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ABSTRACT
Objectives To update the evidence for the efﬁcacy of
biological disease-modifying antirheumatic drugs
(bDMARDs) in patients with rheumatoid arthritis (RA) to
inform European League Against Rheumatism (EULAR)
Task Force treatment recommendations.
Methods MEDLINE, EMBASE and Cochrane databases
were searched for phase III or IV (or phase II, if these
studies were lacking) randomised controlled trials (RCTs)
published between January 2013 and February 2016.
Abstracts from the American College of Rheumatology
and EULAR conferences were obtained.
Results The RCTs conﬁrmed greater efﬁcacy with a
bDMARD+conventional synthetic DMARD (csDMARD)
versus a csDMARDs alone (level 1A evidence). Using a
treat-to-target strategy approach, commencing and
escalating csDMARD therapy and adding a bDMARD in
cases of non-response, is an effective approach (1B). If a
bDMARD had failed, improvements in clinical response
were seen on switching to another bDMARD (1A), but
no clear advantage was seen for switching to an agent
with another mode of action. Maintenance of clinical
response in patients in remission or low disease activity
was best when continuing rather than stopping a
bDMARD, but bDMARD dose reduction or ‘spacing’
was possible, with a substantial proportion of patients
achieving bDMARD-free remission (2B). RCTs have also
demonstrated efﬁcacy of several new bDMARDs and
biosimilar DMARDs (1B).
Conclusions This systematic literature review
consistently conﬁrmed the previously reported efﬁcacy of
bDMARDs in RA and provided additional information on
bDMARD switching and dose reduction.

INTRODUCTION
Since the 2013 systematic literature review (SLR)
on biological disease-modifying antirheumatic
drugs (bDMARDs) in rheumatoid arthritis (RA),1
there have been several trials addressing efﬁcacy
and safety of various established bDMARDs,
looking at different aspects of therapy including
induction, switching, tapering and stopping of
bDMARDs. There have also been publications on

new bDMARDs, including some with new modes
of action, as well as on a number of biosimilar
DMARDs (bsDMARDs).
Many clinical trials provide direct comparisons
between a bDMARD and a conventional synthetic
DMARD (csDMARD). The use of treat-to-target
strategies,2 however, better reﬂects real-life treatment approaches and therefore provides additional
evidence for the use of these therapies in clinical
practice. This SLR therefore also sought to provide
an update on bDMARD strategy studies, previously
deﬁned as ‘clinical trial(s) of any treatment of RA
in which at least one arm consists of medication
adjustment according to protocol, based on clinical
outcomes aiming at a speciﬁc target’.3
This SLR aimed to update the body of evidence
with information that has emerged since 2013
regarding the use of bDMARDs in RA. The results
of this SLR and two others4 5 provided the task
force with the current state of evidence.

METHODS
The updated standard operating procedures by
European League Against Rheumatism (EULAR)
were followed.6 As before,1 7 studies on the following nine bDMARDs were included: adalimumab
(ADA), certolizumab-pegol (CZP), etanercept
(ETN), golimumab (GLM), inﬂiximab (IFX), anakinra (ANA), abatacept (ABT), rituximab (RTX)
and tocilizumab (TCZ).1 7 Information was also
sought on new bDMARDs, including bsDMARDs.
The search was performed using MEDLINE,
EMBASE and Cochrane CENTRAL databases
between January 2013 and February 2016. Relevant
abstracts were sought from the 2013–2015
American College of Rheumatology (ACR) and
2014–2016 EULAR conferences.
The study selection criteria were the same as
those in previous EULAR bDMARD SLRs.1 7 The
Cochrane risk of bias assessment tool for RevMan
5.18 was used to assess the quality of published
studies and the Oxford Centre for Evidence-based
Medicine levels of evidence9 was used to assign
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levels of evidence. Details on the search strategy can be found in
the online supplementary material.

RESULTS
Of 10 187 articles from the database search, together with additional ACR and EULAR conference abstracts and articles found
after the database search, 51 published papers and 35 abstracts
met the inclusion criteria. Risk of bias was considered ‘low’ for
most but not all studies. Open-label trials were assigned ‘high
risk of bias’ for the category ‘blinding of participants and personnel’ (see online supplementary material).
Efﬁcacy data are presented in ﬁve sections: (1) bDMARD efﬁcacy trials (in combination with a csDMARD or as monotherapy); (2) bDMARD strategy trials; (3) bDMARD switching
trials; (4) bDMARD stopping or dose reduction trials and (4)
trials with new therapies (new bDMARDs and bsDMARDs, and
bDMARDs versus a targeted synthetic DMARD (tsDMARD)).
Patients with RA were grouped as follows: (1) DMARD-naive,
(2) methotrexate (MTX)-naive, (3) MTX-inadequate response
(IR), (4) csDMARD-IR (mixed DMARD-IR) and (5) tumor
necrosis factor inhibitor (TNFi) TNFi-IR. This is highlighted for
each study and studies are divided accordingly in the online
supplementary section.

Biological DMARD efﬁcacy
The focus of the results was on the primary outcomes. Other
efﬁcacy outcomes are presented in the online supplementary
section.

Existing biological DMARD+csDMARD combination versus
csDMARD
Nine new studies have been published after 2013 conﬁrming
evidence for the efﬁcacy of a bDMARD+csDMARD versus a
csDMARD.10–18 In DMARD-naive RA (2010 ACR/EULAR19),
the C-EARLY10 study met its primary endpoint of sustained
Disease Activity Score using a 28 joint count (DAS28)<2.6
between weeks 40 and 52 (CZP+MTX vs placebo+MTX: 29%
vs 15%). In MTX-naive RA, C-OPERA conﬁrmed better efﬁcacy
of CZP+MTX compared with MTX alone.14 CARDERA-2
failed to demonstrate radiological superiority of ANA+MTX
versus MTX monotherapy.13 In mixed DMARD-IR patients,
subcutaneous TCZ+MTX was superior to background MTX in
the BREVACTA study (ACR 20 at week 24: 61% vs 32% at
week 24),17 and RTX+background leﬂunomide to leﬂunomide
in the AMARA study.18
The results of these new randomised controlled trials (RCTs)
are in accordance with the previously formulated standpoint
that a combination of a bDMARD and a csDMARD is more
effective than a csDMARD alone. Level of evidence (LOE) as in
the previous SLRs:1 1A.

Biological DMARD+MTX combination versus biological DMARD
monotherapy
In the MTX-naive RA AVERT study, a status of DAS28<2.6 was
more often achieved with ABT+MTX than with MTX monotherapy or ABT monotherapy at 12 months (60.9% vs 45.2% vs
42.5%). The FUNCTION study also showed higher proportions
of patients with DAS remission and ACR responses—and less
radiographic progression—with TCZ 8 mg/kg+MTX compared
with TCZ monotherapy.20 21 TCZ monotherapy had more
DAS28<2.6 and less radiographic progression than MTX
monotherapy, but most other secondary endpoints, including
physical function, were not different.

In MTX- IR RA patients, the SURPRISE study showed at
week 24, the time of the primary endpoint, that a status of
DAS28<2.6 was more often achieved when adding TCZ to
MTX versus switching from MTX to TCZ (70% vs 55%).22
This modest beneﬁt had disappeared at week 52 (72% vs 70%).
Clinically relevant radiographic progression was lower with
TCZ+MTX combination therapy than with TCZ monotherapy
(van der Heijde-Sharp score ≥3: 7% vs 15%).
The results of the newer RCTs are in accordance with the previously formulated standpoint that a combination of any
bDMARD and a csDMARD is more effective than bDMARD
monotherapy (LOE as in the previous SLRs:1 1B).

Biological strategy-type studies
In the U-Act-Early RCT, MTX-naive patients were randomised
to TCZ+MTX, TCZ monotherapy or MTX monotherapy using
a treat-to-target approach.23 The primary analysis (number of
people achieving sustained DAS28<2.6 by the originally
assigned treatment) was higher in the TCZ+MTX or TCZ
monotherapy groups than the MTX monotherapy group (86%
vs 84% vs 44%). In the clinically more relevant second analysis,
and co-primary endpoint, which addresses the entire study
period, the initial differences between the groups were no longer
seen with the addition of TCZ in the MTX monotherapy group
following a treat-to-target approach (86% vs 88% vs 77%).
In TACIT, a non-inferiority RCT in MTX-IR RA who had
failed MTX and another csDMARD,24 patients were randomised to either a strategy of TNFi-start, followed by a switch to
a second bDMARD in case of no response, or to a strategy of
combination csDMARD therapy, followed by the start of a
bDMARD in case of non-response. The change in Health
Assessment Questionnaire (HAQ) score after 12 months
(primary endpoint) was not inferior for the strategy starting
with combination csDMARD versus the strategy starting with
TNFi (−0.45 vs −0.3). While earlier clinical responses were
seen in the TNFi strategy, a status of DAS28<2.6 at 12 months
was met by slightly more patients in the TNF start group than
in the csDMARD group (44% vs 35%). Of note this was an
open-label study with a (too) large non-inferiority margin that
importantly limits its interpretability. Thus, the study had a high
risk of bias. Adverse events were more frequently found in the
csDMARD combination group.
Ten-year data from all four arms of the BeSt trial suggested
that a high proportion of patients (53%) maintain long-term
remission, either on drugs or drug free, and had very limited
10-year radiographic progression, conﬁrming the effectiveness
of early DMARD treatment together with a treat-to-target
approach.25
The results of the newer RCTs are therefore in accordance
with the previously formulated standpoint that strategies aiming
at benchmarking disease activity and intensifying treatment
when clinical remission or low disease activity is not yet reached
may lead to favourable outcomes (LOE: 1B).

Switching between bDMARDs in TNFi-IR RA
Previous meta-analyses of RCTs had already demonstrated efﬁcacy of all bDMARD classes in patients failing a TNFi
(TNFi-IR) (LOE: 1A).7 26 To date, new bDMARD switching
trials of this type could not be found.
Patients from the DREAM cohort, who had failed a ﬁrst
TNFi and had DAS28≥3.2, were randomised to receive ABT or
RTX, or a second TNFi in a trial with a non-inferiority design.
The mean (SD) 12-month DAS28 were 3.8 (1.2) versus 3.4
(1.2) versus 3.5 (1.5) in the ABT, RTX and TNFi groups,
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respectively.27 In the ROC trial, patients who failed their ﬁrst
TNFi were randomised to either a second TNFi or to another
mode of action bDMARD (ABT, RTX or TCZ).28 At week 48,
EULAR good response was 60% with a non-TNFi bDMARD
versus 43.2% for a second TNFi.
The results of the newer RCTs are in accordance with the previously formulated standpoint that patients who have failed
their ﬁrst TNFi may expect beneﬁt from a second TNFi or from
a non-TNFi biological (LOE: 1A). There is insufﬁcient evidence
to prioritise either strategy.

Biological DMARD stopping or dose reduction
Biological DMARD stopping
In patients with MTX-naive RA, the AVERT trial11 showed that
patients with DAS28<3.2 on ABT+MTX, ABT or MTX maintained their drug-free status (DAS28<2.6, both at 12 and
18 months) in only 14.8% after stopping ABT+MTX, 12.4%
after stopping ABT and 7.8% after stopping MTX.
In patients with MTX-IR RA, in the ENCOURAGE study,
patients with DAS28<2.6 on ETN+MTX at 6 and 12 months
were randomly assigned to strategies stopping or continuing
their treatment. There were higher proportions of patients with
DAS28<2.6 when continuing medication (88%) versus withdrawing ETN and continuing MTX (54%).29
In patients with MTX-IR RA that had participated in the
ACT-RAY study, a follow-up study showed that in those with
sustained DAS28<2.6 and discontinued TCZ only 38.4% of
the TCZ+MTX group and 35.1% of the TCZ monotherapy
group maintained that state for an average of 3 months.30 The
majority of those who lost response (84%) responded well to
TCZ reintroduction, but 16% did not.
The results of the newer RCTs are in accordance with the previously formulated standpoint that a variable but relatively low
proportion of patients who have sustained low disease activity
or remission on a strategy with a bDMARD can stop that
bDMARD (and continue MTX) without losing their status of
low disease activity/remission (LOE: 2B).

Biological DMARD dose reduction
In MTX-naive RA patients, in a substudy of AGREE, patients
with a DAS28 erythrocyte sedimentation rate (DAS28-ESR)
<2.6 at year 2 on ABT 10 mg/kg+MTX were randomised to
ABT 10 mg/kg (full dose)+MTX versus ABT 5 mg/kg (half
dose)+MTX.31 Similar relapse rates were seen in both groups
(31% in the ABT 10 mg/kg and 34% in the 5 mg/kg groups).
The open-label non-inferiority DRESS RCT, in which patients
in stable low disease activity on ADA or ETN were randomised
to usual care or a dose reduction strategy (stepwise increase in
injection intervals), showed that continuation versus dose reduction led to similar rates of ‘major ﬂare’ (10% vs 12%).32
In the OPTIRRA RCT, patients in stable (3 months) low
disease activity (DAS28<3.2) on ADA or ETN were randomised
to continue ADA or ETN, taper ADA or ETN by 33% or taper
ADA or ETN by 66%.33 Similar ﬂare rates were seen in the continuation and ADA or ETN 33% tapering group (14% vs 13%),
but a higher rate in the ADA or ETN 66% tapering group (37%).
The SMART34 study, in which TNFi-IR RA patients who
achieved a EULAR (moderate or good) response on standard
dose RTX were randomised to receive RTX 1000 mg once or
RTX 1000 mg twice, suggested non-inferiority of both strategies
(adjusted mean difference in DAS28-C reactive protein (DAS28CRP) area under the curve 51.4 (95% CI −13.2 to 234)).
The results of the newer RCTs are in accordance with the previously formulated standpoint that a signiﬁcant proportion of
1110

patients who have sustained low disease activity on a strategy
with a bDMARD can taper that bDMARD (and continue MTX)
without losing their status of low disease activity and that reducing the dose of the bDMARD by up to 50% or increasing the
interval between doses accordingly conveys similar results as
continuing full dose (LOE: 2B).

bDMARDs in comparison to new therapies
Existing bDMARDs versus new targeted synthetic DMARDs
In the MTX-IR RA-BEAM study, comparing ADA+MTX versus
the tsDMARD baricitinib+MTX versus placebo+MTX, showed
small but signiﬁcantly lower responses for ADA+MTX versus
baricitinib+MTX, but both were higher than placebo+MTX
(DAS28-CRP<2.6 19% vs 24% vs 4%) at week 12.35

New biological DMARDs
Several new bDMARDs targeting well-known targets have
undergone phase II or III clinical trials in MTX-IR or
mixed-DMARD-IR RA patients and have consistently shown
superiority in clinical responses versus placebo. These include
the human interleukin (IL)-6-receptor-inhibitor sarilumab,36 the
humanised anti-IL6 clazakizumab,37 the human anti-IL6 sirukumab38 and also the granulocyte-monocyte colony stimulating
factor receptor alpha inhibitor (GMCSFrα-i) mavrilimumab.39
On the other hand, bDMARDs targeting the IL12/
23p40-pathway (ustekinumab),40 the IL23p19-pathway (guselkumab)40 and the B-cell-activating factor (tabalumab)41–43 have
not demonstrated clinical efﬁcacy over placebo in RA.
Studies have also formally demonstrated efﬁcacy for sirukumab38 and sarilumab44 in patients previously exposed to other
bDMARDs.

Biosimilar DMARDs
The long-term observational study of the PLANETRA trial has
suggested sustained efﬁcacy of those treated with the
bsDMARD IFX CT-P13.45 IFX CT-P13 also demonstrated clinical efﬁcacy in another RCT of MTX-IR RA.46 Efﬁcacy was also
formally proven in placebo-controlled RCTs with the ADA
bsDMARDs ABP50147 and SB5,48 with the ETN bsDMARDs
HD20349 and SB4,50 with the IFX bsDMARD SB251 and with
the RTX bsDMARD BCD-020.52
The results of the newer RCTs are in accordance with the previously formulated standpoint that targeting the IL6-pathway,
now including also the IL-6 ligand, may provide beneﬁts to
patients, that targeting the cytokine GMCSF is potentially beneﬁcial to patients and that bsDMARDs are as effective biologicals as
the originator bDMARDs in the treatment of patients with RA.

DISCUSSION
This review on bDMARDs in RA aimed to provide a systematic
update of the body of evidence available for the treatment of
patients with RA with bDMARDs. It only includes new data
from 2013 onwards. These data were presented to the expert
committee that convened to discuss the 2016 update of the
EULAR recommendations on the (drug) management of patients
with RA.53
The results of this SLR conﬁrmed the efﬁcacy of bDMARDs
in combination with a csDMARD (ADA, CZP, ETN, GLM, IFX,
ABT, RTX and TCZ but not ANA).13 Combination therapy
(bDMARD+csDMARD) was in general again found to be
superior to bDMARD monotherapy.
Remarkably, we did not ﬁnd any new ‘head-to-head’ trial
with bDMARDs published after 2013 in this highly competitive
ﬁeld of high-cost drug treatment in RA. Investigators of
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sponsored trials usually sought (reconﬁrmation of ) superiority
over placebo or engaged in low-commercial-risk strategy trials
that reconﬁrmed the already inarguable efﬁcacy of their
bDMARD over placebo.
What is needed in the ﬁeld of RA, known for its high number
of very effective but costly treatments, is a proper evidence-based
prioritisation of the drugs we have available. Guideline committees such as ours have to base their consensus on solid data stemming from direct comparisons of treatments. In the absence of
high-quality direct comparisons, methodologists and (company)
statisticians ﬁnd escape routes in indirect comparisons and
network meta-analyses. We will not dispute the modest merits of
network meta-analyses, but warn against the careless interpretation of their results, since no (network) meta-analysis is methodologically better than the weakest trial contributing to it.
The most important ﬁndings in this update SLR were as
follows: patients on MTX monotherapy achieved sustained
remission when following a treat-to-target strategy.23 Results
from new strategy studies23 24 in this regard support those from
previous RCTs1 3 and allow a ﬁrm conclusion: a treat-to-target
approach, escalating csDMARD therapy and adding a
bDMARD in cases of non-response, is an effective approach.
New trials in patients who have failed their ﬁrst TNFi show
that switching to a second bDMARD ‘makes sense’. However,
the current RCTs do not help us in deciding if this second
bDMARD should be a TNFi DMARD or a non-TNFi DMARD.
Sparse data that are currently available are not convincing. It
may, for instance, be relevant that a patient has not had any
response to bDMARD from its initiation ( primary nonresponse) or that an initial response was lost over time (secondary non-response). Evidence from RCTs that may help answering
such questions is still lacking.
Recently we have faced the advent of several bsDMARDs.
Many of these have passed the hurdle of regulatory ‘biosimilarity’ and have entered the market or will do this soon. To date,
there is no scientiﬁc indication that these bsDMARDs, which
are already less expensive in some countries than their originator counterparts, are inferior to their ‘parents’ in efﬁcacy or
safety. In the absence of tangible distinctions between originator
bDMARDs and their bsDMARDs, future guideline committees
will likely base their priority on non-scientiﬁc arguments such as
drug costs.
In general, patients with RA that have achieved low disease
activity or remission are better off with continuation of their
treatment than with stopping, but many of the patients can successfully apply bDMARD dose reduction or interval increase,
and if a ﬂare occurs most of them will regain disease control
upon restarting their bDMARD. Prognostic factors that may
help determining which patient subgroups are able to
de-escalate therapy and achieve drug-free remission are
needed.54 Several studies have addressed these55–58 but we
could not ﬁnd RCTs in which patients had been stratiﬁed
according to prognostic factors for tapering.
Comparative data with the tsDMARD baricitinib suggested
superior efﬁcacy of baricitinib over ADA, but it remains to be
seen if this short-term gain remains over time. Obviously, longterm data on safety still have to be awaited before a proper valuation can take place. There were also several RCTs demonstrating efﬁcacy of new mode-of-action bDMARDs and bsDMARDs
in RA.
As before, the sole source of efﬁcacy studies in this SLR was
RCTs. While registry data may provide real-life efﬁcacy data,
these are prone to bias and have not been included in this SLR.
Registry data, however, are crucial to evaluate long-term drug

safety and have been used in the EULAR SLR addressing
DMARD safety.4
In conclusion, this literature review consistently conﬁrmed
the efﬁcacy of bDMARDs in RA. It provides some evidence for
bDMARD stopping and dose reduction, addressed the important topic of bDMARD switching in TNFi-IR RA and highlighted the advent of some new biological therapies.
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