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Abstract

Objective: To evaluate the comparative efficacy and safety of Janus kinase (JAK] inhibitors
and biological disease-modifying antirheumatic drugs (bDMARDs] in patients with rheumatoid
arthritis (RA) and an inadequate response to at least one disease-modifying antirheumatic
drug (DMARD).

Methods: PubMed, Embase, Cochrane library and ClinicalTrials.gov were searched for
relevant randomized controlled trials (RCTs) from inception to April 2020. The active drugs
included three JAK inhibitors and eight bDMARDs while the control drugs included placebo or
conventional synthetic disease-modifying antirheumatic drugs (csDMARDs). Outcomes include
American College of Rheumatology 20% response (ACR20), Disease Activity Score in 28 joints
(DAS28), Health Assessment Questionnaire-Disability Index (HAQ-DI) and discontinuations
for adverse events (AEs). We estimated summary odds ratios (ORs) and weighted mean
differences (WMDs) using network meta-analysis with random effects.

Results: Eighty-eight RCTs with 31,566 patients were included. All JAK inhibitors and
bDMARDs were more effective than placebo in ACR20 (ORs ranging between 3.05 and 5.61),
DAS28 (WMDs ranging between -1.91 and -0.80) and HAQ-DI (WMDs ranging between

-0.34 and -0.21). Tocilizumab, certolizumab pegol and upadacitinib showed relatively

good efficacy in these three outcomes according to their relative ranking. Notably,
tocilizumab was more effective than other active drugs in DAS28 (WMDs ranging between
-1.11 and -0.49). Compared with the lower recommended doses, increasing the doses of JAK
inhibitors (baricitinib 4 mg versus 2 mg, tofacitinib 10 mg versus 5 mg and upadacitinib 30mg
versus 15 mg) cannot provide significant additional benefits. In terms of discontinuations

for AEs, all active drugs showed no significant difference compared with placebo except
certolizumab pegol [OR 1.65, 95% credible interval (Crl) 1.06-2.61] and rituximab (3.17,
1.11-10.80].

Conclusions: Tocilizumab, certolizumab pegol and upadacitinib may have relatively good
efficacy in patients with RA after treatment failure with csDMARDs. RA patients taking a JAK
inhibitor may have a preference for a lower recommended dose.
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Introduction

Rheumatoid arthritis (RA) is a systemic autoim-
mune disease characterized by damage to carti-
lage and bone. Early diagnosis and treatment are
key to a good prognosis, especially in patients
with high disease activity.!

Current guidelines recommend methotrexate
(MTZX) as the first treatment strategy for RA. For
patients who cannot tolerate MTX, other con-
ventional synthetic disease-modifying antirheu-
matic drugs (csDMARDSs) such as leflunomide
and sulfasalazine can be considered as part of the
treatment strategy.2> Janus kinase (JAK) inhibi-
tors and biological disease-modifying antirheu-
matic drugs (b(DMARDS) are currently considered
as second-line treatments in RA. For patients
with active RA after treatment failure with csD-
MARDs, the current recommended treatment
strategy is to increase the use of a JAK inhibitor or
bDMARD.2:3

In recent years, many randomized controlled tri-
als (RCT's) have demonstrated significant efficacy
of JAK inhibitors including baricitinib,**° tofaci-
tinib7-8 and upadacitinib®1? in RA. In addition,
some studies have shown that baricitinib 4mg
once daily and upadacitinib 15mg once daily
seem to be associated with significant clinical
improvement compared with adalimumab in
patients with RA after treatment failure with
MTZX.1112 These results are exciting but it is not
clear whether baricitinib or upadacitinib is supe-
rior to other bDMARDs.

There are many types of JAK inhibitors and
bDMARDs for the treatment of RA. However,
there are still about 20-30% of patients with RA
who are refractory to multiple disease-modify-
ing antirheumatic drugs (DMARDs).2:13 The
current guidelines do not indicate which active
drug is more suitable for patients with RA after
treatment failure with csDMARDs,23 and clini-
cians need more evidence to make the best
choice for each patient, especially those with RA
who have failed multiple DMARDs. Network
meta-analysis can combine direct and indirect
comparisons to evaluate the relative efficacy of
multiple interventions.!# Therefore, we con-
ducted this network meta-analysis to investigate
the comparative efficacy and safety of JAK
inhibitors and bDMARDs in patients with
active RA and an inadequate response (IR) to at
least one DMARD.

Methods
This study is registered with PROSPERO (num-
ber CRD42020160485) and INPLASY (number
INPLASY202030017, doi: 10.37766/inplasy2020.
3.0017).

Data sources and searches

We searched PubMed, Embase and Cochrane
Central Register of Controlled Trials from incep-
tion to April 2020. The full PubMed search strat-
egy is shown in Supplemental Appendix 1.
Conference abstracts and ClinicalTrials.gov were
also reviewed for possible unpublished trials. In
addition, we searched references to the retrieved
articles and contacted the drug manufacturers for
further relevant publications.

Interventions

The active drugs we studied were three JAK
inhibitors including baricitinib, tofacitinib, upa-
dacitinib and eight bDMARDSs including adali-
mumab, etanercept, infliximab, golimumab,
certolizumab pegol, tocilizumab, rituximab and
abatacept. Control drugs included placebo or
c¢sDMARDs. We did not include filgotinib
because this latest JAK inhibitor has recently been
approved in some countries and is not yet widely
used globally.!> We investigated the efficacy and
safety of different doses of JAK inhibitors (i.e.
baricitinib 2mg and 4mg once daily, tofacitinib
5mg and 10mg twice daily, upadacitinib 15mg
and 30 mg once daily). For bDMARDSs, we chose
the current recommended doses (Supplemental
Appendix 2). If the recommended dose of an
active drug was not mentioned in an article, the
dose closest to the recommended dose was
selected on the premise of not exceeding the rec-
ommended dose.

Study selection

Studies meeting the following criteria were con-
sidered for inclusion: (1) Studies must be RCTs
comparing the active drugs to the control drugs or
another active drug for the treatment of RA. (2)
The patients were adults diagnosed with RA16:17
and did not respond adequately to at least one
DMARD. (3) The studies reported at least one
outcome of interest including American College
of Rheumatology 20% response (ACR20),
Disease Activity Score in 28 joints (DAS28),
Health Assessment Questionnaire—Disability
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Index (HAQ-DI) and discontinuations for adverse
events (AEs). (4) Patients were allowed to use
background therapy including at least one csD-
MARD. (5) Patients did not respond adequately
to their background therapy. (6) No language
restrictions were applied.

Our exclusion criteria included: (1) Studies inves-
tigated the efficacy and safety of active drug mon-
otherapy without background therapy. (2) Studies
focused on the efficacy and safety of bDMARDs
in maintenance therapy. (3) Studies did not spec-
ify which bDMARD [i.e. tumor necrosis factor
(TNF) inhibitors or non-TNF biologicals].

According to the current guidelines,?3 the treat-
ment strategies are different for csDMARD-naive
patients and csDMARD-IR patients, and the rec-
ommended treatment strategy is a JAK inhibitor
or bDMARD in combination with a csDMARD
for ¢sDMARD-IR patients. Moreover, some
studies have also shown that combination therapy
appears to be more effective than monother-
apy,18-20 and the inclusion of monotherapy in our
analysis may increase the risk of bias. Therefore,
we excluded trials that focused on csDMARD-
naive patients or active drug monotherapy, which
increased the transitivity of our network meta-
analysis and reduced the risk of bias. In addition,
we excluded studies that focused on maintenance
therapy because these patients had already
received the first phase of treatment,?! while
patients who failed the treatment may have
dropped out of the study earlier.

Outcomes

Our efficacy outcomes included ACR20,22
DAS28 and HAQ-DI, while the safety outcome
was discontinuations for AEs. ACR20 and dis-
continuations for AEs were dichotomous out-
comes, while DAS28 and HAQ-DI were
continuous outcomes. We used ACR20 to assess
treatment response because it reflects overall
patient improvement and is generally used as the
primary outcome measure in studies.!l;12
Treatment of RA should aim for sustained remis-
sion or low disease activity,>3 so we investigated
the improvement of these active drugs in DAS28.
DAS28 is a measure of disease activity based on
high-sensitivity C-reactive protein (DAS28-CRP)
or erythrocyte sedimentation rate (DAS28-ESR).
Total scores range from 0 to 9.4 and higher scores
indicated more disease activity. We preferentially
selected the data of DAS28-CRP when a study

reported both DAS28-CRP and DAS28-ESR.
Physical function is another important outcome
of RA, so we used HAQ-DI to evaluate the
improvement in function. HAQ-DI is a scale
ranging from 0 to 3, with higher scores indicating
greater disability. The discontinuation rate due to
AEs is generally considered to be a reliable out-
come for evaluating the safety of long-term treat-
ment,23:24 so we used it to assess the safety of the
drugs. To reduce the risk of bias, we selected the
time point of follow-up closest to 12weeks to
assess efficacy and safety.

Data extraction and quality assessment

Four authors assessed all trials for eligibility and
extracted the data independently. Differences of
opinion were settled through discussion. We
extracted information including first author, year
of publication, interventions, background ther-
apy, subjects, sample size, mean age, outcomes of
interest and duration of follow-up. We selected
the report with more complete data for duplicate
studies. For outcomes that were not reported in
detail, we further searched ClinicalTrials.gov for
more complete data.

We assessed the quality of the included articles
according to the Cochrane Handbook for
Systematic Reviews of Interventions. Studies
were considered as having a low risk of bias if two
or fewer were rated as unclear risk and no high
risk. Studies were considered as having a high risk
of bias if two or more were rated as high risk.
Other conditions were considered as having mod-
erate risk of bias.

Data synthesis and analysis

Our network meta-analysis was based on a
Bayesian framework using a random effects
model.?5 We estimated summary odds ratios
(ORs) with 95% credible interval (CrI) for
dichotomous outcomes and weighted mean dif-
ferences (WMDs) with 95% CrI for continuous
outcomes using network meta-analysis. We used
Markov chain Monte Carlo (MCMC) algorithms
to fit the model and used non-informative priors.
The primary results were conducted using the
gemtc package in R 3.6.1, which recalls JAGS in
R for MCMC sampling.2%27 Each result was
obtained by 50,000 sample iterations with
20,000 burn-in iterations on four parallel chains.
Gelman—Rubin diagnostic and trace plots were
used to ensure convergence of the results.26
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Figure 1. Flow diagram according to PRISMA guidelines.
PRISMA, Preferred Reporting Items for Systematic Review and Meta-Analysis. RCT, randomized controlled trial.

The computer code for the gemtc package can
be found in Supplemental Appendix 3. The sur-
face under the cumulative ranking curve
(SUCRA) was used to rank the interventions for
each outcome. A treatment is certain to be the
best when the SUCRA is 1 and the worst when
the SUCRA is 0.28 The design-by-treatment
test, loop-specific approach and node-splitting
method were used to assess the consistency of the
network meta-analysis.2%30 We used I%-statistic
and 12 to assess heterogeneity.?”-31 Comparison-
adjusted funnel plots were used to detect poten-
tial publication bias.32 Evaluation of inconsistency
and comparison-adjusted funnel plots were done
using Stata 14.0.26:27

To explore the efficacy of these active drugs in
c¢sDMARD-IR and bDMARD-IR patients, we did
a subgroup analysis by subjects. In the subgroup
analysis of bDMARD-IR patients, the random

effects model was too conservative to detect subtle
actual differences in the case of few included
studies,?? so we switched to a fixed effects model.
To evaluate the robustness of our primary results,
we did four sensitivity analyses by excluding trials
with follow-up =52weeks, trials with sample size
<50, open-label trials or unpublished trials.

Results

Study selection and characteristics of included
studies

We identified 7456 records after duplicates were
removed. Finally, 88 trials were included in the anal-
ysis (Figure 1). The references to the included trials
as well as the PRISMA checklist can be found in the
Supplemental Material. Figure 2 shows the evidence
network of eligible comparisons for ACR20, and the
others are shown in Supplemental Appendix 5.
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Figure 2. Network meta-analysis of eligible
comparisons for ACR20.

Each circle represents a drug. The connected circles
represent the two drugs that have been compared in studies.
The width of the lines is proportional to the number of trials.
The size of each circle is proportional to the number of
randomly assigned patients.

ACR20, American College of Rheumatology 20% response;
csDMARDs, conventional synthetic disease-modifying
antirheumatic drugs.

In general, 31,566 patients and 16 nodes were
included in the analysis (Supplemental Appendix
6). The sample sizes ranged from 24 to 1629, the
mean age ranged from 46 to 58years, and the
follow-up time point for evaluation ranged from
12 to 54 weeks. Sixty (68%) of 88 studies used
MTZX as background therapy, and the remaining
28 (32%) studies also allowed the use of other
c¢sDMARDs including leflunomide, sulfasalazine,
hydroxychloroquine and so on. The subjects in
71 (81%) studies were csDMARD-IR, in 12
(14%) were bDMARD-IR and in five (6%) were
c¢sDMARD-IR or bDMARD-IR patients.

Quality assessment

Most of the studies were double-blind trials, eight
(9%) were open-label and one (1%) was single-
blind (Supplemental Appendix 7). Overall, 51
(58%) studies were rated as low risk of bias, 28
(32%) as moderate and nine (10%) as high.

Results of network meta-analysis

The forest plots of the four outcomes are shown
in Figure 3. In addition, we provide complete
results of all comparisons. Comparisons for
ACR20 and discontinuations for AEs are shown
in Figure 4, while comparisons for DAS28 and
HAQ-DI are shown in Figure 5.

In terms of ACR20 (82 RCTs, 29,574 patients),
all active drugs were significantly superior to pla-
cebo, with ORs ranging between 3.05 (95% Crl
1.78-5.27) for baricitinib 2 mg once daily and 5.61
(95% Crl 3.72-8.51) for etanercept. Etanercept
was associated with a higher response rate than
c¢sDMARDs (OR 2.26, 95% CrI 1.26—4.04), while
other active drugs showed no significant difference
compared with csDMARDs. In the comparison of
different active drugs, the response rate of adali-
mumab was lower than etanercept (OR 0.55, 95%
CrI 0.33-0.92) and certolizumab pegol (OR 0.63,
95% CrI 0.41-0.94).

In terms of DAS28 (63 RCTs, 24,119 patients),
all active drugs showed significant improvement
over placebo, with WMDs ranging between —1.91
95% CrI —2.14 to —1.68) for tocilizumab and
—0.80 (95% CrI —1.11 to —0.48) for baricitinib
2mg once daily. Except for baricitinib 2mg once
daily, adalimumab, infliximab and golimumab, all
the other active drugs were significantly superior
to csDMARDs (WMDs ranging between —1.37
and —0.52). Notably, tocilizumab was observed to
be more effective than all of the other active drugs
(WMDs ranging between —1.11 and —0.49).

Regarding HAQ-DI (72 RCTs, 25,687 patients),
all active drugs showed significant improvement
over placebo, with WMDs ranging between —0.34
95% Crl —0.45 to —0.22) for rituximab and
-0.21 (95% CrI —0.28 to —0.13) for baricitinib
2mg once daily. All active drugs except barici-
tinib 2mg once daily were significantly superior
to csDMARDs (WMDs ranging between —0.24
and —0.15). In addition, tofacitinib 10mg twice
daily (WMD -0.13, 95% CrlI —0.23 to —0.03),
upadacitinib 15mg once daily (WMD -0.11,
95% CrI —0.21 to —0.01) and certolizumab pegol
(WMD -0.10, 95% CrI —0.20 to —0.01) were
superior to baricitinib 2 mg once daily.

In terms of discontinuations for AEs (83 RCTs,
30,628 patients), all active drugs did not show
significant difference compared with placebo
except certolizumab pegol (OR 1.65, 95% Crl
1.06-2.61) and rituximab (OR 3.17, 95% Crl
1.11-10.80). Compared with c¢sDMARDs,
etanercept (OR 0.35, 95% CrI 0.15-0.82) and
abatacept (OR 0.28, 95% CrI 0.09-0.92) were
associated with lower discontinuation rates.
Furthermore, upadacitinib 30 mg once daily (OR
2.36, 95% CrlI 1.01-5.68), certolizumab pegol
(OR 1.94, 95% CrI 1.02-3.80) and rituximab
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A OR (95% Crl) B WMD (95% Crl)
Baricitinib 2mg —_— 3.05(1.78, 5.27) Baricitinib 2mg — -0.80 (-1.11, -0.48)
Baricitinib 4mg —_— 3.50 (2.31, 5.29) Baricitinib 4mg —— -1.07 (-1.31, -0.82)
Tofacitinib 5mg —_— 3.79 (2.52, 5.80) Tofacitinib 5mg — -1.05 (-1.29, -0.81)
Tofacitinib 10mg —_— 4.37 (2.85, 6.77) Tofacitinib 10mg — -1.24 (-1.50, -0.98)
Upadacitinib 15mg —_— 3.85(2.47, 6.04) Upadacitinib 15mg =~ —+— -1.31(-1.58, -1.03)
Upadacitinib 30mg —_— 4.21 (2.55,6.94) Upadacitinib 30mg ~—— -1.35(-1.66, -1.03)
Adalimumab —_— 3.10 (2.32, 4.18) Adalimumab —— -0.93 (-1.16, -0.70)
Etanercept —— 5.61(3.72,8.51) Etanercept —— -1.22 (-1.47,-0.97)
Infliximab —_— 3.41(2.20, 5.29) Infliximab —_— -0.85 (-1.33, -0.38)
Golimumab —_— 3.35(2.03, 5.59) Golimumab —_— -1.08 (-1.48, -0.69)
Certolizumab pegol —— 4.95 (3.54, 6.98) Certolizumab pegol —+— -1.42 (-1.68, -1.16)
Tocilizumab —_— 4.50 (3.15, 6.49) Tocilizumab ~ —e— -1.91 (-2.14, -1.68)
Rituximab —_— 3.77 (2.20, 6.43) Rituximab —_—— -1.19 (-1.55, -0.83)
Abatacept —_— 3.77 (2.54, 5.64) Abatacept —_— -1.16 (-1.41, -0.92)
csDMARDs _— 2.48 (1.24, 4.99) csDMARDs —_— -0.53 (-0.93, -0.13)

T T T T

0.5 1 8 -2 0 1

<« — « —_—

Favours placebo

Favours active drug

Favours active drug

Favours placebo

C WMD (95% Crl) D OR (95% Crl)
Baricitinib 2mg —_—— -0.21 (-0.28, -0.13) Baricitinib 2mg =~ —+— 0.98 (0.42, 2.16)
Baricitinib 4mg —— -0.27 (-0.32, -0.21) Baricitinib 4mg —_— 1.33 (0.73, 2.38)
Tofacitinib 5mg — -0.27 (-0.33, -0.22) Tofacitinib 5mg T—— 1.52 (0.92, 2.54)
Tofacitinib 10mg — -0.33 (-0.39, -0.27) Tofacitinib 10mg — 1.55 (0.91, 2.74)
Upadacitinib 15mg —— -0.31 (-0.38, -0.25) Upadacitinib 15mg =~——+—— 1.07 (0.57, 2.05)
Upadacitinib 30mg ~ —— -0.32 (-0.39, -0.24) Upadacitinib 30mg ——— 2.01(0.98, 4.17)
Adalimumab —— -0.25 (-0.30, -0.20) Adalimumab —— 1.41(0.97, 2.02)
Etanercept —_— -0.27 (-0.35, -0.19) Etanercept —_— 1.07 (0.53, 2.09)
Infliximab —_— -0.28 (-0.39, -0.17) Infliximab T 1.82 (0.93, 3.58)
Golimumab —— -0.27 (-0.34, -0.20) Golimumab —_— 1.02 (0.47, 2.29)
Certolizumab pegol —— -0.31 (-0.36, -0.25) Certolizumab pegol —_— 1.65 (1.06, 2.61)
Tocilizumab —— -0.25 (-0.32, -0.19) Tocilizumab T—— 1.39 (0.92, 2.18)
Rituximab —_— -0.34 (-0.45, -0.22) Rituximab ———— 3.17/(1.11, 10.80)
Abatacept —_—— -0.28 (-0.35, -0.22) Abatacept —_— 0.85 (0.52, 1.37)
csDMARDs —_— -0.10 (-0.23, 0.04) csDMARDs ————— 3.02(1.00, 8.97)
—OI.5 0 01.1 0.]5 1 1|1
<« — <« —

Favours active drug

Favours placebo

Favours active drug Favours placebo

Figure 3. Forest plots of network meta-analysis of all trials for efficacy and safety. A. ACR20. B. DAS28. C. HAQ-DI. D.
Discontinuations for AEs. Drugs compared with placebo, which was the reference compound.

ACR20, American College of Rheumatology 20% response; AEs, adverse events; Crl, credible interval; csDMARDs, conventional synthetic disease-
modifying antirheumatic drugs; DAS28, Disease Activity Score in 28 joints; HAQ-DI, Health Assessment Questionnaire-Disability Index; OR, odds

ratio; WMD, weighted mean difference.

(OR 3.76, 95% CrI 1.18-13.85) were associated
with higher discontinuation rates than abatacept.

Supplemental Appendix 8 shows the probability
plots, cumulative probability plots and SUCRA.
The relative ranking of treatments based on
SUCRA is summarized in Table 1. We summa-
rize the relative ranking of these treatments
it gives clinicians clearer reference

because

information.

Assessment of inconsistency, heterogeneity
and publication bias

The evaluation of inconsistency is shown in
Supplemental Appendix 9. The loop-specific
approach showed that all loops were consistent
for ACR20, DAS28, HAQ-DI, and only one of
15 loops was inconsistent in the analysis of dis-
continuations for AEs. The node-splitting method
showed that no significant inconsistency was seen
for all outcomes. The design-by-treatment test
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Figure 4. Comparisons for ACR20 and discontinuations for AEs in the network meta-analysis.

The numbers below the diagonal represent the ORs and 95% Crl of ACR20. ORs higher than 1 indicate that the drug in that column is better than the
drug in that row [i.e. favor the upper treatment). The numbers above the diagonal represent the ORs and 95% Crl of discontinuations for AEs. ORs
lower than 1 indicate that the drug in that row is better than the drug in that column (i.e. favor the upper treatment). Significant results are in bold
and underscored.

ABT, abatacept; ACR20, American College of Rheumatology 20% response; ADA, adalimumab; AEs, adverse events; Bar, baricitinib; Crl, credible
interval; csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; CZP, certolizumab pegol; ETN, etanercept; GOL, golimumab;
IFX, infliximab; ORs, odds ratios; PBO, placebo; RTX, rituximab; TCZ, tocilizumab; Tof, tofacitinib; Upa, upadacitinib.

also found no significant inconsistency for all out-
comes (p=0.993 for ACR20, p»p=0.999 for
DAS28, p=0.818 for HAQ-DI and p=0.694 for
discontinuations for AEs). The global I? of
ACR20, DAS28, HAQ-DI and discontinuations
for AEs were 56.4%, 66.9%, 14.5% and 5.3%,
respectively. In addition, the 12 of these outcomes
were 0.144, 0.080, 0.002 and 0.163, respectively,
suggesting low to moderate heterogeneity. The

comparison-adjusted funnel plots for all out-
comes were approximately symmetric and did not
show a significant risk of publication bias
(Supplemental Appendix 10).

Subgroup and sensitivity analyses
Our subgroup analysis showed the efficacy of these
active drugs in different subjects (Supplemental
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Figure 5. Comparisons for DAS28 and HAQ-DI in the network meta-analysis.

The numbers below the diagonal represent the WMDs and 95% Crl of DAS28. WMDs less than 0 indicate that the drug in that column is better than
the drug in that row (i.e. favor the upper treatment]. The numbers above the diagonal represent the WMDs and 95% Crl of HAQ-DI. WMDs less
than 0 indicate that the drug in that row is better than the drug in that column [i.e. favor the upper treatment]. Significant results are in bold and

underscored.

ABT, abatacept; ADA, adalimumab; Bar, baricitinib; Crl, credible interval; csDMARDs, conventional synthetic disease-modifying antirheumatic drugs;
CZP, certolizumab pegol; DAS28, Disease Activity Score in 28 joints; ETN, etanercept; GOL, golimumab; HAQ-DI, Health Assessment Questionnaire-
Disability Index; IFX, infliximab; PBO, placebo; RTX, rituximab; TCZ, tocilizumab; Tof, tofacitinib; Upa, upadacitinib; WMDs, weighted mean

differences.

Appendix 11.1). In c¢sDMARD-IR patients, all
active drugs were superior to placebo in ACR20
(ORs ranging between 3.11 and 5.27), DAS28
(WMDs ranging between —1.96 and —0.84), and
HAQ-DI (WMDs ranging between —0.35 and
—0.21). The addition of other csDMARDSs was
also superior to placebo in ACR20 (OR 2.22, 95%
CrI 1.05-4.86), but had no significant difference
in DAS28 (WMD -0.41, 95% CrI —0.85 to 0.03)
and HAQ-DI (WMD -0.08, 95% CrI —0.22 to

0.06) compared with placebo. In bDMARD-IR
patients, switching to JAK inhibitors or other
bDMARDSs was still superior to placebo in ACR20
(ORs ranging between 2.22 and 9.05), DAS28
(WMDs ranging between —1.79 and —0.68), and
HAQ-DI (WMDs ranging between —0.37 and
—0.18). However, most active drugs appeared to
be less effective than those in csDMARD-IR
patients except tocilizumab and rituximab.
Furthermore, our subgroup analysis detailed the
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Table 1. Relative ranking of different drugs assessed by SUCRA.

Treatment ACR20 DAS28 HAQ-DI Discontinuations for AEs
SUCRA Rank SUCRA Rank SUCRA Rank SUCRA Rank

Baricitinib 2mg 0.325 13 0.195 14 0.195 14 0.743 3
Baricitinib 4 mg 0.445 10 0.446 10 0.461 1M 0.532 7
Tofacitinib 5mg 0.531 7 0.419 1" 0.515 8 0.421 10
Tofacitinib 10mg 0.686 4 0.667 5 0.855 1 0.404 11
Upadacitinib 15 mg 0.547 6 0.737 4 0.743 4 0.695 6
Upadacitinib 30 mg 0.640 5 0.772 3 0.753 3 0.242 14
Adalimumab 0.297 14 0.283 12 0.327 13 0.482 9
Etanercept 0.897 1 0.640 6 0.505 9 0.707 4
Infliximab 0.417 1" 0.268 13 0.551 7 0.306 13
Golimumab 0.410 12 0.472 9 0.492 10 0.706 5
Certolizumab pegol 0.816 2 0.844 2 0.727 5 0.350 12
Tocilizumab 0.721 3 0.999 1 0.398 12 0.492 8
Rituximab 0.527 8 0.600 7 0.812 2 0.118 16
Abatacept 0.526 9 0.565 8 0.588 6 0.871 1
csDMARDs 0.213 15 0.094 15 0.075 15 0.133 15
Placebo 0.000 16 0.000 16 0.005 16 0.796 2

ACR20, American College of Rheumatology 20% response; AEs, adverse events; csDMARDs, conventional synthetic disease-modifying
antirheumatic drugs; DAS28, Disease Activity Score in 28 joints; HAQ-DI, Health Assessment Questionnaire-Disability Index; SUCRA, surface under

the cumulative ranking curve.

comparative efficacy of these active drugs in csD-
MARD-IR (Supplemental Appendix 11.2) and
bDMARD-IR patients (Supplemental Appendix
11.3). In both csDMARD-IR and bDMARD-IR
patients, the comparative efficacy of these active
drugs was similar to our primary results, and toci-
lizumab still had an advantage over other active
drugs in DAS28. The results of four sensitivity
analyses did not change significantly from the pri-
mary results, which proved the robustness of our
results (Supplemental Appendix 12).

Discussion

In general, our network meta-analysis, which
included 88 RCTs and 31,566 patients, investi-
gated the comparative efficacy and safety of JAK
inhibitors and bDMARDs in patients with active
RA after treatment failure with csDMARDs. Our
results showed that all JAK inhibitors and

bDMARDs were more effective than placebo in
ACR20, DAS28 and HAQ-DI, while tocilizumab,
certolizumab pegol and upadacitinib had rela-
tively good efficacy in these three outcomes.
Notably, tocilizumab was more effective than JAK
inhibitors and other bDMARDs in DAS28. This
means that tocilizumab is more likely to achieve
remission or low disease activity in RA than other
active drugs. Ma ez al.'® found that the remission
rate of tocilizumab in RA was higher than other
treatments, and some studies also showed that
monotherapy with interleukin-6 (IL-6) receptor
inhibitors was superior to monotherapy with TNF
inhibitors.3435 These findings were consistent with
our results. In addition, some studies have shown
that tocilizumab has a strong effect of reducing
acute reactants including CRP and ESR in
patients with RA, which may explain why tocili-
zumab is superior to other active drugs in DAS28
rather than ACR20 or HAQ-DI.36:37
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Concerning the efficacy of different recom-
mended doses of JAK inhibitors, we found that
there was no significant difference between baric-
itinib 2 mg and 4 mg once daily in ACR20, DAS28
and HAQ-DI (Figures 4 and 5), and the same
situation was observed with different doses of
tofacitinib (5 mg and 10 mg twice daily) and upa-
dacitinib (15mg and 30mg once daily). This
means that increasing the doses of JAK inhibitors
cannot provide significant additional benefits in
patients with RA compared with the lower recom-
mended doses. In addition, higher doses of JAK
inhibitors may be associated with a greater risk of
AEs.3® Considering the safety and high cost of
JAK inhibitors, RA patients taking a JAK inhibi-
tor may have a preference for a lower recom-
mended dose.

In terms of discontinuations for AEs, all active
drugs showed great safety compared with placebo
except certolizumab pegol and rituximab.
Furthermore, abatacept was associated with bet-
ter safety than upadacitinib 30 mg once daily, cer-
tolizumab pegol and rituximab. Our results on
safety were also similar to those of previous net-
work meta-analyses.23:24

We performed a detailed subgroup analysis to
explore differences in the efficacy of these active
drugs in different subjects. In csDMARD-IR
patients, the results of subgroup analysis were
similar to our primary results, and we also found
that the addition of other csDMARDs (combina-
tion therapy with csDMARDSs) was effective in
ACR20, but had no significant difference in
DAS28 and HAQ-DI compared with placebo.
Moreover, the addition of other csDMARDs
was associated with a relatively high discontinu-
ation rate for AEs. Therefore, combination ther-
apy with ¢sDMARDs had no advantage over
JAK inhibitors or bDMARDs in csDMARD-IR
patients. This finding is largely consistent with
current guidelines.23 A previous abridged
Cochrane network meta-analysis found that triple
therapy with csDMARDs (MTX plus sulfasala-
zine plus hydroxychloroquine) was not signifi-
cantly different from any bDMARD or tofacitinib
plus MTX in ACR50 for MTX-naive or MTX-IR
patients.3® The reason for this discrepancy may be
that more studies we included focused on the
combined use of two csDMARDs (MTX plus
leflunomide or sulfasalazine or hydroxychloro-
quine), and only one investigated the efficacy and
safety of triple therapy.*® Therefore, the

non-inferiority of triple therapy needs to be dem-
onstrated in more RCTs.

With regard to bDMARD-IR patients, the sub-
group analysis showed that switching to JAK
inhibitors or other bDMARDs was still more
effective than placebo in ACR20, DAS28, and
HAQ-DI, and these results were consistent with
the previous network meta-analyses.33:41 However,
most active drugs appeared to be less effective
than those in csDMARD-IR patients except toci-
lizumab and rituximab.

According to current recommendations, another
TNF inhibitor can be considered for use in
patients with RA if one TNF inhibitor therapy
has failed.>»?> Two studies we included showed
that golimumab and certolizumab pegol were
indeed effective in patients with RA who had
failed treatment with other TNF inhibitors.42-43
However, previous studies showed that non-TNF
biologicals were more effective than other TNF
inhibitors in TNF-IR patients,*%> which was
consistent with our results.

In recent years, some network meta-analyses have
investigated the efficacy and safety of tofacitinib
and bDMARDs in the treatment of RA,18:23,24,39
but few have found significant differences in the
efficacy of these active drugs. Compared with
previous network meta-analyses, this study has
some strengths. Firstly, we carried out a compre-
hensive search of the current databases and
included several unpublished trials, which ena-
bled us to conduct a more complete analysis of
the available evidence. Secondly, we excluded tri-
als that focused on csDMARD-naive patients or
active drug monotherapy, which was consistent
with the clinical practice recommended by cur-
rent guidelines.?3 Finally, we performed several
sensitivity analyses to demonstrate the robustness
of our results.

Our study had some limitations. Firstly, both
c¢sDMARD-IR and bDMARD-IR patients were
included in the analysis, which allowed us to
include more evidence but may also increase the
risk of bias. However, we performed a detailed
subgroup analysis to demonstrate that our con-
clusions were applicable to both csDMARD-IR
and bDMARD-IR patients. Secondly, most of
the evidence comes from placebo controlled
RCTs and head-to-head comparisons are still
lacking. Future RCTs should focus more on
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head-to-head comparisons between active drugs.
Thirdly, we did not include other outcomes
including ACR50 and ACR70 due to the limita-
tion of article length. Fourthly, we chose the rec-
ommended doses for almost all active drugs to
reduce the risk of bias, but non-recommended
doses may also be common in clinical practice.
Finally, we did not take into account the availa-
bility of these active drugs. For example, barici-
tinib and tofacitinib appear earlier and may be
more commonly used than upadacitinib.
Clinicians also need to consider specific clinical
circumstances to make the best choice.

In conclusion, all JAK inhibitors and bDMARDs
were more effective than placebo in ACR20,
DAS28 and HAQ-DI in patients with RA after
treatment failure with csDMARDs, while tocili-
zumab, certolizumab pegol and upadacitinib had
relatively good efficacy in these three outcomes.
Notably, tocilizumab was more effective than
other active drugs in DAS28. RA patients taking
a JAK inhibitor may have a preference for a lower
recommended dose. In terms of discontinuations
for AEs, all active drugs showed great safety com-
pared with placebo except certolizumab pegol
and rituximab. In addition, combination therapy
with ¢csDMARDs had no advantage over JAK
inhibitors or bDMARDs in c¢sDMARD-IR
patients, and switching to JAK inhibitors or other
bDMARDs was still effective in bDMARD-IR
patients. Clinicians should consider the results of
this study and take into account the cost-effec-
tiveness of these drugs to make the best choice for
each patient with RA.
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