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Abstract

Introduction: For patients with rheumatoid arthritis (RA] with an inadequate response

to tumor necrosis factor inhibitors (TNFi), main options include cycling onto a different

TNFi or switching to a biologic/targeted synthetic disease-modifying antirheumatic drug
with a different mechanism of action (MOA]. This network meta-analysis (NMA] assessed
comparative clinical efficacy of cycling versus switching.

Methods: We conducted a literature search in MEDLINE, Embase, and Cochrane Library.
Outcomes included proportion of patients with 20%, 50%, or 70% response to American
College of Rheumatology criteria (ACR20/ACR50/ACR70 response), Disease Activity Score in
28 joints (DAS28) score below 2.6 or between 2.6 and 3.2, mean change in DAS28 score, mean
reduction in and proportion of patients achieving a clinically meaningful reduction (=0.22)

in Health Assessment Questionnaire score, number of serious adverse events (AEs), and
withdrawals for any reason/due to AEs/lack of treatment efficacy. To account for the wide
range of study populations and designs, we developed three models to conduct the NMA:
fixed-effect, random-effects, and hierarchical Bayesian. PROSPERO ID: CRD42019122993.
Results: We identified nine randomized controlled trials and 16 observational studies.

The fixed-effect model suggested a 0.99 probability that switch was the better strategy for
increasing odds of a clinically meaningful improvement in ACR50 [odds ratio (OR): 1.35 (95%
credible interval (Cl): 0.96-1.81]]. The fixed-effect model also suggested that switch was
associated with lower rates of withdrawal for any reasons [OR: 0.53 (95% CI: 0.40-0.68)]. The
random-effects and hierarchical Bayesian models suggested additional uncertainty as they
considered more variability than the fixed-effect model.

Discussion: Results suggest that switching to a drug with a different MOA is more effective
and associated with lower rates of withdrawal than cycling to a different TNFi after failure of
first-line TNFi. Further trials that directly compare cycling with switching are warranted to
better assess comparative efficacy.

Plain language summary

Assessment of the effectiveness of different drug treatment strategies in patients with
rheumatoid arthritis: an analysis of the published literature

e Rheumatoid arthritis (RA) is a chronic disease in which inflammation affects joints
along with the entire body; this may cause significant pain, joint damage, physical dis-
ability, a decreased quality of life, and an increased risk of death.
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Tumor necrosis factor inhibitors (TNFis) are a common choice as first-line drugs to
treat RA. Although they are effective in many patients, therapy with a TNFi is not suc-
cessful within the first year of treatment in approximately one-third of patients due to
either a lack of efficacy or safety issues.

When TNFi therapy is unsuccessful, the options are to “cycle” to another TNFi or to
“switch” to another drug with a different mechanism of action (MOA). Further studies
are needed to help doctors decide the best treatment strategy for their patients when
treatment with an initial TNFi fails.

This study analyzed 25 published studies in which patients were either “cycled” to
another TNFi or “switched” to a drug with a different MOA after unsuccessful treatment
with an initial TNFi.

The results showed that “switching” to a drug with a different MOA was a better treat-
ment strategy than “cycling” to another TNFi; “switching” increased the chance of clini-
cally meaningful improvement in disease status and lowered the chance of having to

stop treatment for any reason.

Keywords: disease-modifying antirheumatic drugs, network meta-analysis, rheumatoid

arthritis, tumor necrosis factor
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Introduction

Rheumatoid arthritis (RA) is a chronic, debilitat-
ing disease characterized by persistent synovitis
and systemic inflammation. When uncontrolled
or untreated, RA can cause significant pain, joint
erosion, systemic or extra-articular manifesta-
tions, functional disability, decreased quality of
life, and an increased risk of death.! Conventional
synthetic disease-modifying antirheumatic drugs
(csDMARDSs), such as methotrexate, are consid-
ered the first line of treatment and are usually the
first class of agents used to treat RA. For patients
whose RA remains active even with csDMARDs
therapy and for patients with poor prognostic fac-
tors, the consensus on treatment is to generally
step-up to combination DMARD therapy or initi-
ate the patient on a biologic agent.?

Currently the first choice of biologic therapy is
typically a tumor necrosis factor inhibitor (TNFi),
also known as an anti-TNF agent.? While TNFi
therapy has been shown in randomized controlled
trials (RCTs) to be effective at improving the
signs and symptoms of RA, approximately 30—
40% of the patients discontinue TNFi therapy
within 1year due either to failure of treatment
efficacy or adverse events.?* Patients with active
disease despite TNFi therapy can subsequently
cycle to either a different TNFi or switch to a bio-
logic agent with an alternative mechanism of

action (MOA). Currently, available data are lim-
ited for clinicians attempting to decide between
these two strategies. Most clinical trials of sec-
ond-line therapies for RA compare a specific sec-
ond-line treatment with placebo. From existing
trials,>-10 we know that either cycling a patient on
to a different TNFi or switching a patient to a
drug with a different MOA can be beneficial.
However, currently, it is not known which of
these strategies is more effective.

This network meta-analysis (NMA) builds on a
systematic literature review of RCT's and observa-
tional studies to investigate whether cycling or
switching is more effective after TNFi failure in
patients with RA.

Materials and methods

The protocol of our NMA was registered on
PROSPERO international prospective register of
systematic reviews (https:/www.crd.york.ac.uk/
PROSPERO/; ID = CRD42019122993). All
relevant data are within the manuscript and its
Supplemental files.

Literature search
The literature search was conducted in
MEDLINE, Embase, and Cochrane Library in
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June 2018. The search strategy can be found in
Supplemental Appendix S1. RCTs and observa-
tional studies investigating second-line treatment
for RA with TNFi (adalimumab, infliximab,
etanercept, certolizumab, golimumab) and drugs
with a different MOA (tofacitinib, rituximab,
abatacept, tocilizumab, anakinra, baricitinib) in
adult patients who had failed a previous treatment
with TNFi were included in the present meta-
analysis. The PICOS statement can be found in
Supplemental Appendix S2 (Table S2-1).

Study selection

A systematic literature review was performed in
two stages by two independent reviewers. Stage 1
encompassed review of titles and abstracts identi-
fied from the electronic search; stage 2 was based
on a review of full-text articles of those deemed
potentially relevant during stage 1. We excluded
studies that did not provide information on the
treatment type in at least one of the arms and
those that did not report on the outcomes of inter-
est. Non-English articles and non-original articles,
including comments, editorials, case reports, and
personal communications, were also excluded.

Data extraction

Data extraction was performed by two independ-
ent reviewers and any disagreements were
resolved wia consensus. The following informa-
tion was extracted from the studies matching the
inclusion criteria: the name of the author, year of
publication, study design, demographic data of
subjects, baseline clinical data of subjects, type of
intervention, and numerical data on the outcomes
of interest. The outcomes analyses were the mean
reduction in health assessment questionnaire
(HAQ) score, proportion of patients with a clini-
cally meaningful HAQ reduction (defined as a
reduction of at least 0.22), the proportion of
patients with a 20% (ACR20), 50% (ACR50), or
70% (ACR70) response on the ACR score, the
proportion of patients achieving a Disease Activity
Score in 28 joints (DAS28) score below 2.6 or
between 2.6 and 3.2, mean change in DAS28
score, rate of serious adverse events (SAEs), and
number of withdrawals for any reason or due to
adverse events or lack of treatment efficacy.

Quality assessment
We utilized the Cochrane Risk of Bias Tool!! to
evaluate the included RCTs510:12-18 gnd the

Newecastle—Ottawa Scale!® to evaluate the obser-
vational studies.?0-35> The quality assessment was
performed by two reviewers independently, and
any disagreement was resolved via consensus.

Classification of treatment

There is currently no consensus on the optimal
next treatment after TNFi failure.3® The two
main options are to cycle patients on to a different
TNFi, or to switch patients on to a drug with a
different MOA. Therefore, in this study, treat-
ments were classified as either cycle or switch.
Interventions in which patients moved to a differ-
ent TNFi were classed as cycle. Interventions in
which patients moved to a treatment with a differ-
ent MOA were classed as switch. Interventions in
which patients stayed on the same drug were
excluded. Placebo was classed as placebo
[Supplemental Appendix S2 (Table S2-2)].

Network meta-analysis

For each endpoint, we described the geometry of
the network by drawing network diagrams
[Supplemental Appendix S3 (Figures S3-1 to
S3-13)] that illustrate the different treatments
and the number of trials and/or observational
studies used in each comparison. Separate dia-
grams were necessary because the different stud-
ies often reported only a selection of the outcomes
of interest.

Statistical model

Because this analysis takes data from studies cov-
ering a range of populations and study designs, the
decision was made to develop three models to
conduct the network meta-analyses: a fixed-effect
model, a random-effects model, and a hierarchical
Bayesian model. The first two models compared
cycle treatments versus switch treatments, and the
hierarchical model compared the individual drugs
against each other while clustered into one of the
two treatment classes. A hierarchical model in
turn allowed for the individual drugs within each
class to be modeled separately in sub-models that
are then clustered into the treatment classes.?’
Using these three types of models enabled us to
compare the primary results and choose based on
the deviance information criterion (DIC).

For each endpoint, we performed three NMAs.
These models were built in R v3.5.1 and
WinBUGS v1.4.3. The three NMAs were:
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1. Fixed-effect NMA of treatment class (i.e.
cycle versus switch versus placebo)

2. Random-effects NMA of treatment class
(i.e. cycle versus switch versus placebo)

3. Hierarchical Bayesian NMA of treatment
drug, treating each drug as clustered within
its treatment class [Supplemental Appendix
S2 (Table S2-2)]

We chose primary results between fixed-effect
and random-effects network meta-analyses by
considering the DIC: where the fixed-effect meta-
analysis had a random-effect DIC +5 or less, we
reported the fixed-effect results as per standard
practice.38

For continuous outcomes, we used linear regres-
sion models. For binary analyses, we used logistic
regression models.

Assessing consistency and heterogeneity

There were no RCTs of a cycle drug wversus a
switch drug, so we could not assess the consist-
ency of analyses of RCTs.

For the full analysis, including both RCTs and
observational studies, consistency was assessed
where possible by fitting models with consistency
factors. For the consistency model, a DIC 5 or
more points below the DIC of the standard fixed-
effects model was regarded as an important lack
of consistency. Heterogeneity among the com-
parative studies was assessed using the I?
statistic.

Choice of priors for each model

For the binary model, we used a diffuse prior for
trial baselines on the logit scale u, Normal (0,1002 )
and weakly informative priors for treatment
effects d, Normal (0,3.32). In the random-effects
model and hierarchical model, we used a diffuse
prior for the between-trial precision tGamma
(0.001,0.001) (the between-trial standard devia-

1
N

a weakly informative prior for the treatments
within a specific treatment class D.d,Normal
(0,3.3%).

tion sd = —=). In the hierarchical model, we used

For the continuous model, we used a diffuse prior
for trial baselines u,Normal (0,1002) and diffuse
priors for treatment effects d,Normal (0,1002 ) In

the random-effects model and hierarchical model,
we used a diffuse prior for the between-trial preci-
sion tGamma(0.01,0.01) (the between-trial

. 1 . .
standard deviation sd = T). In the hierarchical
T
model, we used a weakly informative prior for the
treatments within a specific treatment class
D.d,Normal (0,10°).

For each model, we ran 20,000 iterations, dis-
carding the first 10,000 iterations as burn-in. This
was an excessive number of iterations, used
because estimates of all considered factors had
reached convergence (Rhat==1) and computer
time was acceptable (<30s per model).

Presentation of results

For each NMA, we estimated pair-wise mean dif-
ferences (continuous endpoints) or odds ratios
(ORs; binary endpoints) and used these to pre-
sent results, accompanied with appropriate 95%
credible intervals (CIs). We also present the prob-
ability that a certain treatment class is the best in
a certain measure. This means that a higher prob-
ability indicates that the treatment class is likely
better at achieving a positive outcome, such as
achieving an improvement in HAQ score, or bet-
ter at reducing a negative outcome, such as a SAE
or a withdrawal.

We additionally estimated the surface under the
cumulative ranking (SUCRA) and average treat-
ment rankings to explore potential treatment
hierarchy. SUCRA is a numerical presentation of
the overall probability that a drug will occupy at
least one of the top ranks, with possible values
ranging from 0% to 100%. Using SUCRA to rank
treatments must be done with caution, however,
as these rankings can arise from evidence that has
low certainty. A set of SUCRASs can be the same
whether they come from high-quality studies or
low-quality studies; the method itself does not
differentiate. Therefore, SUCRA results are only
as robust as the data on which they are based.?®

Average treatment rankings indicate the mean
ranking of the treatment across the iterations of
the model. Combining the average ranking with
the SUCRA rating provides an indication of the
uncertainty in the results: if a treatment has a high
SUCRA probability but a low average ranking, or
vice versa, these divergent results may reflect a
lack of certainty and be a result of a treatment

journals.sagepub.com/home/tab
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Figure 1. PRISMA flow diagram.
*Free searches using Google Scholar and PubMed.

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT, randomized controlled trial.

having a high probability of being in the top ranks
or the bottom ranks because of underlying
uncertainty.

Results

Literature search

Of the 2928 articles identified during the litera-
ture search, 2830 were excluded and the full text
of the remaining 98 articles was reviewed for eli-
gibility. After the full texts were reviewed, 46
articles were excluded after meeting the exclu-
sion criteria and 27 articles were excluded as
they did not contain the outcome of interest. We
have included in the NMAs nine RCTs reported
in 13 articles (four for cycling and five for switch-
ing) and 16 observational studies (eight for
cycling and eight for switching; Figure 1). As the
studies on baricitinib did not meet the criteria
reported in PICOS statement, it was not included
in the NMA.

Study characteristics

A total of 25 studies were included in the NMA,
the baseline characteristics of which are summa-
rized in Supplemental Appendix S4 (Table S4-1).

The baseline characteristics varied across the
studies, with patient numbers ranging from small
studies of 15 patients up to 1683 patients. The
proportion of female participants in the studies
was at least 71.1% and the mean age of partici-
pants ranged from 45.1 to 59.0years. Most
patients had been living with RA for a long time,
with the mean disease duration ranging from 6.8
to 16.6years. Baseline clinical measures were
generally more severe in the RCTs than in the
observational studies. Examples of this included
the mean tender joint count and swollen joint
count, which ranged from 22.8 to 33.9 and 12.8
to 23.4, respectively, in the RCTs, and 8.2 to
17.8 and 5.9 to 14.3, respectively, in the observa-
tional studies.

Assessment of risk of bias

The results of the risk of bias assessments for both
the RCTs and the observational studies are pre-
sented in Supplemental Appendix S4 (Figures
S4-1 and S4-2). While many of the RCTs were
constructed to minimize bias, four did have
aspects thatintroduced bias into the results.%12:1415
The bias in these studies can mainly be attributed
to performance bias from the lack of blinding of
study participants and outcome assessors, and
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Figure 2. Forest plot showing Bayesian hierarchical and random-effects odds ratio switch versus cycle

estimate for the main outcomes.

ACR20/50/70, American College of Rheumatology criteria measuring a 20/50/70% improvement on a scale of 28 intervals;
DAS28, Disease Activity Score in 28 joints; HAQ, Health Assessment Questionnaire.

selection bias due to the open-label nature of
the studies.

The bias introduced in the observational studies was
mainly attributed to the lack of comparability of the
cohorts involved. For 11 of the studies,?20-25:27,30,33-35
there was no attempt to improve the comparabil-
ity of the cohorts as the only differentiation used
was previous treatment received.

Heterogeneity

There was no evidence of significant heterogene-
ity when exploring the HAQ improvement,
ACR20 and DAS28 remission outcomes in the
studies that compared either a switch or a cycle
approach with placebo. However, this was not the
case when comparing switch with cycle. For the
HAQ improvement outcome, the I? value was
51.69% and for the DAS28 outcome the I? value
was 97.05% [Supplemental Appendix S4 (Figure
S4-3)]. This heterogeneity is likely due to only
two studies being used, the smaller of which?8
showed a statistically significant improvement
based on log OR for switch compared with cycle

and the other, larger study®? demonstrating much
less of an improvement.

Efficacy outcomes

The results of key outcomes showed that the
switch approach had a higher probability of
resulting in a better outcome than the cycle
approach (Figure 2), as highlighted in Figure 3
for the main outcomes (ACR20, ACR50, ACR70,
DAS28 remission, HAQ improvement, with-
drawals for any reason, and withdrawals due to
adverse events). Results for the key outcomes of
interest are presented in the main manuscript and
Supplemental Appendix S5; other outcomes
(DAS28 low, DAS28 erythrocyte sedimentation
rate change, DAS28 C-reactive protein change,
HAQ reduction, withdrawals due to lack of effi-
cacy, SAEs) are reported in Supplemental
Appendix S6.

Figure 2 shows the OR switch versus cycle for the
above-mentioned main outcomes for both ran-
dom and hierarchical Bayesian estimate. For the
positive outcomes (ACR20, ACR50, ACR70,
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Figure 3. Bayesian hierarchical model of the probability of a better outcome from the cycle or switch approach
for the main outcomes (ACR20, ACR50, ACR70, DAS28 remission, HAQ improvement, withdrawals due to

adverse events and withdrawals for any reason).

ACR20/50/70, American College of Rheumatology criteria measuring a 20/50/70% improvement on a scale of 28 intervals;
DAS28, Disease Activity Score in 28 joints; HAQ, Health Assessment Questionnaire.

DAS28 remission, HAQ improvement) the OR
was in favor of the switch versus cycle approach.
ORs for negative outcomes (withdrawals for any
reason and withdrawals due to adverse event)
were also in favor of a switch approach. It is worth
noting that the estimates are all to the left of the
point of indifference. As far as the Bayesian analy-
sis is concerned, it should be considered that the
criteria for interpreting CIs used in frequency
analysis are much less relevant in Bayesian analy-
sis. Therefore, even if the CIs cross the line of
indifference, we consider the result equally valid
in probabilistic terms.

ACR20

ACR20 was reported by seven studies: six RCT's
and one observational study [Supplemental
Appendix (Figure S3-1)]. The Bayesian hierar-
chical NMA indicated a 64% probability that
switch is better than cycle for ACR20
[Supplemental Appendix S5 (Table S5-1)], with
fixed- and random-effects class-based analyses
showing much higher probabilities. It was unclear

which specific switch drug was best [Supplemental
Appendix (Table S5-2)]. Results based only on
RCTs differed, with the fixed-effect model show-
ing a 76% probability that switch is better than
cycle, and the hierarchical model showing a 61%
probability that cycle is better than switch. The
random-effects model was split, giving a 51%
probability that switch is better than cycle
[Supplemental Appendix S5 (Table S5-3)].

There was no evidence of inconsistency (DIC of
fixed-effect inconsistency model was 100 versus
101 for the consistency model).

ACR50

ACR50 was reported by eight studies: six RCT's
and two observational studies [Supplemental
Appendix (Figure S3-2)]. The Bayesian hierar-
chical NMA gave an 87% probability that switch
is better than cycle for ACR50 (Table 1), with
fixed- and random-effects class-based analyses
showing much higher probabilities. The fixed-
effect model, for example, suggested a 99%
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Table 1. Results of network meta-analysis of ACR50 based on all studies reporting ACR50.

Statistic Fixed- Lower Upper Random- Lower Upper Hierarchical Lower Upper
effect bound bound effect bound bound model bound bound
estimate estimate estimate

DIC 76 77 98

OR cycle versus placebo 3.86 72458 6.2 3.82 1.99 6.55 3.84 1.87 7.39

OR switch versus placebo 5.15 3.68 7.52 5.27 3.31 8.29 5.33 3.26 8.82

OR switch versus cycle 1.35 0.96 1.81 1.38 0.88 2.41 1.39 0.69 2.69

Plplacebo best] 0 0 0

Plcycle best) 0.04 0.06 0.13

P(switch best) 0.96 0.94 0.87

SUCRA(placebo) 0 0 0

SUCRA(cycle) 0.52 0.53 0.56

SUCRA(switch] 0.98 0.97 0.94

Average rank (placebo) 3 3 3

Average rank (cycle) 1.96 1.94 1.87

Average rank (switch) 1.04 1.06 1.13

ACR50, American College of Rheumatology criteria measuring a 50% improvement on a scale of 28 intervals; DIC, deviance information criterion;
OR, odds ratio; SUCRA, surface under the cumulative ranking curve.

probability that switch is a better strategy for
increasing the odds of a clinically meaningful
improvement in ACR50 [OR: 1.35 (95% CI:
0.96-1.81)]. It was unclear which specific switch
drug was best [Supplemental Appendix S5 (Table
S5-4)]. Results based only on RCTs were very
similar with only a slight reduction in probability
that switch is the best [Supplemental Appendix
S5 (Table S5-5)].

There was no evidence of inconsistency (DIC of
fixed-effect inconsistency model was 76 versus 77
for the consistency model).

ACR70

ACR70 was reported in six studies: five RCTs
and one observational study [Supplemental
Appendix S3 (Figure S3-3)].

The Bayesian hierarchical NMA gave a 68%
probability that switch is better than cycle for
ACR70 [Supplemental Appendix S5 (Table
S5-6)], with fixed and random-effects class-based

analysis giving higher probabilities. It was unclear
which specific switch drug was best [Supplemental
Appendix S5 (Table S5-7)]. Results based only
on RCTs were similar [Supplemental Appendix
S5 (Table S5-8)].

There was no evidence of inconsistency (DIC of
fixed-effect inconsistency model was 65 versus 66
for the consistency model).

DAS28 remission

DAS28 remission proportion was reported in five
RCTs [Supplemental Appendix S3 (Figure
S3-4)].

The Bayesian hierarchical NMA gave a 64% prob-
ability that switch is better than cycle for DAS28
remission (Table 2), with fixed- and random-
effects class-based analyses giving higher probabil-
ities. It was unclear which specific switch drug was
best [Supplemental Appendix S5 (Table S5-9)].

A consistency model was not possible.
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Table 2. Results of network meta-analysis of DAS28 remission based on all studies reporting DAS28 remission.

Statistic Fixed- Lower Upper Random- Lower Upper Hierarchical Lower Upper
effect bound bound effect bound bound model bound  bound
estimate estimate estimate

DIC 103 82 90

OR cycle versus placebo  7.59 3.7 17.57 8.3 1.39 51.52 9.02 1.45 5745

OR switch versus 10.29 5.26 23.99 11.26 2.7 43.66 11.21 2.39 52.59

placebo

OR switch versus cycle 1.37 1.04 1.33 0.28 7.09 1.23 0.2 6.9

Plplacebo best) 0 0 0

Plcycle best) 0.01 0.3 0.36

P(switch best) 0.99 0.7 0.64

SUCRA(placebo) 0 0.01 0.01

SUCRA(cycle) 0.51 0.64 0.67

SUCRA(switch] 0.99 0.85 0.82

Average rank (placebo) 3 2.98 2.98

Average rank (cycle) 1.99 1.71 1.65

Average rank (switch) 1.01 1.31 1.37

DAS28, Disease Activity Score in 28 joints; DIC, deviance information criterion; OR, odds ratio; SUCRA, surface under the cumulative ranking curve.

HAQ improvement

HAQ improvement was reported in eight studies:
six RCT's and two observational studies [Supple-
mental Appendix S3 (Figure S3-4)].

The balance of evidence suggested that switch is
better than cycle for HAQ improvement, with the
random-effects model giving this an 88% probabil-
ity [Supplemental Appendix S5 (Table S5-10)].
This probability was lower than in the class-based
analysis due to the inclusion of treatments such as
anakinra (switch) and adalimumab (cycle) for
which no studies reported HAQ improvement,
and, therefore, there is uncertainty around their
impact on HAQ improvement. This uncertainty
also impacted determining which drug was best;
infliximab (cycle) was the most likely with
P(best) =0.22 and SUCRA =0.67, but tocilizumab
(switch) and rituximab (switch) also showed prom-
ise with P(best)=0.14 and SUCRA=0.67 and
P(best)=0.09 and SUCRA=0.69 respectively
(Supplemental Appendix S5 [Table S5-11]).

Results based on RCTs were similar [Supple-
mental Appendix S5 (Table S5-12)].

There was no evidence of inconsistency (DIC of
fixed-effect inconsistency model was 105 wersus
104 for the consistency model).

Safety outcomes

Withdrawals for any reason. Withdrawals for any
reason were reported by eight studies: five RCTs
and three observational studies [Supplemental
Appendix S3 (Figure S3-6)]. The fixed-effect
model suggested that switch was associated with
lower rates of withdrawal for any reasons [OR:
0.53 (95% CI: 0.40-0.68); Supplemental Appen-
dix S5 (Table S5-13)].

The Bayesian hierarchical NMA gave a 60%
probability that switch leads to fewer withdrawals
for any reason than cycle or placebo [Supplemental
Appendix S5 (Figure S5-13)], with fixed- and
random-effects class-based analyses showing sim-
ilar probabilities. It is unclear which specific treat-
ments led to the highest or lowest number of
withdrawals, with cycle and switch treatments
sharing similar probabilities compared with other
treatments within their classes [Supplemental
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Table 3. Results of network meta-analysis of withdrawals due to adverse events based on all studies reporting withdrawals due to

adverse events.

Statistic Fixed- Lower Upper Random-  Lower Upper Hierarchical Lower Upper
effects bound bound effects bound bound model bound bound
estimate estimate estimate

DIC 63 b4 75

OR cycle versus 12.17 2.92 78.86 9.84 0.30 64.57 8.03 0.83 55.04

placebo

OR switch versus 1.09 0.62 1.80 1.02 1.02 2.35 1.03 0.43 2.62

placebo

OR switch versus cycle 0.09 0.01 0.35 0.2 0.19 2.30 0.13 0.02 1.15

Plplacebo best] 0.62 0.50 0.52

Plcycle best] 0 0.04 0.02

P(switch best) 0.38 0.46 0.46

SUCRA(placebo) 0.81 0.73 0.75

SUCRA(cycle) 0.00 0.06 0.03

SUCRAI(switch) 0.69 0.71 0.72

Average rank (placebo) 1.38 1.54 1.50

Average rank (cycle) 3.00 2.89 2.94

Average rank (switch)  1.62 1.57 1.56

AE, adverse event; DIC, deviance information criterion; OR, odds ratio; SUCRA, surface under the cumulative ranking curve.

Appendix S5 (Table S5-14)]. Results based on
RCTs only were similar [Supplemental Appendix
S5 (Table S5-15)].

There was evidence of inconsistency (DIC of
fixed-effect inconsistency model was 112 wersus
83 for the consistency model). Two observational
studies directly compared cycle with switch: of
the 801 patients receiving an unspecified TNFi,
391 withdrew due to lack of efficacy, while of the
355 patients receiving rituximab, 111 withdrew,
resulting in an OR of 0.47 for switch versus cycle.
The indirect evidence (the results of the RCTs)
gave an OR for switch wersus cycle of 0.86
[Supplemental Appendix S5 (Table S5-15)].
Given that the direct evidence is based on a large
number of patients in the two observational stud-
ies, the difference in ORs between the direct evi-
dence from the observational studies and the
indirect evidence from the RCT likely explains
the apparent inconsistency. Because the direct
evidence is based on a comparison of one switch

treatment, rituximab, against unspecified cycle
treatments, while the RCT's include a wider range
of switch treatments, it is likely the RCT data are
more robust.

Withdrawals due to adverse events. Withdrawals
due to adverse events were reported by eight stud-
ies: six RCT's and two observational studies [Sup-
plemental Appendix S3 (Figure S3-7)].

The hierarchical Bayesian NMA of all studies gave
a 46% probability that switch causes fewer with-
drawals due to adverse events than cycle (Table 3).
Results for the switch fixed- and random-effects
models were also higher than those for cycle
[Supplemental Appendix S5 (Table S5-14)].

Switch treatments showed the highest probabili-
ties for leading to the lowest number of withdraw-
als, with P(best)=0.14 and P(best)=0.17 for
abatacept and anakinra, respectively [Supple-
mental Appendix S5 (Table S5-16)].
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There was no evidence of inconsistency (DIC of
fixed-effect inconsistency model was 63.0 wversus
64 for the consistency model).

Limitations

Limitations of this study include the limited num-
ber of head-to-head studies (cycle versus switch)
included in it, potential bias introduced from the
lack of blinding in four of the included RCT's and
from the inability to ensure comparability between
cohorts in 11 of the observational studies.

Discussion

In recent years, alongside the common clinical
practice of cycling among biological therapies in
patients with RA who have an inadequate
response to TNFi drugs,*0-4! the therapeutic strat-
egy of switching to biologic agents with different
MOAS has also become a common practice.42:43

The objective of this study was to compare the
efficacy and safety of cycling patients to another
TNFi versus switching patients to a drug with a
different MOA in adult patients with RA who had
failed previous treatment with TNFi. Data from
RCTs and observational studies were adjusted for
baseline characteristics and were used to perform
a Bayesian NMA; consistency and heterogeneity
were also evaluated.

Across all considered efficacy outcomes (ACR20,
ACR50, ACR70, DAS28 score below 2.6 or
between 2.6 and 3.2, mean change in DAS28
score, mean and reduction in HAQ score) results
consistently showed a higher probability that
switching is a better strategy than cycling. Further,
in the hierarchical model switching was also asso-
ciated with lower negative outcomes, such as
number of withdrawals for any reasons or due to
adverse events, and lack of efficacy. The switch
strategy showed uncertain results for SAEs
because the hierarchical analysis with all the stud-
ies and the analysis with only the RCTs went
slightly in the opposite direction, even if the
results were very close. In general, the probability
that switching was better than cycling was in the
range of 70-90% rather than being certain, while
it was unclear which drug was most effective.

Our results suggest that switching to a drug with
a different MOA is more effective and associated
with lower rates of withdrawals than cycling to a
different TNFi after failure of first-line TNFi

therapy. Further trials to compare cycling with
switching directly are warranted to better assess
the comparative efficacy of these two treatment
strategies.
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