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ABSTRACT
Objectives To review the evidence for the efficacy and
safety of biological agents in patients with rheumatoid
arthritis (RA) to provide data to develop treatment
recommendations by the European League Against
Rheumatism (EULAR) Task Force.
Methods Medline, Embase and Cochrane databases
were searched for relevant articles on infliximab (IFX),
etanercept (ETN), adalimumab (ADA), certolizumab-pegol
(CZP), golimumab (GLM), anakinra (ANA), abatacept
(ABT), rituximab (RTX) and tocilizumab (TCZ) published
between 1962 and February 2009; published abstracts
from the 2007–2008 American College of Rheumatology
(ACR) and EULAR conference were obtained.
Results 87 articles and 40 abstracts were identified.
In methotrexate (MTX) naïve patients, biological therapy
with IFX, ETN, ADA, GLM or ABT has been shown to
improve clinical outcomes (level of evidence 1B). In MTX/
other synthetic disease-modifying antirheumatic drug
(DMARD) failures all nine biological agents confer benefit
(1B), with lower efficacy noted for ANA. RTX, ABT, TCZ
and GLM demonstrate efficacy in tumour necrosis factor
inhibitor (TNFi) failures (1B). Less evidence exists for
switching between IFX, ETN and ADA (3B). Biological
and MTX combination therapy is more efficacious than
a biological agent alone (1B). A safety review shows no
increased malignancy risk compared with conventional
DMARDs (3B). TNFi are generally associated with an
increased risk of serious bacterial infection, particularly
within the first 6 months of treatment initiation; increased
tuberculosis (TB) rates with TNFi are highest with the
monoclonal antibodies (3B).
Conclusions There is good evidence for the efficacy of
biological agents in patients with RA. Safety data confirm
an increased risk of bacterial infection and TB with TNFi
compared with conventional DMARDs.
INTRODUCTION
Biological disease-modifying antirheumatic drugs
(DMARDs) for the treatment of rheumatoid arthritis (RA) have led to remarkable patient beneﬁts.
Initial development of cytokine-blocking treatments, tumour necrosis factor inhibitor (TNFi)
agents and an interleukin 1 (IL-1) receptor antagonist, has been followed by drugs targeting alternative molecules and pathways, including B-cell
depletion and T-cell costimulation agents. More
recently, drugs targeting the IL-6 receptor and

another two TNFi have been approved in the USA
or Europe, or both.
The aim of this systematic literature review (SLR)
was to assess the efﬁcacy and safety of these biological DMARDs to provide data to inform a European
League Against Rheumatism (EULAR) Task Force
charged with developing EULAR recommendations
for the management of RA with DMARDs.1

METHODS
Literature search
The scope of the literature search was outlined by
the EULAR Task Force. A subgroup of this committee (see author list) focused on the role of biological
DMARDs in the treatment of RA.
A systematic literature search was performed
from 1962 to February 2009 using Medline, Embase
and Cochrane databases. Studies evaluating nine
biological DMARDs: inﬂiximab (IFX), etanercept
(ETN), adalimumab (ADA), certolizumab-pegol
(CZP), golimumab (GLM), anakinra (ANA), abatacept (ABT), rituximab (RTX) and tocilizumab (TCZ)
were included. Abstracts were also obtained from
the 2007–8 American College of Rheumatology
(ACR) and EULAR conferences. Where full papers
of these abstracts were published online during this
period, the latter were obtained and used for data
extraction. Details of the search terms and search
strategy can be found in the online supplementary
material.

Study eligibility criteria
Existing meta-analyses and SLRs were obtained.
Where research questions were not covered by systematic reviews, original studies were found.
The criteria for study selection for efﬁcacy analysis
were (1) double-blind randomised controlled trials
(RCTs); (2) patients with RA; (3) studies evaluating one of the nine biological DMARDs mentioned
above; (4) trials of ≥6 months’ duration; (5) studies
with ≥50 patients; (6) publications in English.
Safety aspects were evaluated using information
from large cohorts with long-term follow-up data
rather than those from RCTs. Criteria used for study
selection to evaluate toxicity were (1) registries and
observational studies; (2) inclusion of a control
group; (3) report of incidence of events in the context of population-based expected incidences.
Ann Rheum Dis 2010;69:976−986. doi:10.1136/ard.2009.126573
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Data extraction
Data were extracted and checked independently by two of
the authors (JLN and MHB). Discrepancies were resolved by
discussion.
For efﬁcacy analysis, studies were grouped according to the
following patient categories consistent with current clinical
practice and trial design: (1) no prior DMARD use (DMARD
naïve); (2) no prior MTX use (MTX naïve); (3) inadequate
response to MTX (MTX-IR); (4) incomplete response to any synthetic DMARD which may not necessarily include MTX (mixed
DMARD-IR); (5) TNFi failure (TNF-IR).
Studies included and details of efﬁcacy outcome measures
extracted can be found in the online supplementary material.

Data analysis
Efﬁcacy data were analysed using Review Manager (RevMan
version 5.0, Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2008) software and expressed as
relative risks (RRs) or standardised mean differences (SMDs).
While these data were obtained and are depicted in the ﬁgures
for each individual drug, for the majority of biological agents
and most of the patient categories there were no major differences between the RR or SMD. Results of individual RCTs
were therefore also pooled using a Dersimonian and Laird
random-effects model; where appropriate, only these group
results are mentioned in the ‘Results’ section and readers are
referred to the ﬁgures for the results obtained for individual
biological agents. The number needed to treat (NNT) was also
calculated from the pooled results, which represent the number of patients who need to be treated with a drug to gain one
additional positive outcome.2 Statistical heterogeneity was
assessed using the I2 statistic. Toxicity data were not subject to
formal statistical analysis.
Levels of evidence were assigned according to the Oxford
Centre for Evidence-based Medicine levels of evidence (http://
www.cebm.net/index.aspx?o=1025, accessed 29 March 2010).

RESULTS
Of 11 458 published articles that were screened, 87 articles and
40 abstracts met inclusion criteria.
The efﬁcacy and safety data are summarised by addressing
clinical questions posed by the task force. Efﬁcacy outcomes
included in the article relate to signs and symptoms, with ﬁgures
for the ACR20 responses shown by way of example. Efﬁcacy
data for radiographic outcomes and physical function (Health
Assessment Questionnaire (HAQ)) will be mentioned—details
on these, other clinical outcomes and quality of life measures
(Physical Component Score and Mental Component Score of
the Short Form-36); fatigue (FACIT score) can be found in the
online supplementary material.

(1.1) In patients who have received no prior DMARDs (DMARD
naïve), what is the evidence for the efficacy of biological
DMARD therapy?
There were no studies fulﬁlling inclusion criteria for analysis in
this group. Although one RCT showed beneﬁt using IFX and
MTX versus MTX alone, fewer than 50 patients were studied.3 A larger open labelled strategy trial4 also assessed the
use of biological DMARDs in DMARD-naïve patients—and is
addressed in a SLR on the strategic approach to the management
of RA with DMARDs.4a (ref – Rachel’s SLR). Several studies in
the MTX-naïve group however include a large proportion of
DMARD-naïve patients and will be discussed here.
Ann Rheum Dis 2010;69:976−986. doi:10.1136/ard.2009.126573

(1.2A) In patients who have received no prior MTX (MTX
naïve), what is the evidence for the efficacy of biological
DMARD+MTX combination therapy?
RCTs of ﬁve biological DMARDs (ABT, ADA, ETN, GLM and
IFX) in MTX-naïve patients were included. Six-month ACR
response from one trial on GLM,5 showed superior efﬁcacy
when starting treatment with a biological DMARD+MTX versus MTX alone with RR for the ACR20 and 50 responses of 1.25
(95% CI 1.04 to 1.49) and 1.31 (95% CI 0.99 to 1.72), respectively (ﬁgure 1A). The pooled RR for the 12-month ACR20
response from four studies on ADA,6 7 ETN8 and IFX9 was 1.24
(95% CI 1.15 to 1.34) (I2=18%) with a NNT of 7.1 (95% CI
5.0 to 11.1). The overall RR for the 12-month ACR50 and 70
responses for ﬁve studies on ABT,10 ADA,6 7 ETN8 11 and IFX9
were 1.43 (95% CI 1.30 to 1.56) (I2=0%) and 1.63 (95% CI 1.45
to 1.83) (I2=0%) with NNT of 7.1 (95% CI 4.8 to 12.5) and NNT
of 6.3 (95% CI 5.0 to 7.7), respectively.
Disease Activity Score 28 (DAS28) remission rates were also
higher with the use of biological DMARD+MTX therapy in this
group with a pooled RR for DAS28 remission at 12 months of
1.78 (95% CI 1.57 to 2.02) (I2=0%) and a NNT of 5.9 (95% CI
4.5 to 8.3).
Radiographic data at 12 months showed less progression
for ABT,10 ADA,7 ETN8 and IFX9 in combination with MTX
than for MTX monotherapy. Rates of radiographic nonprogression were higher for ABT,10 ADA7 and ETN8 combination therapy.
Improvements in HAQ at 12 months were also greater for
ABT,10 ADA,6 7 and IFX9 in combination with MTX.

(1.2B) In patients who have received no prior MTX (MTX naïve),
what is the evidence for the efficacy of biological DMARD
monotherapy?
Six-month ACR responses from one trial on GLM5 showed similar efﬁcacy when starting treatment with a biological DMARD
versus MTX alone with the RR for the ACR20 and 50 responses
1.04 (95% CI 0.84 to 1.3) and 1.1 (95% CI 0.8 to 1.55), respectively. Twelve-month ACR20 responses from two studies on
ADA7 and ETN11 showed a RR=0.87 (95% CI 0.74 to 1.03) and
1.22 (95% CI 1.06 to 1.4), respectively; overall RR=0.98 (95% CI
0.76 to 1.26) (ﬁgure 1B). The RR for the ACR50 and 70 responses
from one study on ADA7 were 0.89 (95% CI 0.78 to 1.08) and
0.92 (95% CI 0.7 to 1.22).
Remission rates were also similar for biological DMARD
monotherapy compared with MTX in this group, with a RR for
DAS28 remission for one study on GLM5 at 6 months of 0.89
(95% CI 0.62 to 1.29) and 1.09 (95% CI 0.79 to 1.51) for another
on ADA at 12 months.7
Change in the modiﬁed Sharp score was lower for ADA7
than for MTX monotherapy at 12 months with greater numbers
achieving radiographic non-progression. From one RCT12 the
numbers of patients achieving non-progression were similar for
ETN and MTX.
HAQ scores at 12 months were similar for ADA and MTX
monotherapy.7

(1.3A) In patients who have had inadequate response to MTX
(MTX-IR), what is the evidence for the efficacy of biological
DMARD+MTX combination therapy?
Efﬁcacy data exist for all nine biological DMARDs studied in
the MTX-IR group (ﬁgure 2A). Six-month ACR responses
pooled from 16 trials,13–28 comparing a biological DMARD with
placebo in combination with background MTX showed overall
977
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Figure 1 (A) Risk ratios for the ACR20 responses at 12 months comparing the use of a biological disease-modifying antirheumatic drug (DMARD)
plus methotrexate (MTX)† versus MTX monotherapy†† in patients with early rheumatoid arthritis (RA) who are MTX naïve*. (B) Risk ratios for the
ACR20 responses at 12 months comparing the use of biological DMARD monotherapy† versus MTX monotherapy†† in patients with early RA who
are MTX naïve*. ACR, American College of Rheumatology; †, treatment; ††, control; *Klareskog 2004 TEMPO (6 years’ disease duration; > 2/3 MTX
naïve)[37]: RR=1.13 (95% CI 1.03 to 1.24).

RR for the ACR20, 50 and 70 at 6 months of 2.16 (95% CI 1.83
to 2.55) (I2=77%), 3.20 (95% CI 2.6 to 3.95) (I2=54%) and 4.82
(95% CI 2.43 to 9.57) (I2=33%), respectively. The corresponding
NNT were 3.2 (95% CI 2.4 to 4.0), 4.2 (95% CI 3.6 to 4.8) and
7.7 (95% CI 6.7 to 10.0). The RR for the 12-month ACR20, 50
and 70 responses pooled from seven studies on ABT,15 29 ADA,17
CZP,21 IFX,30 RTX26 and TCZ31 were 2.47 (95% CI 1.99 to 3.07)
(I2=72%), 3.64 (95% CI 2.74 to 4.83) (I2=52%) and 4.79 (95%
CI 3.65 to 6.29) (I2=0%), respectively. The corresponding NNT
were 3.0 (95% CI 2.6 to 3.6), 3.7 (95% CI 3.2 to 4.2) and 5.9
(95% CI 5.0 to 6.7).
The overall DAS28 remission rate at 6 months for four studies on ABT,29 CZP,22 GLM24 and RTX27 was 3.54 (95% CI 2.28
to 5.47) (I2=0%) with a NNT of 9.1 (95% CI 6.3 to 16.7). At
12 months DAS28 remission was also superior with biological
DMARD use in three studies of ABT15 29 and TCZ.31
Radiographic progression at 12 months was lower for patients
receiving combination therapy with MTX and ABT,15 ADA,17
CZP,21 IFX30 and TCZ31 versus control.

978

The 12-month improvement in HAQ scores was greater with
combination MTX and the biological DMARDs ABT,15 ADA,17
CZP21 and RTX32 versus control.

(1.3B) In patients who have had inadequate response to MTX
(MTX-IR), what is the evidence for the efficacy of biological
DMARD monotherapy?
Pooled RR from two trials on GLM24 and RTX26 for 6-month
ACR20, 50 and 70 responses were 1.43 (95% CI 1.06 to 1.93)
(I2=10%), 1.71 (95% CI 1.02 to 2.88) (I2=12%) and 2.32 (95% CI
1.09 to 4.54) (I2=0%), respectively, when starting treatment with
a biological DMARD monotherapy versus continuing MTX
(ﬁgure 2B). The corresponding NNT were 6.7 (95% CI 2.9 to
not estimable), 9.1 (95% CI 4.2 to not estimable) and 14.3 (95%
CI 7.7 to not estimable). RR for the 12-month ACR20, 50 and
70 responses from the study on RTX26 showed a RR=1.63 (95%
CI 0.76 to 3.49), 2.5 (95% CI 0.51 to 12.14) and 7 (95% C1 0.37
to 131.28). Numbers for the study, however, were small and
CI wide. ACR20, 50 and 70 responses at 24 months were 0.60
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(95% CI 0.15 to 2.34), 0.75 (95% CI 0.18 to 3.14) and 0.33 (95%
CI 0.04 to 3.07), respectively, showing similar efﬁcacy between
biological and synthetic DMARD monotherapy.

(1.4A) In patients who have had inadequate response to a
synthetic DMARD, not necessarily MTX (mixed DMARD-IR),

what is the evidence for the efficacy of biological+synthetic
DMARD combination therapy?
Six-month ACR20, 50 and 70 responses from four trials on
ADA,33 ETN,34 RTX35 and TCZ36 assessed the use of a biological
DMARD compared with placebo in combination with background synthetic DMARD therapy (ﬁgure 3A). Pooled RR for

A

Figure 2 Continued
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Figure 2 (A) Risk ratios for the ACR20 responses at 6 months comparing the use of a biological disease-modifying antirheumatic drug (DMARD)
plus methotrexate (MTX)† versus MTX monotherapy†† in patients with rheumatoid arthritis (RA) who are MTX incomplete responders. (B) Risk ratios
for the ACR20 responses at 6 months comparing the use of biological DMARD monotherapy† versus MTX†† in patients with rheumatoid arthritis (RA)
who are MTX incomplete responders. ACR, American College of Rheumatology; †, treatment; ††, control.

ACR20, 50 and 70 responses were 2.06 (95% CI 1.52 to 2.78)
(I2=82%), 3.19 (95% CI 2.38 to 4.27) (I2=43%) and 5.44 (95%
CI 3.74 to 7.91) (I2=0%), respectively. The corresponding NNT
were 3.2 (95% CI 0.2 to 5.3), 4.0 (95% CI 3.0 to 5.9) and 6.3
(95% CI 5.0 to 8.3). Twelve-month RR for ACR20, 50 and 70
responses from one study on ETN37 were 1.13 (95% CI 1.03 to
1.24), 1.60 (95% CI 1.35 to 1.90) and 2.27 (95% CI 1.67 to 3.09),
respectively. DAS remission at 6 months from the same study
showed a RR=2.2 (95% CI 1.50 to 3.22) for combination therapy with ETN versus MTX alone. The RR for DAS and DAS28
remission at 12 months were 2.65 (95% CI 1.85 to 3.81) and
2.23 (95% CI 1.65 to 3.06), respectively.
Radiographic progression at 12 months was lower and numbers achieving non-progression higher for combination therapy
with ETN+MTX versus MTX alone.37
Greater improvements were seen in HAQ scores at 6 months
with RTX35 and TCZ36 combination therapy than with synthetic DMARD alone.

(1.4B) In patients who have had inadequate response to a
synthetic DMARD, not necessarily MTX (mixed DMARD-IR),
what is the evidence for the efficacy of biological DMARD
monotherapy?
Six-month ACR20 responses from six trials on ADA,38 ANA,39
CZP40,ETN34 41 and TCZ42 showed a pooled RR=2.50 (95% CI
1.56 to 4.02) (I2=90%) and NNT of 3.2 (95% CI 2.4 to 5.3) comparing treatment with a biological DMARD with control; in three
studies38 39 41 the control group received placebo alone with no
synthetic DMARD (ﬁgure 3B). The overall RR for the 6-month
ACR50 and 70 responses for ADA,38 CZP,40 ETN34 41 and TCZ42
were 3.51 (95% CI 1.57 to 7.84) (I2=88%) and 5.50 (95% CI 0.9 to
33.56) (I2=0%), respectively with corresponding NNT of 4.3 (95%
CI 3.2 to 7.1) and 7.1 (95% CI 5.3 to 12.5). Twelve-month ACR20,
50 and 70 responses from 1 study on ETN37 showed a RR=1.01
(95% CI 0.91 to 1.12), 1.12 (95% CI 0.91 to 1.37) and 1.28 (95%
CI 0.9 to 1.02).
The RR for DAS28 remission for one study on TCZ42 as
monotherapy compared with MTX at 6 months was 2.81 (95%
CI 1.92 to 4.12). At 12 months, the RR for DAS28 remission in 1
study, ETN44 was 1.02 (95% CI 0.68 to 1.53).
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At 12 months radiographic progression was lower for ETN37
and TCZ43 monotherapy compared with synthetic DMARD
alone and for ANA45 compared with placebo.
Six-month improvements in HAQ were greater for ADA38
and ANA39 than placebo, and for CZP46 than synthetic
DMARD.

(1.5) In patients who have had inadequate response to a
TNF inhibitor (TNF-IR), what is the evidence for the efficacy
of combination therapy with an alternative biological
DMARD+MTX?
In patients for whom ADA, ETN and IFX have failed, the search
found no RCTs on switching between these three established
TNFi. A literature review by Carmona et al47 documented 29
reports on switching from one TNFi to another in RA. Overall,
the data indicated beneﬁt of switching from a ﬁrst TNFi to a
second; with switching for secondary non-response likely to
be more effective. A systematic review by Lopez-Olivo et al48
reported similar ﬁndings.
Several RCTs have evaluated non-TNF targeted biological
DMARDs after TNFi failure, and most recently an alternative TNFi has also been assessed; ABT,49 GLM,39 RTX50 and
TCZ51 have all shown efﬁcacy. Overall RR for the ACR20, 50
and 70 responses at 6 months when comparing the addition
of an alternative biological DMARD to an existing synthetic
DMARD with continuing a synthetic DMARD alone were
2.78 (95% CI 2.28 to 3.38) (I2=10%), 5.00 (95% CI 3.45 to 7.24)
(I2=0%) and 8.27 (95% CI 3.65 to 18.76) (I2=0%), respectively
(ﬁgure 4). The corresponding NNTs were 3.4 (95% CI 2.4 to
4.2), 5.6 (95% CI 4.8 to 6.7) and 11.1 (95% CI 9.1 to 14.3). The
RR for achieving low disease activity for ABT,49 RTX50 and
TCZ51 at 6 months was 6.59 (95% CI 4.01 to 10.82) (I2=0%);
RR for DAS28 remission for TCZ51 was 10.02 (95% CI 3.20 to
31.42).
Six-month radiographic progression was lower with RTX
combination therapy than with control.50
Improvement in HAQ at 6 months was higher with a synthetic DMARD plus ABT,36 49 GLM,52 RTX50 or TCZ53 than a
control.
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Figure 3 (A) Risk ratios for the ACR20 responses at 6 months comparing the use of a biological plus synthetic disease-modifying antirheumatic drug
(DMARD)† versus synthetic DMARD monotherapy†† in patients for whom a synthetic DMARD (not necessarily MTX) has failed. (B) Risk ratios for the
ACR20 responses at 6 months comparing the use of biological DMARD monotherapy† versus synthetic DMARD monotherapy/placebo†† in patients
for whom a synthetic DMARD (not necessarily MTX) has failed. ACR, American College of Rheumatology; †, treatment; ††, control.

Ann Rheum Dis 2010;69:976−986. doi:10.1136/ard.2009.126573
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(2) Is combination therapy with a biological agent plus MTX
better than biological DMARD monotherapy?
Data from three studies on ADA,7 ETN37 and RTX26 showed
pooled RR for 12-month ACR20, 50 and 70 responses of 1.31
(95% CI 1.05 to 1.64) (I2=81%), 1.49 (95% CI 1.32 to 1.68)
(I2=4%) and 1.77 (95% CI 1.48 to 2.12) (I2=0%), respectively
(ﬁgure 5). The corresponding NNT were 5.9 (95% CI 3.6 to 14.3),
4.8 (95% CI 3.7 to 6.7) and 6.3 (95% CI 4.2 to 14.3). Overall RR
for DAS28 remission for two studies on ADA7 and ETN37 at 12
months was 1.98 (95% CI 1.62 to 2.42) (I2=0%) and the NNT
was 5.0 (95% CI 3.8 to 6.7). These ﬁndings are further supported
by long-term data on ETN54 and ADA55 showing higher DAS/
DAS28 remission rates and less radiographic progression with
initial biological and synthetic DMARD combination therapy
than with monotherapy.54 One RCT on TCZ also showed beneﬁt with combination with MTX compared with TCZ alone—
however, as the study was less than 6 months’ duration it did
not fulﬁl inclusion criteria for formal analysis.56
Radiographic progression at 12 months was lower for combination therapy for ADA7 plus MTX versus ADA monotherapy
and ETN plus MTX37 versus ETN alone. Improvements in HAQ
was also greater with ADA7 and MTX combination therapy versus ADA alone.

(3) What are the safety concerns to consider when starting a
biological DMARD?
Longer-term data evaluating the safety of biological DMARDs
have become available with their increasing use. The majority
of the evidence pertains to IFX, ETN and ADA.
A summary of the ﬁndings relating to speciﬁc safety aspects
will be presented in this article. Further details with tables including reported standardised incidence ratios and RRs are available
in the online supplementary material.

Infections
Six published papers and two abstracts from registries and retrospective studies regarding infection were reviewed (table 7,
online supplementary section).
Several registries and databases have documented an
increased risk of serious bacterial infections with the use of biological DMARDs compared with patients not treated with these
drugs57 58; in particular, increased rates of pneumonia were seen,
greatest within ﬁrst 6 months of treatment initiation.57 58 HAQ,
older age, comorbidity and past hospitalisation predicted subsequent hospitalisation for infection.58 Data published by Wolfe
et al59 suggested a greater hospitalisation risk for pneumonia in
patients with RA receiving prednisolone rather than with the
use of TNFi and MTX.
UK registry data60 have shown increased rates of serious skin
and soft tissue infections with TNFi, and when limiting analysis
to the ﬁrst 90 days after the start of biological agents, found
signiﬁcantly increased risks for all serious infections when compared with synthetic DMARDs.61 No difference in infection
rates between ADA, ETN or IFX was reported. From French
registry data62 an increase in the risk of Legionella has been
reported in patients receiving TNFi compared with the general
population.
Long-term, open-label studies with ETN showed no difference in rates of serious infections when compared with patients
receiving MTX/placebo.63

Tuberculosis
Four published papers and three abstracts from registries and retrospective studies regarding TB were reviewed (table 8, online
supplementary section).
Spanish,64 US,65 Swedish66 and Korean67 registry data have
shown an increased incidence of tuberculosis (TB) with TNFi

Figure 4 Risk ratios for the ACR20 responses at 6 months comparing the use of a biological disease-modifying antirheumatic drug (DMARD) plus
methotrexate (MTX)† versus MTX†† in patients with rheumatoid arthritis (RA) who are tumour necrosis factor inhibitor incomplete responders. ACR,
American College of Rheumatology; †, treatment; ††, control.
982
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Figure 5 Risk ratios for the ACR20 responses at 6 months comparing the use of a biological plus synthetic disease-modifying antirheumatic drug
(DMARD)† versus biological DMARD monotherapy†† in RA. ACR, American College of Rheumatology; †, treatment; ††, control.
compared with the general population and with patients with
RA not receiving TNFi. Incidence rates were also reported to
be higher for IFX and ADA compared with ETN in several
cohorts68–70 TB risks decreased with the introduction of screening measures and prophylaxis for those with latent TB infection
before the start of TNFi therapy.68

Malignancy
Five published papers and seven abstracts on malignancy were
reviewed (table 9, online supplementary section).
Data from US, Canadian, Swedish, German, Spanish and UK
registries71–79 and long-term, open-label extension data on ADA80
and ETN63 have shown no overall increased risk of malignancy.
Although an increased occurrence of non-melanoma skin cancer, central nervous system tumours and colorectal cancer was
suggested in the Swedish cohort, numbers were small and not
found to be statistically signiﬁcant.73
Within the group of non-TNFi biological DMARDs, the risk
of malignancy for patients receiving ABT has been reported to
be no greater than for the general population or patients with
RA receiving non-biological DMARDs.81 (Details on lymphoma
can be found on the online supplementary section including
table 14.)

Interstitial lung disease
One published paper and one abstract from registries on interstitial lung disease (ILD) were reviewed (table 11, online supplementary section).
Analysis of data by Wolfe et al82 showed no increase in the
risk of development of new ILD on treatment; HR were 0.7
(0.4; 1.3) for IFX and 0.9 (0.4; 1.7) for ETN. From UK registry data83 baseline RA-ILD, irrespective of TNFi therapy, was
a predictor of increased all-cause mortality. In patients with
baseline RA-ILD, TNFi were associated with a worse all-cause
and RA-ILD-speciﬁc mortality; standardised mortality ratio
2.93 (95% CI 2.14 to 3.99) compared with those receiving
TNFi without ILD at baseline.

Ann Rheum Dis 2010;69:976−986. doi:10.1136/ard.2009.126573

DISCUSSION
Optimal use of complex and effective biological agents warrants
a systematic review of the literature. This analysis provided
data to inform treatment recommendations for the EULAR
Task Force. In essence, it demonstrates the beneﬁts of biological
DMARDs, conﬁrming a favourable efﬁcacy/safety proﬁle and
highlights areas in need of further evaluation.
In particular, it shows that few studies have formally evaluated the use of biological DMARDs in DMARD-naïve patients,
with one pilot study showing beneﬁt with combination IFX
therapy.3 Further efﬁcacy data, however, may be extrapolated from studies in the MTX-naïve group: MTX is often
the ﬁrst preferred synthetic DMARD and, where reported,
between 50%11 and 97%10 of patients in these RCTs were
also DMARD naïve. An Oxford based level of evidence 2B has
therefore been assigned for efﬁcacy of biological DMARDs in
this group.
In contrast, biological DMARDs have been more systematically evaluated in patients who are either (1) MTX naïve; (2)
MTX failures and (3) other synthetic DMARD failures, with
RCT data providing evidence for each of these groups (Oxford
level of evidence 1B). Several SLRs and meta-analyses provide
further supportive evidence (level 1A) for IFX,84 85 ETN86 and
ADA87 individually and as a group of established TNFi,88–96
for ANA,89 93–96 ABT97–99 and TCZ100 for the use of biological
DMARDs in patients with RA. Less efﬁcacy has been noted for
ANA in several meta-analyses,89 93–96 than for the other biological DMARDs.
Although the RR for the use of biological DMARDs is generally higher in the groups for whom synthetic DMARDs have
failed compared with those who were MTX naïve, different
treatment comparisons are relevant; the former group compares
the use of a new treatment—the biological DMARD—with an
existing failed synthetic DMARD (therefore essentially, a placebo-controlled trial), whereas the latter group compares the start
of two new treatment regimens—a biological DMARD in the
treatment arm and a synthetic DMARD (usually MTX) in the
comparator group.
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Response to a TNFi is not universal30; there may be beneﬁt
from switching to an alternative TNFi, although the literature
on this comprises smaller, non-controlled studies (level of evidence 3B). The newer biological DMARDs (ABT, RTX and TCZ)
and, most recently, the newer TNFi GLM, have demonstrated
efﬁcacy compared with placebo in this TNFi-resistant group
(level of evidence 1B). The decision on which agent to switch
to after initial TNFi failure still remains unclear with no head-tohead comparisons undertaken to date.
Use of the biological DMARDs has been evaluated both as
monotherapy and in combination with concomitant synthetic
DMARDs. Review of the literature conﬁrms the efﬁcacy of
combination therapy. In patients who may not tolerate MTX
or another synthetic DMARD, however, biological DMARD
monotherapy—with the exceptions of ABT (for which no
RCT data were available) and IFX—has demonstrated efﬁcacy.
It also substantiates the superiority of combination treatment
over biological DMARD monotherapy with particular evidence
for the TNFi7 and RTX26 (level of evidence 1B), supporting this
approach wherever possible. Although a 20-week study56 has
demonstrated efﬁcacy of both TCZ monotherapy and combination therapy, further comparative studies assessing synergy
of TCZ with a synthetic DMARD compared with TCZ monotherapy have not been undertaken to date.
The use of biological DMARDs has raised new problems
and concerns, including those of safety. This review conﬁrms
an overall increased risk of serious bacterial infections with
biological DMARDs compared with non-biological treated
patients, appearing greatest within the ﬁrst 6 months of treatment initiation. Increased TB risk with TNFi is higher for
patients treated with monoclonal antibodies (level of evidence
3B). Minimal data exist on TB risk in patients treated with
non-TNF biological therapies but to date this risk seems to be
limited. The concerns of the increased risk of malignancy have
not been borne out from registries or long-term follow-up of
patients receiving biological DMARDs—a similar pattern of
malignancy to those not taking biological DMARDs has been
seen (level of evidence 3B). The risk of solid cancers including
skin cancer is largely similar to the risk for other patients with
RA.73–76
We acknowledge that there are several limitations to this literature review. To evaluate the efﬁcacy of all the current biological DMARDs, data on outcomes were extracted and results
pooled. Studies were grouped and statistical methods applied
to minimise heterogeneity. Trials, however, differed to various
degrees in their patient selection, study design, inclusion criteria
and treatment regimens. Accordingly, the pooled risk estimates
across studies should be interpreted with caution and direct
head-to-head comparisons between the biological DMARDs
cannot be made. Nevertheless, it is clear that there is good evidence for the overall beneﬁt of biological DMARDs in RA.
In summary, review of the literature conﬁrms the efﬁcacy of
biological DMARDs in the treatment of RA. Continued vigilance and recording of future safety signals is important as well
as the collection of safety data on the more recently introduced
non-TNF biological DMARDs. Future studies should provide
additional guidance for the use of biological DMARDs in early
RA as well as the management of those for whom TNFi fail.
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