For identifying the heterogeneity be-
tween trials, we calculated the standard
deviation (SD) between trials. An SD
close to O indicated small heterogene-
ity, whereas SD >1 was assumed to
indicate substantial heterogeneity (19).

Sensitivity analysis

We conducted two sensitivity analyses
on total discontinuation. Sensitivity
analysis 1 was to identify the impact of
clinical data. In the base case analysis,
we assumed the influence of study de-
sign of tofacitinib — all patients in the
placebo group changed treatment to to-
facitinib at 6 months — to be equivalent;
however, we considered the influence
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of that in the sensitivity analysis 1. Ac-
cordingly, NMA was conducted with
studies excluding 3 tofacitinib trials
(11-13). Secondary sensitivity analy-
sis was performed to ascertain robust-
ness of the methodology through set-
ting with different priors for variances
between trials. In the base case, we set
uniform priors on SD between zero to
two. Nonetheless, we used an alterna-
tive approach with vague Gamma prior
on the precision (inverse variance) in
group cDMARDs-IR. For group bio-
logics-IR, we simply changed the SD
range between zero to ten. This is be-
cause the absence of large numbers of
large trials (due to the scarcity of stud-
ies in group biologics-IR) could yield a
poorly identified posterior distribution
of SD when the alternative approach
was used (18).

Results

Systematic review results

The search identified 1,416 potentially
relevant studies. Of these, 235 stud-
ies remained after 1,181 studies were
excluded due to non-compliance with
the inclusion criteria based on a review
of titles and abstracts. After review of
the remaining studies with full manu-
scripts, the systematic review yielded
34 studies for group cDMARDs-IR (11-
13,20-50), and six studies for group bi-
ologics-IR (51-56) (Fig. 1). Most of the
selected studies utilised a combination
with MTX. The average age across tri-
als was 52.2 and 53.8, and the duration
of disease was 8 and 12 years in groups
cDMARDs-IR and biologics-IR, re-
spectively (Table I). The result of qual-
ity assessment is presented in Table II.
Structures for the NMA of total dis-
continuation are shown by group in a
network diagram (Fig. 2). Five studies
(25, 31, 41, 47, 49) and 1 study (31)
did not report discontinuation due to
LOE and AEs in group cDMARDs-IR,
respectively, and 1 study (52) did not
report discontinuation due to LOE in
group biologics-IR.

Total discontinuation

* Group cDMARDs-IR

Thirty-four trials with 11,257 patients
were included, with 107,990 patient-
months of follow-up (Table I). The
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Table I. Baseline characteristics and clinical outcomes of the included studies.

Study Treatment Age  Disease Baseline Concomitant Patients  Follow-up Number of
(years) duration HAQ drug (n) duration discontinuations
(years) score (weeks)

Total LOE AE

¢DMARDs-IR
Tofacitinib
van der Heijde 2013 (11)  Tofacitinib 53.7 8.9 1.4 MTX 321 52 weeks 71 7 36
Placebo 52.7 9.1 1.3 MTX 160 24 weeks 32 4 58
Kremer 2012 (12) Tofacitinib 52.0 9.0 14 MTX 71 24 weeks 15 1 1
Placebo 53.0 9.2 12 MTX 69 24 weeks 15 5 3
Tanaka 2011 (45) Tofacitinib 50.0 8.3 1.2 cDMARDs 27 12 weeks 4 0 4
Placebo 50.6 8.4 1.3 cDMARDs 28 12 weeks 5 1 2
TNFi biologics
Furst 2003 (24) Adalimumab 55.0 9.3 14 cDMARDs 318 24 weeks 28 5 9
Placebo 55.8 11.5 14 cDMARDs 318 24 weeks 30 14 8
Keystone 2004 (29) Adalimumab 56.1 11.0 1.5 MTX 207 52 weeks 48 6 26
Placebo 56.1 109 1.5 MTX 200 52 weeks 60 23 13
Kim 2007 (30) Adalimumab 48.5 6.8 14 MTX 65 18 weeks 6 0 4
Placebo 49.8 6.9 1.3 MTX 63 18 weeks 4 0 4
Choy 2012 (21) Certolizumab 53.0 94 14 MTX 124 24 weeks 28 16 7
Placebo 55.6 99 1.5 MTX 119 24 weeks 56 45 6
Keystone 2008 (27) Certolizumab 514 6.1 1.7 MTX 393 52 weeks 138 83% 17
Placebo 522 6.2 1.7 MTX 199 52 weeks 156 125¢% 3
Smolen 2009 (40) Certolizumab 52.2 6.1 1.6 MTX 246 24 weeks 72 54 11
Placebo 515 5.6 1.6 MTX 127 24 weeks 110 107
Yamamoto 2014 (48) Certolizumab 50.6 5.6 1.7 MTX 82 24 weeks 16 12 3
Placebo 519 58 1.8 MTX 77 24 weeks 52 47 2
Combe 2006 (22) Etanercept 50.6 6.5 1.6 SSZ 101 104 weeks 24 6 10
Placebo 533 5.6 1.6 SSZ 50 104 weeks 34 26 4
Klareskog 2004 (32) Etanercept 52.5 6.8 NR MTX 231 52 weeks 38 6 24
Placebo 53.0 6.8 NR MTX 228 52 weeks 69 21 32
Weinblatt 1999 (46) Etanercept 48.0 13.0 1.5 MTX 59 24 weeks 2 0 2
Placebo 53.0 13.0 1.5 MTX 30 24 weeks 6 4 1
Kay 2008 (26) Golimumab 57.0 8.2 1.7 MTX 35 52 weeks 6 3 2
Placebo 52.0 5.6 1.3 MTX 35 16 weeks 6 3 3
Keystone 2009 (28) Golimumab 52.0 4.5 14 MTX 89 16 weeks 2 0 2
Placebo 52.0 6.5 1.3 MTX 133 16 weeks 6 0 4
Tanaka 2012 (44) Golimumab 504 8.8 1.0 MTX 86 16 weeks 5 1 4
Placebo 51.1 8.7 1.0 MTX 88 16 weeks 4 2 1
Abe 2006 (20) Infliximab 55.2 9.1 NR MTX 49 14 weeks 1 0 1
Placebo 55.1 7.5 NR MTX 47 14 weeks 5 3 1
Kim 2013 (31) Infliximab 493 74 14 MTX 69 30 weeks 12 NR NR
Placebo 514 9.8 14 MTX 69 30 weeks 9 NR NR
Lipsky 2000 (35) Infliximab 54.0 10.0 1.8 MTX 86 54 weeks 23 17 5
Placebo 51.0 11.0 1.7 MTX 88 54 weeks 44 32 7
Maini 1998 (37) Infliximab 58.9 12.1 20 MTX 15 14 weeks 0 0 0
Placebo 48.8 7.6 2.0 MTX 14 14 weeks 8 8 0
Westhovens 2006 (47) Infliximab 530 7.8 15 MTX 360 22 weeks 26 NR 18
Placebo 52.0 84 1.5 MTX 361 22 weeks 23 NR 8
Zhang 2006 (49) Infliximab 479 7.1 NR MTX 87 18 weeks 9 NR 6
Placebo 48.9 8.0 NR MTX 86 18 weeks 15 NR 4
Abatacept
Kremer 2005 (33) Abatacept 55.8 9.7 1.0 MTX 115 52 weeks 25 13 5
Placebo 54.7 8.9 1.0 MTX 119 52 weeks 48 30 11
Kremer 2006 (34) Abatacept 51.5 8.5 1.7 MTX 433 52 weeks 48 13 18
Placebo 50.4 8.9 1.7 MTX 219 52 weeks 57 40 4
Takeuchi 2013 (43) Abatacept 534 74 13 MTX 61 24 weeks 1 0 0
Placebo 534 7.3 1.5 MTX 66 24 weeks 9 3 2
Rituximab
Emery 2010 (23) Rituximab 513 6.6 NR MTX 170 48 weeks 15 0 7
Placebo 522 75 NR MTX 172 24 weeks 13 7 2
Strand 2006 (42) Rituximab 53.5 11.5 1.8 MTX 40 104 weeks 22 4 1
Placebo 53.7 11.0 2.0 MTX 40 104 weeks 34 17 4
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Study Treatment Age  Disease Baseline Concomitant Patients  Follow-up Number of
(years) duration HAQ drug (n) duration discontinuations
(years) score (weeks)
Total LOE AE
Tocilizumab
Fleischmann 2013 (50) Tocilizumab 534 93 15 MTX 399 52 weeks 883 2 33
Placebo 513 9.0 1.5 MTX 392 52 weeks 66 12 11
Genovese 2008 (25) Tocilizumab 530 9.8 1.5 cDMARDs 805 16 weeks 53 NR 32
Placebo 54.0 9.8 1.5 cDMARDs 415 16 weeks 43 NR 8
Maini 2006 (36) Tocilizumab 50.1 10.6 NR MTX 50 16 weeks 7 1 6
Placebo 50.9 11.2 NR MTX 49 16 weeks 9 6 4
Smolen 2008 (41) Tocilizumab 50.8 7.5 1.6 MTX 205 24 weeks 14 NR 12
Placebo 50.6 7.8 1.5 MTX 204 24 weeks 15 NR 6%
Tofacitnib & TNFi biologics
van Vollenhoven 2012 (13) Tofacitinib 530 7.6 1.5 MTX 204 52 weeks 54 6 24
Adalimumab 525 8.1 1.5 MTX 204 52 weeks 42 6 22
Placebo 55.5 6.9 1.5 MTX 108 24 weeks 22 6 3%
TNFi biologics & abatacept
Schiff 2008 (38) Infliximab 49.1 7.3 1.7 MTX 165 52 weeks 24 6 12
Abatacept 490 79 1.8 MTX 156 52 weeks 17 4 5
Placebo 494 8.4 1.8 MTX 110 24 weeks 3 1 1
Schiff 2014 (39) Adalimumab 51.0 1.7 1.5 MTX 328 104 weeks 33 16 30
Abatacept 514 1.9 1.5 MTX 318 104 weeks 66 19 11
Number of included patients in analysis by discontinuation reason (n) 11,257 8,596 11,119
Total patients-months by discontinuation reason 107,990 86,225 101,091
Biologics-IR
Tofacitinib
Burmester 2013 (51) Tofacitinib 554 13.0 1.6 MTX 133 24 weeks 26 2 12
Placebo 544 11.3 1.6 MTX 132 12 weeks 6 2 2
TNFi biologics
Smolen 2009 (56) Golimumab 550 9.6 1.6 cDMARDs 152 24 weeks 12 6 4
Placebo 54.0 9.8 1.8 cDMARDs 155 24 weeks 31 11 10
Abatacept
Genovese 2005 (54) Abatacept 534 12.2 1.8 cDMARDs 258 24 weeks 35 14 9
Placebo 52.7 114 1.8 cDMARDs 133 24 weeks 34 27 5
Rituximab
Cohen 2006 (52) Rituximab 522 12.1 1.9 MTX 309 24 weeks 55 NR 8
Placebo 52.8 11.7 1.9 MTX 208 24 weeks 96 NR 2
Mease 2010 (55) Rituximab 54 12.0 1.5 MTX 318 48 weeks 27 159 7
Placebo 54 11.0 1.5 MTX 157 48 weeks 23 169 7
Tocilizumab
Emery 2008 (53) Tocilizumab 539 12.6 1.7 MTX 175 24 weeks 23 4 11
Placebo 534 114 1.7 MTX 159 24 weeks 33 19 10
Number of included patients in analysis by discontinuation reason (n) 2289 1,772 2,289
Total patient-months by discontinuation reason 14861 12,013 14,861

HAQ: Health Assessment Questionnaire; LOE: lack of efficacy; AE: adverse event; cDMARDSs: conventional synthetic disease-modifying anti-rheumatic
drugs; IR: inadequate responses; MTX: methotrexate; TNF: tumour necrosis factor; SSZ: sulfasalazine; NR: not reported.
IDiscontinuation due to a physician and patients’ decision. The follow-up period is different (the following values were applied in this order: 12, 16, 16,

104, 16 and 12 weeks).

total discontinuation rate was the high-
est for placebo (2.75 events per 100
patient-months; 95% Crl 0.68-11.12)
and lowest for abatacept (1.24 events
per 100 patient-months; 95% Crl 0.29—
5.24) with the highest probability of
the best: 65.5% (Table III).

The estimated RR relative to tofacitinib
was 0.71 for abatacept (95% Crl 0.40-

Clinical and Experimental Rheumatology 2017

1.26; P[RR<1] 88.7%). Although the
result was not significant due to a lower
P[RR<1] than 90%, the result marginal-
ly suggested that abatacept had a lower
total discontinuation rate than tofacitin-
ib did. The RR for rituximab was 0.99
(95% Crl 0.45-2.16) and the P[RR<1]
marginally showed a null effect with to-
facitinib: 51.6% of P[RR < 1].

* Group biologics-IR

Six randomised trials with 2,289 pa-
tients were included, with 14,861 pa-
tient-months of follow-up (Table I).
The total discontinuation rate was the
lowest for TNFi biologics (1.03 events
per 100 patient-months; 95% Crl 0.10-
10.35) with the highest P[best]: 42.9%
(Table III).
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The estimated RRs relative to tofacitin-
ib were <1.0 for biologics. Especially,

Comparative discontinuation rate in RA treatments / S.-K. Park et al

Table II. Quality assessment of included studies.

Lo . i Study Sequence Allocation  Blinding Incomplete Selective Other bias
TNFi blologlcs (RRO.17;95% Cr [ Q'Ol_ generation  Concealment Outcome Outcome
3.61; P[RR<1] 92.0%) and rituximab Data  Reporting
(RR 0.20;95% Cr1 0.01-2.91; P[RR<1]
92.3%) showed significantly lower total ¢DMARDs-IR
di ti fi t th tofacitinib Tofacitinib
%SCOH tnuation rates an ofacitini van der Heijde 2013 (11)  Unclear Yes Yes Yes Yes Unclear
did, based on the probability (RR <1)  Kremer 2012 (12) Unclear Unclear Yes Yes Yes Unclear
values higher than threshold (90%). Tanaka 2011 (45) Unclear Unclear Yes Yes Yes Yes
Discontinuation due to LOE ZIC\IIFI_'G l”hli"om
alimuma
* Gr oup CP MARD S'IR . . Furst 2003 (24) Unclear Yes Yes Yes Yes Yes
Twenty-nine randomised trials with  Keystone 2004 (29) Unclear Unclear Yes Yes Yes Yes
8,596 patients were included, with Kim 2007 (30) Unclear Unclear Yes Yes Yes Yes
86,225 patient-months of follow-up  Certolizumab
(Table I). The median discontinuation Choy 2012 (21) Unclear Unclear Yes Yes Yes Yes
R A Keystone 2008 (27) Unclear Unclear Yes Yes Yes Yes
rate was the lowest for rituximab (0.19 Smolen 2009 (40) Unclear Unclear Yes Yes Yes Yes
events per 100 patient-months; 95%  Yamamoto 2014 (48) Yes Yes Yes Yes Yes Yes
Crl 0.02-1.73; P[best] 55.6%) (Table  Etanercept
IIT). Tocilizumab showed the second  Combe 2006 (22) Yes Yes Yes Yes Yes Yes
highest value of Plbest] (023 events WA ECELE (e e Ye Ye ve
per 100 patient-months; 95% CrI 0.02- Goli b
olimuma
2.27; Plbest] 38'9%'). a}nd the .Other Kay 2008 (26) Unclear Unclear Yes Yes Yes Yes
treatments — tofacitinib, TNFi and  Keystone 2009 (28) Yes Yes Yes Unclear Yes Yes
abatacept — had similar median discon- ~ Tanaka 2012 (44) Unclear Unclear Yes Yes Yes Yes
tinuation rates. Infliximab
The estimated RRs relative to tofaci- Ape 2006 (20) Unclear Unclear Yes Yes Yes Yes
L. . R . Kim 2013 (31) Unclear Unclear Yes Yes Yes Yes
tinib were <1.0 for rituximab (RR 0.43; Lipsky 2000 (35) Yes Yes Yes Yes Yes Yes
95% Crl 0.09-1.66; P[RR<1] 88.5%)  Maini 1998 (37) Yes Yes Unclear Yes Yes Yes
and tocilizumab (RR 0.53; 95% Crl  Westhovens 2006 (47) Unclear Unclear Yes Yes Yes Yes
0.09-2.33; P[RR<1] 79.8%), nonethe- Zhang 2006 (49) Unclear Unclear Yes Unclear Yes Yes
less, no significant differences in dis- Q?fogf%o s @3 Yes Yes Yes Yes Yes Yes
continuation rates due to LOE were Kremer 2006 (34) Yes Unclear Yes Yes Yes Yes
identified between biologics and to-  Takeuchi 2013 (43) Unclear Unclear Yes Yes Yes Yes
facitinib according to the P[RR<1] of  Rituximab
<90%. Moreover, TNFi biologics (RR Emery 2010 (23) Unclear Unclear Yes Yes Yes Yes
1.00: 95% Crl 0.45-2.28: P[RR<1] Strand 2006 (42) Unclear Unclear Yes Yes Yes Yes
} ' . ’ Tocilizumab
50.3%) and aba'tacep t (RR 1.01; 95% Fleischmann 2013 (50) Unclear Unclear Yes Yes Yes Yes
Crl  0.40-2.62; P[RR<.1] 49 '4%) Genovese 2008 (25) Unclear Unclear Yes Yes Yes Yes
showed a null effect relative to tofaci-  Maini 2006 (36) Unclear Yes Yes Yes Yes Yes
tinib: P[RR<1] of ~50%. Smolen 2008 (41) Yes Unclear Yes Yes Yes Yes
Tofacitnib & TNF-a inhibitors
e Group biologics-IR van Vollenhoven 2012 (13) Unclear Yes Yes Yes Yes Unclear
Five randomised trials with 1,772 gﬁﬁ? ;’(’)’gglgg; ¢ Ahamcep{Jnclear Unclear Yes Yes Yes Yes
. . . i
pat%ents were included, with 12,013 Schiff 2014 (39) Unclear Unclear No Yes Yes Yes
patient-months of follow-up (Table I).
The discontinuation rate due to LOE  Biologics-IR
was the lowest for tocilizumab (0.25  Tofacitinib
events per 100 patient-months; 95% Crl Bernerster 2013 (51) Yes Yes Yes Yes Yes Yes
0.01-4.63; P[best] 42.2%) (Table II1). ~ [NF-a inhibitors
. . L Smolen 2009 (56) Yes Yes Yes Yes Yes Unclear
The estimated RRs relative to tofacitin- Abatacent
. . . . atacep
ll? Wer? <1.0 for blOl(.)gICS except TNFi Genovese 2005 (54) Yes Yes Yes Yes Yes Unclear
biologics. On the basis of the P[RR<1], Ritwxi
o . . . ituximab
no significant differences in discon-  Cohen 2006 (52) Unclear Unclear Yes Yes Yes  Unclear
tinuation rates due to LOE were identi- Mease 2010 (55) Unclear Unclear Yes Yes Yes Unclear
fied between biologics and tofacitinib.  Tocilizumab
Emery 2008 (53) Unclear Unclear Yes Yes Yes Unclear

Moreover, TNFi biologics (RR 1.06;
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95% Crl 0.02-70.33; P[RR<1] 48.7%)
and rituximab (RR 0.92; 95% Crl
0.01-61.86; P[RR<1] 51.8%) showed
an approximate null effect relative to
tofacitinib: P[RR<1] of ~50%.

Discontinuation due to AEs

* Group cDMARDs-IR

Thirty-three randomised trials with
11,119 patients were included, with
101,091 patient-months of follow-up
(Table I). All results, except those on
abatacept and rituximab, for the me-
dian discontinuation rate were higher
than those for a placebo. The median
discontinuation rate was the lowest for
abatacept (0.47 events per 100 patient-
months; 95% Crl 0.10-2.17; P[best]
54.9%) (Table III).

The estimated RRs relative to tofaci-
tinib were <1.0 for abatacept (RR 0.61;
95% Crl 0.27-1.43; P[RR<1] 88.0%)
and rituximab (RR 0.75; 95% Crl 0.19—
3.03; P[RR<1] 66.2%) with P[RR<1]s
lower than threshold. Contrast to that,
the 8% of P[RR<1] was suggestive of a
significantly higher rate of discontinu-
ation due to AEs for tocilizumab com-
pared to tofacitinib.

* Group biologics-IR

Six randomised trials with 2,289 pa-
tients were included, with 14,861
patient-months of follow-up (Table I).
The discontinuation rate due to AEs
was the lowest for TNFi biologics (0.28
events per 100 patient-months; 95% Crl
0.02-4.88; P[best] 53.0%), followed
by abatacept, tocilizumab, a placebo,
rituximab and tofacitinib (Table III).
The estimated RRs of biologics rela-
tive to tofacitinib were <1.0. Although
the results of RR were not significant
on the basis of the P[RR <1], the results
of TNFi biologics could suggest a mar-
ginally lower discontinuation rate than
tofacitinib did: P[RR<1] of ~90%.

Sensitivity analyses

In sensitivity analysis 1, tofacitinib
showed the highest probability of
yielding the lowest discontinuation rate
(52.1%) in group cDMARDs-IR (Ta-
ble IV). Overall, the tendency of RR
changed to >1.0, which means that the
discontinuation rate for biologics were
higher than those of tofacitinib in con-
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trast to the base case. In group biolog-
ics-IR, sensitivity analysis was not con-
ducted due to the absence of tofacitinib
trial that meets the including criteria.
In sensitivity analysis 2, the result of
sensitivity analysis was consistent with
the results on the base case in group cD-
MARDs-IR, nonetheless, the P[RR<1]
was lower than in the base case in group
biologics-IR (Table IV).

Discussion

We found that tofacitinib is compara-
ble to biologics for RA patients with
cDMARDs-IR. The sensitivity analyses
clinically and statistically confirmed ro-
bustness of the finding. In the biolog-
ics-IR group, the respective results on
discontinuation due to LOE and AEs
suggested that tofacitinib yields a dis-
continuation rate comparable to that of
biologics. Nonetheless, the total dis-
continuation rate for tofacitinib was
significantly higher than for biolog-
ics. This result may be caused by the
higher proportion of reasons other than
LOE or AEs for tofacitinib relative to a
placebo in the trial of tofacitinib (51).
26 patients treated with tofacitinib dis-
continued at 6 months, and a half of
the patients discontinued treatment for
reasons other than AEs or LOE (12 for
AEs, 2 for LOE, 9 were no longer will-
ing to continue the treatment, 1 was
lost to follow-up, and 2 for other rea-
sons). In the placebo group, however,
2 patients discontinued for other rea-
sons among the total of 6 discontinuing
patients at 3 months (2 for AEs, 2 for
LOE, and 2 for other reasons).

There are studies that are consistent
with the present study on patients with
cDMARDs-IR. One is a meta-analysis
with biologics and synthesised odds ra-
tios (ORs) of discontinuation by reason
(57). The results on OR for abatacept
due to AEs were under 1.0 relative to
each TNFi biologic with the exception
of etanercept. This result is consistent
with the present study: the discontinu-
ation rate due to AEs for abatacept was
lower than that for TNFi biologics.
Additionally, two meta-analyses sug-
gested that tofacitinib is comparable
to biologics according to OR of ACR
response criteria and the risk ratio of
serious infections (14, 58), just as we
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(@)

'TNFi biologics
+cDMARDs

Tofacitinib

Rituximab
+cDMARDs

Tofacitinib Abatacept

+cDMARDs

Rituximab
+cDMARDs

Fig. 2. A network diagram of evidence for total
discontinuation in the cDMARDs-IR group (a)
and in the biologics-IR group (b).

TNFi: tumour necrosis factor inhibitor; cD-
MARD:s: conventional synthetic disease-modi-
fying anti-rheumatic drugs.

estimated a comparable discontinua-
tion rate due to LOE and AEs, respec-
tively. There is a study that compared
abatacept, rituximab, tocilizumab, and
tofacitinib used for patients with bio-
logics-IR by Lee et al. (59). This anal-
ysis uncovered a tendency (in ORs of
ACR 20 responses between treatments)
and that is similar to the present study’s
results on RR for discontinuation due
to LOE. On the other hand, ORs of
discontinuation due to AEs between
treatments were different from those
in our analyses. This apparent discrep-
ancy may be the result of different time
points (Lee et al. extracted data of tofa-
cinib 5mg during months 3-6) of data
extraction and analytical techniques (a
fixed vs. random approach).

According to the results from registries
— one for identifying discontinuation
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of MTX in the UK and the other for
comparing patients’ characteristics and
outcomes between the US and Europe
— 34% of patients who have received
MTX and 11-25% of patients treated
with TNFi biologics (adalimumab,
etanercept, or infliximab) have discon-
tinued each treatment (60, 61). This
result could be interpreted as follows:
there are unmet needs in terms of the
evidence for the relative comparison
between treatments for patients with
IR to a previous treatment. Our study
can help rheumatologists or patients
to decide on the treatment strategy in
clinical practice by providing evidenc-
es of comparative discontinuation rate
— a meaningful parameter involving the
comprehensive meaning of efficacy and
safety — of biologics and tofacitinib.
Also, the result of study could suggests
that previous treatments and discon-
tinuation reasons need to be considered
when determining the treatment strate-
gy; because the comparability between
tofacitinib and biologics differs by a
history of failure of a previous treat-
ment and discontinuation reason; LOE,
AEs, and total (due to other reasons).

The results of present Bayesian NMA
should be interpreted with caution con-
sidering some limitations. First, the
comparability would be influenced by
the value of threshold. For instance, the
result of abatacept in cDMARDs-IR
group, which showed non-significant
RR (0.71) due to 88.7% of P[RR<1],
could be differently interpreted; abata-
cept had a significantly lower total
discontinuation rate than that of tofaci-
tinib, if the lower threshold (e.g. 85%)
was applied. Although, the value of
threshold was based on the previous
studies (19, 62), the interpretation for
the results showing the marginal value
of P[RR<1] should be done with cau-
tion. The other limitations are associ-
ated with heterogeneity. Heterogeneity
among the included trials could intro-
duce a bias into the results of NMA.
Therefore, we included trials with a
combination therapy and synthesised
outcomes considering a previous treat-
ment and various follow-up periods in
accordance with the recommendation
(10). Nonetheless, there are some risk
factors related to heterogeneity. In this
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Table III. Results of Bayesian network meta-analyses of discontinuation rates.

Drug Total Lack of efficacy Adverse event
cDMARDs-IR

Rate”  95% Crl P Rate™  95% Crl P Rate” 95% Crl P

[best] [best] [best]

PBO 275 0.68-11.12 00% 1.62 024-10.58 0.0% 0.67 0.16-2.77 2.6%
TOF 1.73  040-7.44 6.6% 045 0.06-3.45 37% 0.76 0.16-3.67 6.3%
TNFi 148  0.36-6.03 94% 045 0.07-2.98 05% 0.89 0.20-3.86 0%
ABT 124 029-524 655% 045 0.06-3.13 1.3% 047 0.10-2.17  549%
RTX 1.71 0.36-795 159% 0.19 0.02-1.73  55.6% 0.57 0.09-3.74  36.1%
TCZ 193 044-8.34 26% 023 0.02-227 389% 1.39 0.29-6.51 0.1%

RR# 95% Crl P RR# 95% Crl P RR# 95% Crl P

[RR<1] [RR<1] [RR<1]

TNFi 085 054-135 763% 1.00 045-228 503% 1.17 0.62-228  30.7%
ABT 0.71 040-126 88.7% 1.01 040-2.62 494% 0.61 027-143  88.0%
RTX 099 045-2.16 51.6% 043 0.09-1.66 88.5% 0.75 0.19-3.03  66.2%
TCZ 1.12 0.61-208 354% 0.53 0.09-233 79.8% 1.83 0.78-4.33 7.9%
SD 0.31 0.28 0.31
Biologics-IR

Rate”  95% Crl P Rate’ 95% Crl P Rate’ 95% Crl P

[best] [best] [best]

PBO 2.69 1.02-7.15 02% 1.39 0.38-5.06 0.1% 0.73 0.33-1.64 2.1%
TOF 6.19 0.59-6657 18% 070 0.02-2328 160% 2.77 0.14-71.53 3.4%
TNFi 1.03 0.10-10.35 429% 074 0.04-1354 9.1% 0.28 0.02-488 53.0%
ABT 143 0.15-1391 192% 0.36 0.02-6.14 23.1% 070 0.04-12.65 17.1%
RTX 124 023-702 224% 065 004-11.04 95% 0.78 0.10-7.35 9.5%
TCZ 1.69 0.18-1635 13.7% 0.25 0.01-4.63 422% 072 0.05-11.74 149%

RR? 95% Crl P RR? 95% Crl P RR? 95% Crl P

[RR<1] [RR<1] [RR<1]

TNFi 0.17 001-361 920% 106 0.02-70.33 48.7% 0.10 0.00-537  89.6%
ABT 023 0.01-479 893% 053 0.01-3398 650% 025 0.00-13.88 78.8%
RTX 020 001291 923% 092 0.01-61.86 51.8% 028 0.01-10.04 79.0%
TCZ 027 001-573 874% 035 0.00-2420 71.7% 026 0.00-13.27 79.0%
SD 0.75 1.00 1.06

cDMARDs: conventional synthetic disease-modifying anti-rheumatic drugs; IR: inadequate re-
sponses; Crl: credible interval; P [best]: probability of the best; PBO: placebo; TOF: tofacitinib; TNFi:
tumour necrosis factor a inhibitors; ABT: abatacept; RTX: rituximab; TCZ: tocilizumab; RR: rate ratio;
P [RR<1]: probability of RR under 1; SD: standard deviation.

"Median discontinuation rate (events per 100 patient-months). *Rate ratio for each biologic relative to

tofacitinib.

study, we included only evidence from
RCTs, but RCTs were conducted un-
der controlled conditions. Discontinu-
ation could occur for a greater variety
of reasons in clinical practice, and the
results extracted from registries with a
large population or open-label studies
may be more appropriate. However,
combining various study designs could
raise uncertainty of analysis, and data
for analysing the discontinuation of
tofacitinib might be insufficient due to
short period of tofacitinib use. Addi-
tionally, we included trials involving a
combination therapy with cDMARDs,
but we did not set a limit on the type of

concomitant treatments or dosing. This
approach may have had an influence
on the observed effect of a placebo and
treatments, as in the present analysis.

There are additional limitations for
biologics-IR group. In the biologics-IR
group, the results on SD — which was
interpreted as heterogeneity between
RCTs — showed substantial heteroge-
neity with SD >1.0 for discontinua-
tion due to LOE and AEs, contrast to
cDMARDs-IR group. Heterogeneity
could be induced by the following fac-
tors. Despite the comprehensive nature
of systematic review, only one RCT
was included for each treatment except
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Table IV. Results of sensitivity analyses of the total discontinuation.

Drug Sensitivity analysis 1 Sensitivity analysis 2
¢DMARDs-IR
Rate’ 95% Crl P Rate’ 95% Crl P
[best] [best]
PBO 2.75 0.68-11.25 0.0% 2.77 0.68-11.31 0.0%
TOF 1.11 0.13-8.81 52.1% 1.73 0.40-7.50 6.1%
TNFi 1.50 0.36-6.21 4.4% 1.48 0.36-6.11 9.0%
ABT 1.23 0.29-5.31 32.5% 1.24 0.29-5.31 67.4%
RTX 1.70 0.36-8.21 9.4% 1.71 0.37-7.89 152%
TCZ 1.95 0.44-8.59 1.7% 1.93 0.45-8.35 2.3%
RR? 95% Crl P RR# 95% Crl P
[RR<1] [RR<1]
TNFi 1.35 0.29-7.00 35.2% 0.85 0.56-1.32 77.8%
ABT 1.11 0.22-6.02 44.9% 0.72 041-1.23 89.5%
RTX 1.55 0.28-9.23 30.5% 0.98 0.47-2.05 51.8%
TCZ 1.76 0.35-9.68 24.3% 1.11 0.63-2.01 352%
SD 0.36 0.28
Biologics-IR
Rate’ 95% Crl P Rate’ 95% Crl P
[best] [best]
PBO Not available 2.69 1.02-7.12 0.9%
TOF 6.10 0.00-22600.0 6.6%
TNFi 1.03 0.03-3316.00 353%
ABT 143 0.04-5456.00 20.4%
RTX 1.24 0.00-427.70 20.3%
TCZ 1.70 0.05-6813.00 16.5%
RR* 95% Crl P RR# 95% Crl P
[RR<1] [RR<1]
TNFi Not available 0.17 0.00-15250.0 79.5%
ABT 0.24 0.00-24410.0 77.0%
RTX 0.20 0.00-4716.0 79.8%
TCZ 0.28 0.00-32120.0 75.4%
SD - 2.50

cDMARD:s: conventional synthetic disease-modifying anti-rheumatic drugs; IR: inadequate respons-
es; Crl, credible interval; P [best]: probability of the best; PBO: placebo; TOF: tofacitinib; TNFi:
tumour necrosis factor a inhibitors; ABT, abatacept; RTX, rituximab; TCZ, tocilizumab; RR, rate ratio;
P [RR<1]: probability of RR under 1; SD: standard deviation.

"Median discontinuation rate (events per 100 patient-months). Rate ratio for each biologic relative to

tofacitinib.

rituximab (52, 55) Even the RCT of
golimumab represented the efficacy of
TNFi biologics. Furthermore, different
baseline characteristics such as shorter
duration of disease for TNFi biologics
than for other treatments may introduce
the bias. In addition, the treatment ef-
fect may be influenced by the type and
number of previously used biologics,
but we did not consider these data. Ac-
cording to the clinical guidelines (5, 6),
tofacitinib is indicated ideally after a
failure of two biologics; therefore, the
number and type of previous biologics
could be a point to consider. The rela-
tive discontinuation rate of tofacitinib

Clinical and Experimental Rheumatology 2017

and biologics in this group still needs
to be determined to obtain more reli-
able evidence for decision making dur-
ing RA treatment. More research — such
as head-to-head trials and studies taking
into account the influence of the num-
ber and type of previously used biolog-
ics — needs to be conducted.
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