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A B S T R A C T

Background

The biologic disease-modifying anti-rheumatic drugs (DMARDs) are very effective in treating rheumatoid arthritis (RA), however
there is a lack of head-to-head comparison studies.

Objectives

To compare the ef�cacy and safety of abatacept, adalimumab, anakinra, etanercept, in
iximab, and rituximab in patients withRA.

Methods

This `Overview of Reviews' was done by including all Cochrane Reviews on Biologics for RA available inThe Cochrane Library. We
included only data on standard dosing regimens for these biologic DMARDs from placebo-controlled trials. The primary ef�cacyand
safety outcomes were ACR50 and withdrawals due to adverse events. We calculated Risk Ratios (RR) for ef�cacy, Odds Ratio (OR) for
safety and combined estimates of events across the placebo groups as the expected Control Event Rate (CER). Indirect comparisons
of biologics were performed for ef�cacy and safety using a hierarchical linear mixed model incorporating the most important study-
level characteristic (i.e. type of biologic) as a �xed factor and study as a random factor; reducing the between study heterogeneity by
adjusting for the interaction between the proportion of patients responding on placebo and the duration of the trial.

Main results

From the six available Cochrane reviews, we obtained data from seven studies on abatacept, eight on adalimumab, �ve on anakinra,
four on etanercept, four on in
iximab, and three on rituximab.

The indirect comparison estimates showed similar ef�cacy for the primary ef�cacy outcome for all biologics with three exceptions.
Anakinra was less ef�cacious than etanercept with a ratio of RRs(95% CI; P value) of 0.44 (0.23 to 0.85; P = 0.014); anakinra was less
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ef�cacious than rituximab, 0.45 (0.22 to 0.90; P = 0.023); and likewise adalimumab was more ef�cacious than anakinra, 2.34 (1.32to
4.13; P = 0.003).

In terms of safety, adalimumab was more likely to lead to withdrawals compared to etanercept, with a ratio of ORs of 1.89 (1.18to 3.04;
P = 0.009); anakinra more likely than etanercept, 2.05 (1.27 to 3.29; P = 0.003); and likewise etanercept less likely than in
iximab,
0.37 (0.19 to 0.70; P = 0.002).

Authors' conclusions

Based upon indirect comparisons, anakinra seemed less ef�cacious than etanercept, adalimumab and rituximab and etanercept seemed
to cause fewer withdrawals due to adverse events than adalimumab, anakinra and in
iximab. Signi�cant heterogeneity in characteristics
of trial populations imply that these �nding must be interpreted with caution. These �ndings can inform physicians and patients
regarding their choice of biologic for treatment of RA.

P L A I N L A N G U A G E S U M M A R Y

Biologics for rheumatoid arthritis: an overview of Cochrane reviews

This summary of a Cochrane review presents what we know from research about the effect of biologics on Rheumatoid Arthritis (RA).

The review shows that in people with RA;

- abatacept, adalimumab, etanercept, in
iximab, and rituximab probably improve signs of rheumatoid arthritis such as thenumber
of tender or swollen joints and other outcomes such as pain and disability.

- anakinra probably improve signs of rheumatoid arthritis such as the number of tender or swollen joints and other outcomessuch
as pain and disability (but not as well as the others).

We do not have precise information about possible side effectsand complications. This is particularly true for rare but serious side
effects. Possible side effects may include a serious infection or upper respiratory infection. Rare complications may include certain types
of cancer.

What is Rheumatoid arthritis (RA) and what are biologics?

When you have rheumatoid arthritis, your immune system, whichnormally �ghts infection, attacks the lining of your joints making
them in
amed. This in
ammation causes your joints to be hot, swollen, stiff, and painful. The small joints of your hands and feet
are usually affected �rst. If the in
ammation goes on withouttreatment, it can lead to damaged joints. Once the joint is damaged it
cannot be repaired, so treating rheumatoid arthritis early is important.

Biologics are a group of medications that suppress the immune system and reduce the in
ammation in the joints. Even though
suppressing the immune system can make it slightly harder to �ght off infections, it also helps to stabilize an overactive immune system.
By reducing the in
ammation, the aim is to help prevent damageto the joints.

Best estimate of what happens to people with rheumatoid arthritis who take biologics:

ACR 50 (number of tender or swollen joints and other doctor or patient assessed aspects of rheumatoid arthritis)

Among people who took abatacept, 47 people out of 100 experienced improvement in the signs of their rheumatoid arthritis compared
to 21 people out of 100 who took a placebo (26% absolute improvement).

Among people who took adalimumab 63 people out of 100 experienced improvement in the signs of their rheumatoid arthritis
compared to 21 people out of 100 who took a placebo (42% absolute improvement).

Among people who took anakinra 27 people out of 100 experienced improvement in the signs of their rheumatoid arthritis compared
to 21 people out of 100 who took a placebo (6% absolute improvement).

Among people who took etanercept 61 people out of 100 experienced improvement in the signs of their rheumatoid arthritis compared
to 21 people out of 100 who took a placebo (40% absolute improvement).

Among people who took in
iximab 45 people out of 100 experienced improvement in the signs of their rheumatoid arthritis compared
to 21 people out of 100 who took a placebo (24% improvement).
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Among people who took rituximab 60 people out of 100 experienced improvement in the signs of their rheumatoid arthritis compared
to 9 people out of 100 who took a placebo (51% improvement).

Side effects

Among people who took adalimumab 8 people out of 100 dropped out of the study because of the side effects compared to 5 people
out of 100 who took a placebo (3% absolute difference).

Among people who took anakinra 9 people out of 100 dropped outof the study because of the side effects compared to 5 people out
of 100 who took a placebo (4% absolute difference).

Among people who took in
iximab 11 people out of 100 dropped out of the study because of the side effects compared to 5 people
out of 100 who took a placebo (6% absolute difference).

There may be little or no difference in people who dropped out because of side effects with abatacept, etanercept, and in
iximab
compared to people who took a placebo (fake pill).

B A C K G R O U N D

Description of the condition

Rheumatoid arthritis (RA) is a systemic in
ammatory diseasechar-
acterized by in
ammation of the synovial lining of the joints, ten-
dons and periarticular structures (Lee 2001). RA affects 0.5% to
1.0% of the population in Western countries (Kvien 2004). Un-
treated, RA leads to joint destruction, functional limitation and
severe disability (Odegard 2005; Yelin 2007) and has a signi�cant
impact on health-related quality of life (HRQoL) (Kvien 2005;
Lubeck 2004).
Treatment options for rheumatoid arthritis include non-
steroidal anti-in
ammatory drugs (NSAIDs), glucocorticoids, tra-
ditional DMARDs (disease-modifying anti-rheumatic drugs, e.g.
methotrexate, sulfasalazine, hydroxychloroquine, le
unomide, cy-
closporine) and biologic DMARDs. The use of DMARDs leads
to an improvement in pain and functioning for patients with
RA as well as more long-term outcomes such as reduced radio-
graphic progression (Finckh 2006; Pincus 2002) and disability (
Cash 1994; Strand 2008).

Description of the interventions

The introduction of biologic DMARDs has revolutionized the
management of RA. Biologic DMARDs, although not achiev-
ing remission often, provide clinically important improvement
in pain and function in patients not responding to traditional
DMARDs such as methotrexate. Biologic DMARDs appear to
have fewer side-effects and have much greater success in slowing
structural joint destruction than methotrexate. Biologics are much
more costly than traditional DMARDs.

Biologic DMARDs are commonly used for patients with sub-
optimal response or intolerance to traditional DMARDs such as
methotrexate (MTX). Many DMARDs are used in combination
with MTX in patients with a suboptimal response to MTX. The
biologic DMARDs include three tumor necrosis factor inhibitors (
Scott 2006): in
iximab (REMICADE, approved 1998 in the U.S.)
(FDA 1999), etanercept (ENBREL, approved 1998) (FDA 1998),
and adalimumab (HUMIRA, approved, 2002) (FDA 2002); anti-
CD28 therapy - abatacept (ORENCIA, approved 2005) (FDA
2005; FDA 2008a); anti-IL1 therapy - anakinra (KINERET, ap-
proved 2001) (FDA 2001); and anti-B-cell therapy - rituximab
(RITUXAN/MABTHERA, approved 1997 for lymphoma and
2006 for RA) (Drugs 2006). These biologic DMARDs have been
approved for use in RA patients internationally, although the in-
dications for use differ slightly between countries.

How the intervention might work

The mechanism of action of the biologic DMARDs is summarized
in the individual Cochrane systematic reviews and is not repeated
here for brevity. The systemic and joint in
ammation in RA isme-
diated by activation of T-cells (Cope 2008), B-cells, macrophages
(Szekanecz 2007), and other immune cells (Woolley 2003). These
interactions lead to expression of chemokines, metalloproteinases
and in
ammatory cytokines such as tumor necrosis factor-alpha
(TNF-alpha) and various interleukins (IL) (Brennan 2008; Choy
2001). Interaction of lymphocytes and in
ammatory cytokines
with host cells such as �broblasts, osteoclasts and chondrocytes
leads to bone and cartilage destruction, a hallmark of RA (Brennan
2008; Connell 2006). It is possible that, due to different contri-
butions of these cytokines and processes to the disease expression,
the use of therapy targeting one cytokine may be more ef�cacious
or safer than therapy targeting other mechanisms. As brie
y de-
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scribed above the mechanism of action differs between the biolog-
ics (TNF-alpha versus Interleukin-1 versus B-cells versus T-cell
co-stimulatory molecule).
Furst 2008summarized the speci�cs regarding the use of each
biologic DMARD in their consensus statement as follows:
\1. Anti-TNFs (adalimumab (Ada), etanercept (Eta), in
iximab
(Inf )) are used in conjunction with another DMARD, usually
methotrexate (MTX), for the treatment of RA. These drugs are also
effective for the treatment of RA in MTX-naive patients and have
been used successfully with other DMARDs such as sulfasalazine
and le
unomide.
2. Anakinra is recommended for the treatment of active RA after
an adequate trial of another conventional DMARD, for example,
MTX. It may be used alone or with MTX.
3. Abatacept is recommended for treatment of active RA, alone
or with background DMARDs, in patients with an inadequate
response to MTX or another effective DMARD.
4. Rituximab is approved in the USA for the treatment of moder-
ate-to-severe RA in patients who have had an inadequate response
to at least one TNF blocking agent or have at least moderate dis-
ease activity despite MTX therapy. It may be used alone or in com-
bination with MTX. It may also be used when TNF inhibitors are
not suitable."

Why it is important to do this overview

As shown in the six Cochrane systematic review published inThe
Cochrane Library, these six biologic DMARDs all provide clin-
ically important improvement in pain and disability in treating
RA, compared to placebo. The existing six Cochrane systematic
reviews, however, only reviewed each agent on its own. Patients,
clinicians and policy-makers need to know if there are any impor-
tant differences between them in terms of ef�cacy and safety. Ide-
ally this requires head-to-head comparison studies. To our knowl-
edge only one study to date had two biologic arms (abatacept and
in
iximab) but this study was only powered for comparisons to
placebo, not the two biologics to each other (Schiff 2008). In the
absence of head to head studies, indirect comparisons provide the
best evidence for demonstrating any differences between the avail-
able biologics (Kristensen 2007). When randomized trials fail to
make head to head comparisons, a common comparator can be
used to make an indirect comparison (Song 2003).
This is an overview of several Cochrane Systematic reviews. It
differs in methodology from Cochrane Systematic reviews, such
that it is not intended to examine only one intervention for RA (
Becker 2008). It aims to systematically review the existing updated
Cochrane systematic reviews of Biologic DMARDs for RA.

O B J E C T I V E S

To determine the comparative ef�cacy and safety of currently avail-
able biologic DMARDs in adults with rheumatoid arthritis.

M E T H O D S

Criteria for considering reviews for inclusion

Completed/updated/available Cochrane systematic reviewsof bi-
ologic DMARDs for RA.

Search methods for identi�cation of reviews

We searched the Cochrane Database of Systematic Reviews using
the search term \Rheumatoid" in the title. We scrutinized these
titles for systematic reviews of biologics in rheumatoid arthritis.

Types of studies

Cochrane systematic reviews of randomized controlled trials
(RCTs) of biologic DMARDs including but not limited to abat-
acept, adalimumab, anakinra, etanercept, in
iximab, and ritux-
imab in patients with RA. A review was included if it contained
at least one RCT, had clinically relevant outcomes, and included
clear inclusion and exclusion criteria for studies.
We only included studies using the standard dosing regimens of
these biologic DMARDs. Speci�cally, the studies with the follow-
ing doses: abatacept every 4 weeks intravenously at 500 mg dose in
patients ˜ 60 kg, 750 mg in patients 60 kg to 100 kg and 1000 mg
in patients œ 100 kg, after the initial dosing regimen of baseline,
2 and 4-week infusions; adalimumab 40 mg subcutaneous every
2 weeks; anakinra 100 mg subcutaneous every day; etanercept 25
mg subcutaneous twice weekly; in
iximab: 3 mg/kg intravenous
every 8 weeks after initial dosing at 0, 2 and 6 weeks; rituximab,
two 1000 mg IV doses 2 weeks apart.

Types of participants

Adults 18 years or older, with RA meeting the 1987 American
College of Rheumatology Classi�cation criteria for RA (Arnett
1988).

Types of interventions

Biologic DMARDs (including abatacept, adalimumab, anakinra,
etanercept, in
iximab, rituximab and other biologic DMARDs)
alone used in standard, approved-doses or in combination with
other biologic/traditional DMARD compared to placebo alone or
to placebo plus biologic/traditional DMARD.

Types of outcome measure
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Primary/major outcomes

1. Binary: ACR50 de�ned as 50% improvement in
both tender and swollen joint counts and 50% improve-
ment in three of the �ve following �ve variables: patient
global assessment, physician global assessments, pain
scores, Health Assessment Questionnaire (HAQ) score,
and acute phase reactants (Erythrocyte Sedimentation
Rate (ESR) or C-Reactive Protein (CRP) (Chung 2006;
Felson 1995). ACR50 was chosen as clinical and statis-
tical evidence shows that this is the preferred endpoint
for contemporary RA clinical trials.

2. Withdrawals due to adverse events was used as a
proxy measure of safety.

Minor outcomes

1. ACR20 and ACR70 de�ned as 20% and 70% im-
provement in variables de�ned above under major out-
come (Felson 1995).

2. Total number of Withdrawals.
3. Continuous: changes in either Disease Activity

Score (DAS), a composite index of tender and swollen
joint counts, patient global assessment and ESR (van
der Heijde 1993) or DAS28 score (Prevoo 1995).

4. Proportion achieving a \good state": (a) good Eu-
ropean League Against Rheumatism (EULAR) response
- de�ned by a decrease in the DAS or DAS 28 of œ 1.2
from baseline with a �nal DAS ˜ 2.4 (or DAS 28 ˜
3.2) (Fransen 2005; van Gestel 1996); (b) low disease
activity de�ned by DAS ˜ 2.4 or DAS28 ˜ 3.2 (Fransen
2005; van Gestel 1996); (c) remission de�ned as DAS
˜ 1.6 or DAS28 ˜ 2.6 (Fransen 2005; Prevoo 1996).

5. Quality of Life, measured by Short-Form-36 *(SF-
36) (i.e. continuous data, 8 domains; and two summary
score, physical and mental component summary) and
function measured by HAQ score or modi�ed HAQ
calculated as score changes (Fries 1980; Pincus 1983)
and the proportion achieving minimally clinically im-
portant difference on HAQ œ/= 0.22 (Wells 1993).

6. Radiographic progression, as measured
by Larsen/Sharp/modi�ed Sharp scores (Larsen 1977;
Sharp 1971; van der Heijde 1989).

7. Number and type of adverse effects (AEs).
8. Withdrawals due to lack of ef�cacy.
9. Death

We recognize that randomized controlled trials included in this
overview are limited in their ability to assess safety. We therefore
also searched the U.S. Food and Drug Administration (FDA) web
site for labels and warnings. We also searched other similar regula-
tory agencies' web sites from Canada (Health Canada) and Europe
(European Medicines Agency, EMEA) to summarize warnings re-
lated to each of the biologic DMARDs.

Data collection and analysis

Selection of reviews

We included all completed/updated/available Cochrane system-
atic reviews of biologic DMARDs for RA, if they had been com-
pleted and submitted for review and/or updated by 30 May 2009.
Other systematic reviews were not included as it was thought this
would be duplicative. If a review was incomplete and/or not up-
dated recently, we contacted the authors of the review and re-
quested data and/or an update to the review.
Two authors (JS and RC) reviewed the results of the search (titles
and abstracts), and obtained the full text of reviews identi�ed as
relevant for review.

Data extraction and management

Two authors (JS and GW) independently extracted data from the
reviews using a prede�ned data extraction form created as a Mi-
crosoft Excel® spreadsheet. A third author (ML) double-checked
the data entry. Disagreements were resolved by discussion. We
obtained additional information from the original RCT reports
where necessary.

Assessment of methodological quality of included
reviews

Two authors (JS and GW) independently evaluated the method-
ological quality of the included studies for each included review.

Quality of included reviews

Two authors (JS and GW) independently assessed the method-
ological quality of the included reviews using the 'assessment of
multiple systematic reviews' (AMSTAR) instrument (Shea 2007).
The AMSTAR instrument uses the following assessment criteria:
1. Was an a priori design provided?
2. Was there duplicate study selection and data extraction?
3. Was a comprehensive literature search performed?
4. Was the status of publication (i.e. grey literature) used asan
inclusion criterion?
5. Was a list of studies (included and excluded) provided?
6. Were the characteristics of the included studies provided?
7. Was the scienti�c quality of the included studies assessed and
documented?
8. Was the scienti�c quality of the included studies used appro-
priately in formulating conclusions?
9. Were the methods used to combine the �ndings of studies
appropriate?
10. Was the likelihood of publication bias assessed?
11. Was the con
ict of interest stated?

Quality of evidence in included reviews
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Two authors (JS and ETG) independently assessed the overall
quality of the evidence for each study/outcome using the GRADE
approach (Atkins 2004). The GRADE approach speci�es four
levels of quality:

� High quality for randomized trials; or double-up-
graded observational studies.

� Moderate quality for downgraded randomized tri-
als; or upgraded observational studies.

� Low quality for double-downgraded randomized
trials; or observational studies and

� Very low quality for triple-downgraded random-
ized trials; or downgraded observational studies; or case
series/case reports.

Authors could downgrade randomized trial evidence by one or
two levels depending on the presence of �ve factors:

� Serious (-1) or very serious (-2) limitation to study
quality

� Important inconsistency (-1)
� Some (-1) or major (-2) uncertainty about direct-

ness
� Imprecise or sparse data (-1)
� High probability of reporting bias (-1).

Data synthesis

Statistical Analyses

For dichotomous outcomes (i.e. the number of patients achieving
more than 50% symptomatic improvement, and those who with-
drew due to adverse events), we performed the meta-analysis by
combining trials of various drugs versus placebo to obtain mutu-
ally independent estimates using risk ratios (RR) and odds ratios
(OR) as effect measures. For data on withdrawals due to adverse
events we anticipated that events might be rather rare (Bradburn
2007; Sweeting 2004). In order to handle these expected sparse
data, an empirical Bayes (treatment arm-based) (Salanti 2008) ap-
proach was applied: the GLIMMIX procedure was used to model
empirical counts and proportions from the various clinical trials.
The GLIMMIX procedure is a feature in SAS/STAT (SAS Insti-
tute Inc., Cary, NC, USA). PROC GLIMMIX performs estima-
tion and statistical inference for generalized linear mixed models
(GLMMs) (Platt 1999). A generalized linear mixed model extends
the class of generalized linear models by incorporating normally
distributed random effects; as they are modelled on the logitscale
these summary data are presented as (GLIMMIX) OR rather than
RR values.
On the other hand, the ef�cacy data (ACR- 20, 50, and 70) were
analyzed using a Restricted Maximum Likelihood (REML) lin-
ear mixed model in SAS, adjusting for important patient char-
acteristics (Salanti 2009). The hierarchical model was used as it
incorporates the most important study-level characteristic (i.e.

type of biologic) using anotherempirical Bayesstatistical approach
(SAS PROC MIXED) (Normand 1999; Thompson 1999; van
Houwelingen 2002). The linear mixed (REML) model applied,
with drug as a �xed factor and study as a random factor, in order
to reduce the between-study variance (t 2). It was anticipated that
the observed 'Control Event Rate' and the trial duration would be
important effect modi�ers thus these were included in the model
as a (�xed-effect) interaction term.
The results from the mixed model using the RR as effect measure
were informally validated via the GLIMMIX procedure; both SAS
programs for the ef�cacy data are available as appendices. As a
note, indirect comparisons may be performed through the mixed
treatment comparison (MTC) method. The method is used in
various situations; e.g. to evaluate the relative ef�cacy between two
treatments (A and B, for example) by combining both direct and
indirect evidence. When the results of a direct comparison be-
tween two treatments are inconclusive, and an indirect compari-
son can be made, the direct and indirect sources of evidence are
combined to strengthen the result of the direct comparison (Wells
2009).
In cases where direct and indirect evidence are combined (Caldwell
2005), it is prudent to assess the assumption of consistency or
expand the model to include inconsistency (i.e. non-transivity)(
Salanti 2008). However, as this meta-analysis (unfortunately) did
not include any direct evidence, no formal evaluation of inconsis-
tency applied.
For the particular case of only two subgroups, the difference be-
tween the subgroups was assessed using a procedure in analogyto
the one described by Bucher (Bucher 1997) by subtracting two
log-transformed variables, based on the hierarchical models.
The main analysis in this systematic review was the comparison of
the different drugs' ef�cacy (i.e. ACR50) and safety (withdrawals
due to adverse events). In order to compare the ef�cacy of each
drug we used a so-called hierarchical model. Although handled
via one big model; the summary statistics were subsequently con-
verted into the number needed to treat to benen�t (NNTH) and
number needed to treat to harm (NNTH) for clinical interpreta-
tion (Osiri 2003), using Visual Rx with the overall (pooled) num-
ber of responders within the available studies as proxy for the ex-
pected rate of responders in a given RA population (Cates 2009).
If con�dence intervals for the results of individual studies had little
overlap, this generally indicated the presence of statisticalhetero-
geneity. Methods have been developed for quantifying inconsis-
tency across studies that move the focus away from testing whether
heterogeneity is present to assessing its impact on the meta-analy-
sis (Higgins 2002). A useful statistic for quantifying inconsistency
is the I2 value (Higgins 2003). In all the forest plots presenting
effect measure data per drug, the average (random-effects model)
applied as default option (Dersimonian 2007) for illustrative pur-
poses, and we used I2 values to evaluate inconsistencies across
drugs interpretable as differences not related to random variations.
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Sub-group analyses/planned comparisons

We compared the six biologic DMARDs with regard to ef�cacy
and safety as the main analysis. In addition, we performed the
following analyses for the main ef�cacy outcome, ACR50:

1. Concomitant methotrexate vs. no methotrexate
2. RA disease duration - categorized as early RA de-

�ned as duration of less than 2 years (Boers 2001) vs.
established RA, duration 2 to10 years vs. late RA de-
�ned as œ 10 years (Barlow 1999)

3. Anti-TNF biologic DMARDs vs. other biologic
DMARDs

4. Use in patients who have traditional DMARD-
failure (most commonly Methotrexate) vs. biologic
DMARD-failure vs. none

5. Single biologic DMARD agent vs. combination
biologic therapy

6. Treatment duration with biologic DMARD: Short
(˜= 6 months), intermediate duration (œ 6 to 12
months) or long-duration (œ 1 year)

7. Previous TNF-failure versus non-failure

R E S U L T S

Description of included reviews

Figure 1shows the details of reviews that were considered and
met the criteria for inclusion in this overview. Of the 54 reviews
identi�ed, seven reviews were of potential interest. One review
(certolizumab) was at the protocol stage and did not have any
data available for analysis. Thus, six Cochrane reviews werein-
cluded in this overview - abatacept (Maxwell 2008), adalimumab
(Navarro-Sarabia 2005), anakinra (Mertens 2008), etanercept (
Lethaby 2003), in
iximab (Blumenauer 2003) and rituximab (
Lopez-Olivo 2008) (listed alphabetically here and throughout the
overview and analysis).
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ow chart
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Methodological quality of included reviews

Quality of included reviews

A priori, the research question and inclusion criteria were pro-
vided in the published protocols of all six reviews: abatacept(
Maxwell 2008), adalimumab (Navarro-Sarabia 2005; update in
press), anakinra (Mertens 2008), etanercept (Lethaby 2003; up-
date in press), in
iximab (Blumenauer 2003) and rituximab (
Lopez-Olivo 2008; full review in press).
Two authors (JS and GW) independently selected studies and
extracted data from each of the six reviews: abatacept (Maxwell
2008), adalimumab (Navarro-Sarabia 2005), anakinra (Mertens
2008), etanercept (Lethaby 2003), in
iximab (Blumenauer 2003)
and rituximab (Lopez-Olivo 2008).
We conducted a comprehensive literature search in all six reviews
(Blumenauer 2003; Lethaby 2003; Lopez-Olivo 2008; Maxwell
2008;Mertens2008;Navarro-Sarabia 2005) without any language
restriction. We also searched grey literature.
All six reviews provided a list of included and excluded studies
as well as the characteristics of the included studies (Blumenauer
2003; Lethaby 2003; Lopez-Olivo 2008; Maxwell 2008; Mertens
2008; Navarro-Sarabia 2005).
All six reviews assessed and documented the scienti�c qualityof
included studies (Blumenauer 2003; Lethaby 2003; Lopez-Olivo
2008; Maxwell 2008; Mertens 2008; Navarro-Sarabia 2005).
All six reviews considered the results of the methodological qual-
ity assessment in the analysis. The conclusions were available for
four out of six reviews (66.7%), abatacept (Maxwell 2008), adal-
imumab (Navarro-Sarabia 2005), anakinra (Mertens 2008), and
etanercept (Lethaby 2003) . Two reviews [in
iximab (Blumenauer
2003) and rituximab (Lopez-Olivo 2008)] were still in progress
and had no conclusions yet.
All six reviews used appropriate statistical methods to poolresults
(Blumenauer 2003; Lethaby 2003; Lopez-Olivo 2008; Maxwell
2008; Mertens 2008; Navarro-Sarabia 2005).
Three out of six (50%) reviews assessed publication bias: abatacept,
anakinra, etanercept. Publication bias was not applicable in the
in
iximab review (16.7%) because it only included three studies. It
was not possible to determine if publication bias had been assessed
in two (33.3%) of the six reviews: one review update (adalimumab,
Navarro-Sarabia 2005) and one new review (rituximab,Lopez-
Olivo 2008).
All six reviews addressed con
icts of interest (Blumenauer 2003;
Lethaby 2003; Lopez-Olivo 2008; Maxwell 2008; Mertens 2008;
Navarro-Sarabia 2005).
The inclusion criteria for studies included in each of the systematic
reviews were similar as follows:
(1) Etanercept: \All randomized controlled (RCTs) or controlled
clinical trials (CCTs) comparing etanercept to placebo, etanercept
to methotrexate, or etanercept plus methotrexate to methotrexate
alone that were at least six months long were eligible for inclusion."

(2) In
iximab: \All randomized controlled trials comparing in-

iximab 1, 3, 5 or 10 mg/kg with methotrexate (MTX) to MTX
alone, or without MTX to placebo, with a minimum duration of
6 months and at least 2 infusions were eligible."
(3) Adalimumab: \All randomised controlled trials (RCTs) or
controlled clinical trials (CCTs) comparing adalimumab alone or
in combination with DMARDs to placebo or other DMARDs."
(4) Anakinra: \All randomised controlled trials (RCTs) compar-
ing anakinra alone or in combination with DMARDs or biolog-
ics to placebo or other DMARDs or biologics in patients with
rheumatoid arthritis will be considered."
(5) Abatacept: \RCTs comparing abatacept alone or in combina-
tion with DMARDs to placebo or other DMARDs. There will be
no restrictions with regard to dosage or duration of intervention."
(6) Rituximab: \Treatment with rituximab in combination
with any DMARD or rituximab alone versus placebo or other
DMARDs or biologic will be eligible for inclusion. Doses of ritux-
imab eligible for inclusion include 300 mg/m2, 350 mg/m2, 500
mg/m2 and 600 mg/m2."
The participants included in the reviews were similar:
1) Etanercept: \Patients 16 years of age or older meeting the
ACR 1987 revised criteria (Arnett 1988) for RA. Patients had to
have evidence of active disease as demonstrated by at least twoof:
1. Tender joint count; 2. Swollen joint count; 3. Duration of early
morning stiffness œ 30 minutes; 4. Acute phase reactants such as
Westergren erythrocyte sedimentation rate (ESR) or C reactive
protein (CRP)."
2) In
iximab: \Patients at least 16 years of age meeting the
ACR 1987 revised criteria (Arnett 1988) for RA. These patients
must have evidence of active disease as demonstrated by at least
2 of: 1. Tender joint count 2. Swollen joint count; 3. Duration
of early morning stiffness œ 30 minutes.; 4. Acute phase reactants
such as Westergren erythrocyte sedimentation rate (ESR) or C-
reactive protein (CRP)."
3) Adalimumab: \Patients with con�rmed RA according to the
American College of Rheumatology 1987 revised criteria (Arnett
1988), who had active disease as de�ned in every study. Patients
who have failed methotrexate or other DMARDs therapy, and,
also, DMARDs naive patients."
4) Anakinra: \Adults aged 18 years and above meeting the ACR
1987 revised criteria for rheumatoid arthritis (Arnett 1988)."
5) Abatacept: \Patients at least 16 years of age meeting the ACR
1987 revised criteria for rheumatoid arthritis (Arnett 1988)."
6) Rituximab: \Patients at least 16 years of age meeting the
American College of Rheumatology 1987 revised criteria (Arnett
1988) for rheumatoid arthritis and active disease as described by
authors in relation to the outcome measures."
The outcomes in review were similar. The ef�cacy outcomes in all
reviews included the American College of Rheumatology (ACR)
improvement criteria along with the core set of disease activity
variables and/or Disease Activity Score (DAS). Many studies also
included Health Assessment Questionnaire (HAQ) or modi�ed
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HAQ. Quality of life (QoL) was assessed by Short-form 36 in
many studies. Radiographic progression was frequently assessed
by Sharp, modi�ed Sharp or Larsen scores. The safety outcomes
included adverse events, serious adverse events including infections
and malignancy, withdrawals (total), withdrawals and mortality.
Withdrawals due to adverse events were reported in all but one
systematic review (Mertens 2008). Withdrawals due to inef�cacy
were reported in three of the six systematic reviews (Blumenauer
2003; Lethaby 2003; Lopez-Olivo 2008).
Quality of evidence in included reviews

A list of all studies included for the review is presented in Appendix
1. The main outcomes are reported in Appendix 2. The following
section describes GRADE ratings of the included studies (also
presented in the Summary of Findings tables -Table 1, Table 2,
andTable 3) followed by the AMSTAR rating.

Table 1. Summary of Findings Table

Biologics for rheumatoid arthritis: combined 3-, 6- and 12-month outcome data, adjusted for Control Event Rate (CER) in
the placebo group

Outcome Intervention
and
Comparison
intervention

Illustrative comparative risks
(95%) CI)

Relative
effect
(95% CI)

Number of
participants
(studies)

Quality of the
evidence
(GRADE)

NNT
(95% CI)

Assumed risk Correspond-
ing risk

With
comparator

With
comparator

ACR20 by DRUG*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic
vs placebo +
DMARD/ Bi-
ologic

382 per 1000 657 per 1000 RR 1.72
(1.38 to 2.15)

1712
(6 studies)

��� 


moderate1

Adalimumab Adalimumab
+/- DMARD/
Biologic
vs placebo +/-
DMARD/ Bi-
ologic

382 per 1000 795 per 1000 RR 2.08
(1.71 to 2.52)

2269
(8 studies)

��� 


moderate2
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Table 1. Summary of Findings Table (Continued)

Anakinra Anakinra +/-
DMARD/ Bi-
ologic
vs placebo +/-
DMARD/ Bi-
ologic

382 per 1000 466 per 1000 RR 1.22
(0.94 to 1.60)

1164
(4 studies)

��� 


moderate3

Etanercept Etanercept +/-
DMARD
vs placebo +/-
DMARD

382 per 1000 798 per 1000 RR 2.09
(1.58 to 2.77)

1205
(4 studies)

��� 


moderate4

In
iximab In
iximab +
DMARD
vs placebo +
DMARD

382 per 1000 653 per 1000 RR 1.71
(1.23 to 2.38)

819
(3 studies)

����
high

Rituximab Rituximab +
DMARD
vs placebo +
DMARD

382 per 1000 737 per 1000 RR 1.93
(1.40 to 2.56)

823
(3 studies)

��� 


moderate5

ACR50 by DRUG*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic
vs placebo +
DMARD/ Bi-
ologic

207 per 1000 474 per 1000 RR 2.29
(1.62 to 3.24)

1712
(6 studies)

��� 


moderate1
4
(3 to 8)

Adalimumab Adalimumab
+/- DMARD/
Biologic
vs placebo +/-
DMARD/ Bi-
ologic

207 per 1000 631 per 1000 RR 3.05
(2.29 to 4.07)

2269
(8 studies)

��� 


moderate2
3
(2 to 4)

Anakinra Anakinra +/-
DMARD/ Bi-
ologic
vs placebo +/-
DMARD/ Bi-
ologic

207 per 1000 271 per 1000 RR 1.31
(0.81 to 2.12)

815
(3 studies)

��� 


moderate3
16
(5 to 25)

11Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review)
Copyright © 2009 The Cochrane Collaboration. Published by J ohn Wiley & Sons, Ltd.



Table 1. Summary of Findings Table (Continued)

Etanercept Etanercept +/-
DMARD
vs placebo +/-
DMARD

207 per 1000 607 per 1000 RR 2.93
(1.94 to 4.44)

1205
(4 studies)

��� 


moderate4
3
(2 to 6)

In
iximab In
iximab +
DMARD
vs placebo +
DMARD

207 per 1000 447 per 1000 RR 2.16
(1.36 to 3.41)

819
(3 studies)

����
high

5
(3 to 14)

Rituximab Rituximab +
DMARD
vs placebo +
DMARD

207 per 1000 604 per 1000 RR 2.92
(1.76 to 4.83)

823
(3 studies)

��� 


moderate5
3
(2 to 7)

ACR70 by DRUG*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic
vs placebo +
DMARD/ Bi-
ologic

106 per 1000 360 per 1000 RR 3.40
(2.10 to 4.94)

1712
(6 studies)

��� 


moderate1

Adalimumab Adalimumab
+/- DMARD/
Biologic
vs placebo +/-
DMARD/ Bi-
ologic

106 per 1000 425 per 1000 RR 4.01
(2.71 to 5.92)

2269
(8 studies)

��� 


moderate2

Anakinra Anakinra +/-
DMARD/ Bi-
ologic
vs placebo +/-
DMARD/ Bi-
ologic

106 per 1000 130 per 1000 RR 1.23
(0.64 to 2.39)

815
(3 studies)

��� 


moderate3

Etanercept Etanercept +/-
DMARD
vs placebo +/-
DMARD

106 per 1000 320 per 1000 RR 3.02
(1.94 to 4.70)

1205
(4 studies)

��� 


moderate4
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Table 1. Summary of Findings Table (Continued)

In
iximab In
iximab +
DMARD
vs placebo +
DMARD

106 per 1000 264 per 1000 RR 2.49
(1.47 to 4.24)

819
(3 studies)

����
high

Rituximab Rituximab +
DMARD
vs placebo +
DMARD

106 per 1000 475 per 1000 RR 4.48
(2.12 to 9.45)

823
(3 studies)

��� 


moderate5

Safety (withdrawals due to AE) by Drug*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic
vs placebo +
DMARD/ Bi-
ologic

54 per 1000 66 per 1000 OR 1.24
(0.88 to 1.76)

1441
(6 studies)

��� 


moderate1
Not
statistically
signi�cant

Adalimumab Adalimumab
+/- DMARD/
Biologic
vs placebo +/-
DMARD/ Bi-
ologic

54 per 1000 81 per 1000 OR 1.54
(1.12 to 2.12)

2944
(8 studies)

�� 



low2;6
39
(19 to 162)

Anakinra Anakinra +/-
DMARD/ Bi-
ologic
vs placebo +/-
DMARD/ Bi-
ologic

54 per 1000 87 per 1000 OR 1.67
(1.22 to 2.29)

2619
(5 studies)

��� 


moderate3
31
(17 to 92)

Etanercept Etanercept +/-
DMARD
vs placebo +/-
DMARD

54 per 1000 45 per 1000 OR 0.82
(0.56 to 1.19)

1248
(4 studies)

��� 


moderate4
Not
statistically
signi�cant

In
iximab In
iximab +
DMARD
vs placebo +
DMARD

54 per 1000 112 per 1000 OR 2.21
(1.28 to 3.82)

835
(3 studies)

����
high

18
(8 to 72)

13Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review)
Copyright © 2009 The Cochrane Collaboration. Published by J ohn Wiley & Sons, Ltd.



Table 1. Summary of Findings Table (Continued)

Rituximab Rituximab +
DMARD
vs placebo +
DMARD

54 per 1000 71 per 1000 OR 1.34
(0.65 to 2.76)

938
(3 studies)

��� 


moderate5
Not
statistically
signi�cant

Total withdrawals by DRUG*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic
vs placebo +
DMARD/ Bi-
ologic

272 per 1000 183 per 1000 RR 0.6
(0.46 to 0.76)

3169
(7 studies)

��� 


moderate1

Adalimumab Adalimumab
+/- DMARD/
Biologic
vs placebo +/-
DMARD/ Bi-
ologic

272 per 1000 223 per 1000 RR 0.77
(0.60 to 0.99)

2860
(7 studies)

�� 



low2;6

Anakinra Anakinra +/-
DMARD/ Bi-
ologic
vs placebo +/-
DMARD/ Bi-
ologic

272 per 1000 286 per 1000 RR 1.07
(0.77 to 1.48)

2118
(4 studies)

��� 


moderate3

Etanercept Etanercept +/-
DMARD
vs placebo +/-
DMARD

272 per 1000 163 per 1000 RR 0.52
(0.37 to 0.72)

1248
(4 studies)

��� 


moderate4

In
iximab In
iximab +
DMARD
vs placebo +
DMARD

272 per 1000 219 per 1000 RR 0.75
(0.50 to 1.12)

835
(3 studies)

����
high

Rituximab Rituximab +
DMARD
vs placebo +
DMARD

272 per 1000 127 per 1000 RR 0.39
(0.26 to 0.57)

938
(3 studies)

��� 


moderate5

The assumed risk is based on the empirical control event rate (CER) across all drugs and all studies for outcome data at 3, 6 and 12
months combined.

The corresponding risk (and its 95% con�dence interval) is basedon the assumed risk in the comparison group and the relative effect
of the intervention (and its 95% CI).
NNT = number needed to treat
DMARD = disease-modifying anti-rheumatic drugs
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AE = adverse events
RR = risk ratio
OR = odds ratio
1 Kremer 2006: intention to treat analysis not performed - 9 patients in abatacept group and 5 in control group not included in analysis.
2 Randomization and blinding were not described and also allocation concealment was not clear in 7 studies: Breedveld 2007; Furst
2003; Keystone 2004; Kim 2007; Miyasaka 2008; van de Putte 2004; Weinblatt 2003.
3 Randomization not described in all four studies; intention to treat analysis not performed in three studies (Bresnihan 1998; Cohen
2004; Genovese 2004); blinding not described and œ 20% dropoutin Cohen 2002; allocation concealment not described in Genovese
2004.
4 Randomization not described in TEMPO 2004; allocation concealment and blinding not described in COMET 2008.
5 Randomization and allocation concealment not described in all three studies; blinding not clear in Emery (DANCER) 2006; Attrition
not clear in Cohen (REFLEX) 2006 study.
6 Analysis includes non-standard doses.

Table 2. Summary of Findings Table

Biologics for rheumatoid arthritis: 6-month outcome data provided in original reviews

Outcome Intervention
and

Comparison
intervention

Illustrative comparative risks

(95%) CI)

Relative

effect

(95% CI)

Number of

participants

(studies)

Quality of the

evidence

(GRADE)

Comments

Assumed risk Correspond-
ing risk

With
comparator

With
comparator

ACR50 at 6 months by DRUG*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic

vs placebo +
DMARD/ Bi-
ologic

137 per 1000 338 per 1000

(274 to 421)

RR 2.47

(2 to 3.07)

1648

(5 studies)

��� 


moderate1

Adalimumab Adalimumab
+/- DMARD/
Biologic

vs placebo +/-
DMARD/ Bi-
ologic

109 per 1000 380 per 1000

(258 to 559)

RR 3.49

(2.37 to 5.13)

1195

(4 studies)

��� 


moderate2a

Adalimumab
vs placebo

73 per 1000 232 per 1000

(142 to 382)

RR 3.18

(1.94 to 5.23)

506

(3 studies)

��� 


moderate2b
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Table 2. Summary of Findings Table (Continued)

Anakinra Anakinra +
DMARD

vs placebo +
DMARD

74 per 1000 186 per 1000

(115 to 298)

RR 2.51

(1.56 to 4.03)

654

(2 studies)

��� 


moderate3

Anakinra + Bi-
ologic

vs placebo +
Biologic

412 per 1000 310 per 1000 RR 0.75

(0.49 to 1.14)

161

(1 study)

��� 


moderate4

Etanercept Etanercept +/-
DMARD

vs placebo +/-
DMARD

45 per 1000 400 per 1000

(162 to 985)

RR 8.89

(3.61 to
21.89)

247

(2 studies)

��� 


moderate5

Rituximab Rituximab +
DMARD

vs placebo +
DMARD

85 per 1000 316 per 1000

(218 to 457)

RR 3.72

(2.57 to 5.38)

823

(3 studies)

��� 


moderate6

DAS low disease activity at 6 months by DRUG*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic

vs placebo +
DMARD/ Bi-
ologic

75 per 1000 252 per 1000

(171 to 372)

RR 3.36

(2.28 to 4.96)

1027

(2 studies)

��� 


moderate1

Physical function - HAQ at 6 months by DRUG*studies

Adalimumab Adalimumab
+/- DMARD/
Biologic

vs placebo +/-
DMARD/ Bi-
ologic

The mean
change

in the control
groups was

-0.24 points

The mean
change

in the inter-
vention
groups was

0.32 lower

(0.4 to 0.24
lower)

663

(3 studies)

��� 


moderate7a
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Adalimumab
vs placebo

The mean
change

in the control
groups was

-0.07 points

The mean
change

in the inter-
vention
groups was

0.31 lower

(0.42 to 0.19
lower)

401

(2 studies)

��� 


moderate7b

Anakinra Anakinra +
DMARD

vs placebo +
DMARD

The mean
change

in the control
groups was

-0.18 points

The mean
change

in the inter-
vention
groups was

0.19 lower

(0.3 to 0.09
lower)

951

(2 studies)

�� 



low 8;9

Etanercept Etanercept +/-
DMARD

vs placebo +/-
DMARD

The mean
change

in the control
group was

1.1 points

The mean
change

in the inter-
vention group
was

0.3 lower

(0.65 lower to
0.05 higher)

89

(1 study)

����

high

Rituximab Rituximab +
DMARD

vs placebo +
DMARD

The mean
change

in the control
groups was

1.8 points

The mean
change

in the inter-
vention
groups was

0.3 lower

(0.37 to 0.22
lower)

823

(3 studies)

��� 


moderate6

Radiographic score (total) at 6 months by DRUG*studies

Anakinra

(Larsen score)

Anakinra +
DMARD

vs placebo +
DMARD

The mean
change

in the control
group was6.4

The mean
change

in the inter-
vention group
was

2.5 lower

172

(1 study)

��� 


moderate10
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Table 2. Summary of Findings Table (Continued)

(5.56 lower to
0.56 higher)

AE (total) at 6 months by DRUG*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic

vs placebo +
DMARD/ Bi-
ologic

770 per 1000 816 per 1000

(747 to 885)

RR 1.06

(0.97 to 1.15)

657

(2 studies)

��� 


moderate11

Adalimumab Adalimumab
+/- DMARD/
Biologic

vs placebo +/-
DMARD/ Bi-
ologic

893 per 1000 920 per 1000

(893 to 947)

RR 1.03

(1 to 1.06)12

1987

(6 studies)

�� 



low 12a;13

Adalimumab
vs placebo

779 per 1000 974 per 1000

(748 to 1000)

RR 1.25

(0.96 to 1.61)

854

(3 studies)

�� 



low 12b;13

Anakinra Anakinra +
DMARD

vs placebo +
DMARD

879 per 1000 923 per 1000

(826 to 1000)

RR 1.05

(0.94 to 1.17)

1894

(2 studies)

��� 


moderate3

Anakinra + Bi-
ologic

vs placebo +
Biologic

973 per 1000 1000 per
1000

(924 to 1000)

RR 1.04

(0.95 to 1.14)

155

(1 study)

��� 


moderate4

Rituximab Rituximab +
DMARD

vs placebo +
DMARD

804 per 1000 860 per 1000

(732 to 1000)

RR 1.07

(0.91 to 1.26)

938

(3 studies)

�� 



low 6;11

SAE (total) at 6 months for rheumatoid arthritis

Abatacept Abatacept +
DMARD/ Bi-
ologic

97 per 1000 78 per 1000

(48 to 127)

RR 0.8

(0.49 to 1.31)

703

(2 studies)

����

high
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Table 2. Summary of Findings Table (Continued)

vs placebo +
DMARD/ Bi-
ologic

Adalimumab Adalimumab
+/- DMARD/
Biologic

vs placebo +/-
DMARD/ Bi-
ologic

90 per 1000 84 per 1000

(67 to 131)

RR 0.93

(0.60 to 1.45)

843

(4 studies)

�� 



low 13;14

Adalimumab
vs placebo

105 per 1000 111 per 1000

(69 to 179)

RR 1.06

(0.66 to 1.7)

1111

(4

studies)

�� 



low 12b;13

Anakinra Anakinra +
DMARD

vs placebo +
DMARD

56 per 1000 86 per 1000

(38 to 195)

RR 1.53

(0.67 to 3.48)

1900

(2 studies)

��� 


moderate3

Anakinra + Bi-
ologic

vs placebo +
Biologic

25 per 1000 148 per 1000

(34 to 641)

RR 5.93

(1.37 to
25.64)

161

(1 study)

�� 



low 4;5

Rituximab Rituximab +
DMARD

vs placebo +
DMARD

70 per 1000 71 per 1000

(45 to 113)

RR 1.01

(0.64 to 1.61)

938

(3 studies)

��� 


moderate6

Total withdrawals at 6 months- by DRUG*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic

vs placebo +
DMARD/ Bi-
ologic

235 per 1000 148 per 1000

(94 to 237)

RR 0.63

(0.4 to 1.01)

891

(3 studies)

����

high

Adalimumab Adalimumab
+/- DMARD/
Biologic

261 per 1000 204 per 1000

(172 to 240)

RR 0.78

(0.66 to 0.92)

1964

(7 studies)

�� 



low 13;15
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Table 2. Summary of Findings Table (Continued)

vs placebo +/-
DMARD/ Bi-
ologic

Adalimumab
vs placebo

345 per 1000 190 per 1000

(117 to 310)

RR 0.55

(0.34 to 0.9)

1180

(3 studies)

�� 



low 13;16

Anakinra Anakinra +
DMARD

vs placebo +
DMARD

222 per 1000 231 per 1000

(191 to 282)

RR 1.04

(0.86 to 1.27)

1957

(3 studies)

��� 


moderate3;10

Anakinra + Bi-
ologic

vs placebo +
Biologic

62 per 1000 184 per 1000

(70 to 482)

RR 2.96

(1.13 to 7.77)

162

(1 study)

��� 


moderate4

Etanercept Etanercept +/-
DMARD

vs placebo +/-
DMARD

545 per 1000 185 per 1000

(120 to 272)

RR 0.34

(0.22 to 0.5)

247

(2 studies)

����

high

Rituximab Rituximab +
DMARD

vs placebo +
DMARD

379 per 1000 148 per 1000

(117 to 186)

RR 0.39

(0.31 to 0.49)

938

(3 studies)

��� 


moderate6

The assumed risk is based on the empirical control event rate (CER) across all studies with 6 month outcome data, provided in the
original reviews.

The corresponding risk (and its 95% con�dence interval) is basedon the assumed risk in the comparison group and the relative effect
of the intervention (and its 95% CI).

DMARD = disease-modifying anti-rheumatic drugs

AE = adverse events

SAE = serious adverse events

DAS = disease activity score

HAQ = Health Assessment Questionnaire

RR = risk ratio

1 Kremer 2006: intention to treat analysis not performed - 9 patients in abatacept group and 5 in control group not included in analysis.

2a Randomization and blinding were not described and also allocation concealment was not clear in four studies: Furst 2003; Keystone
2004; Kim 2007; Weinblatt 2003.

20Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review)
Copyright © 2009 The Cochrane Collaboration. Published by J ohn Wiley & Sons, Ltd.



2b Randomization and blinding were not described and also allocation concealment was not clear in three studies: Weinblatt 2003;
Miyasaka 2008; van de Putte 2004.

3 Randomization not described in both studies (Cohen 2002; Cohen 2004) ; intention to treat analysis not performed in Cohen 2004
study; blinding not described and œ 20% dropout in Cohen 2002 study.

4 Genovese 2004: allocation concealment not described and ITT analysis not performed.

5 Wide con�dence interval.

6 Randomization and allocation concealment not described in all three studies; blinding not clear in Emery (DANCER) 2006; Attrition
not clear in Cohen (REFLEX) 2006 study.

7a Randomization and blinding were not described and also allocation concealment was not clear in all three studies: Keystone 2004;
Kim 2007; Weinblatt 2003.

7b Randomization and blinding were not described and also allocation concealment was not clear in both studies: Miyasaka 2008; van
de Putte 2004.

8 Randomization not described and intention to treat analysisnot performed in both studies (Bresnihan 1998; Cohen 2004);

9 Bresnihan 1998: non-standard dose included.

10 Bresnihan 1998: randomization not described and intention to treat analysis not performed.

11 Unexplained heterogeneity.

12a Randomization and blinding were not described and also allocation concealment was not clear in �ve studies: Breedveld 2007;
Furst 2003; Keystone 2004; Kim 2007; Rau 2004.

12b Randomization and blinding were not described and also allocation concealment was not clear in three studies: Furst 2003; Miyasaka
2008; van de Putte 2004.

13 Analysis includes non-standard doses.

14 Randomization and blinding were not described and also allocation concealment was not clear in three studies: Furst 2003; Kim
2007; Rau 2004.

15 Randomization and blinding were not described and also allocation concealment was not clear in four studies: Breedveld 2007;Furst
2003; Keystone 2004; Kim 2007.

Table 3. Summary of Findings Table

Biologics for rheumatoid arthritis: 12-month outcome data provided in original reviews

Outcome Intervention
and

Comparison
intervention

Illustrative comparative risks

(95%) CI)

Relative

effect

(95% CI)

Number of

participants

(studies)

Quality of the

evidence

(GRADE)

Comments

Assumed risk Correspond-
ing risk

With
comparator

With
comparator

ACR50 at 12 months by DRUG*studies
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Table 3. Summary of Findings Table (Continued)

Abatacept Abatacept +
DMARD/ Bi-
ologic

vs placebo +
DMARD/ Bi-
ologic

179 per 1000 396 per 1000

(310 to 505)

RR 2.21

(1.73 to 2.82)

993

(3 studies)

��� 


moderate1

Adalimumab Adalimumab
+/- DMARD/
Biologic

vs placebo +/-
DMARD/ Bi-
ologic

321 per 1000 603 per 1000

(258 to 559)

RR 1.88

(1 to 3.55)

1080

(3 studies)

�� 



low 2;3

Etanercept Etanercept +/-
DMARD

vs placebo +/-
DMARD

461 per 1000 701 per 1000

(627 to 784)

RR 1.52

(1.36 to 1.7)

958

(2 studies)

��� 


moderate4

In
iximab In
iximab +
DMARD

vs placebo +
DMARD

266 per 1000 404 per 1000

(333 to 492)

RR 1.52

(1.25 to 1.85)

819

(3 studies)

����

high

Rituximab Rituximab +
DMARD

vs placebo +
DMARD

115 per 1000 470 per 1000

(241 to 917)

RR 3.72

(2.57 to 5.38)

353

(3 studies)

��� 


moderate5

DAS low disease activity at 12 months by DRUG*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic

vs placebo +
DMARD/ Bi-
ologic

98 per 1000 424 per 1000

(278 to 646)

RR 4.33

(2.84 to 6.59)

638

(1 study)

��� 


moderate1

Physical function - HAQ at 12 months by DRUG*studies

Adalimumab Adalimumab
+/- DMARD/
Biologic

vs placebo +/-
DMARD/ Bi-
ologic

The mean
change

in the control
groups was

-0.80 points

The mean
change

in the inter-
vention
groups was

0.32 lower

1080

(3 studies)

��� 


moderate2

22Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review)
Copyright © 2009 The Cochrane Collaboration. Published by J ohn Wiley & Sons, Ltd.



Table 3. Summary of Findings Table (Continued)

(0.39 to 0.25
lower)

Etanercept Etanercept +/-
DMARD

vs placebo +/-
DMARD

The mean
change

in the control
group was

0.9 points

The mean
change

in the inter-
vention group
was

0.25 lower

(0.65 lower to
0.05 higher)

956

(2 studies)

��� 


moderate6

In
iximab In
iximab +
DMARD

vs placebo +
DMARD

The mean
change

in the control
groups was

0.68 points

The mean
change

in the inter-
vention
groups was

0.13 higher

(0.05 to 0.22
lower)

835

(3 studies)

����

high

Radiographic score (total) at 12 months by DRUG*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic

vs placebo +
DMARD/ Bi-
ologic

The mean
change

in the control
group was

0.27

The mean
change

in the inter-
vention group
was

0.27 lower

(0.42 lower to
0.12 higher)

586

(1 study)

��� 


moderate1

Adalimumab

(modi�ed
Sharp score)

Adalimumab
+/- DMARD/
Biologic

vs placebo +/-
DMARD/ Bi-
ologic

The mean
change

in the control
group was

2.7 points

The mean
change

in the inter-
vention
groups was

2.60 lower

(3.83 to 1.37
lower)

880

(2 studies)

��� 


moderate2
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Table 3. Summary of Findings Table (Continued)

Etanercept

(Sharp score)

Etanercept +/-
DMARD

vs placebo +/-
DMARD

The mean
change

in the control
group was

2.4 points

The mean
change

in the inter-
vention group
was

2.21 lower

(2.99 lower to
1.43 higher)

894

(2 studies)

��� 


moderate4

In
iximab In
iximab +
DMARD

vs placebo +
DMARD

The mean
change

in the control
groups was

3.7 points

The mean
change

in the inter-
vention
groups was

3.69 lower

(0.05 to 0.22
lower)

776

(2 studies)

����

high

AE (total) at 12 months by DRUG*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic

vs placebo +
DMARD/ Bi-
ologic

859 per 1000 893 per 1000

(868 to 928)

RR 1.04

(1.01 to 1.08)

2214

(3 studies)

��� 


moderate7

Adalimumab Adalimumab
+/- DMARD/
Biologic

vs placebo +/-
DMARD/ Bi-
ologic

893 per 1000 920 per 1000

(893 to 947)

RR 1.03

(1 to 1.06)

1987

(6 studies)

�� 



low 8;9

In
iximab In
iximab +
DMARD

vs placebo +
DMARD

133 per 1000 137 per 1000

(97 to 196)

RR 1.03

(0.73 to 1.47)

835

(2 studies)

����

high

Rituximab Rituximab +
DMARD

vs placebo +
DMARD

850per 1000 1000 per
1000

(289 to 1000)

RR 1.24

(0.34 to 4.43)

80

(1 study)

��� 


moderate10
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Table 3. Summary of Findings Table (Continued)

SAE (total) at 12 months for rheumatoid arthritis

Abatacept Abatacept +
DMARD/ Bi-
ologic

vs placebo +
DMARD/ Bi-
ologic

123 per 1000 138 per 1000

(109 to 171)

RR 1.12

(0.89 to 1.39)

2448

(4 studies)

��� 


moderate11

Adalimumab Adalimumab
+/- DMARD/
Biologic

vs placebo +/-
DMARD/ Bi-
ologic

90 per 1000 84 per 1000

(67 to 131)

RR 0.93

(0.60 to 1.45)

843

(4 studies)

�� 



low 9;12

In
iximab In
iximab +
DMARD

vs placebo +
DMARD

133 per 1000 137 per 1000

(97 to 196)

RR 1.03

(0.73 to 1.47)

835

(2 studies)

����

high

Rituximab Rituximab +
DMARD

vs placebo +
DMARD

100 per 1000 100 per 1000

(23 to 431)

RR 1.00

(0.23 to 4.31)

80

(1 study)

��� 


moderate10

Total withdrawals from therapy at 12 months by DRUG*studies

Abatacept Abatacept +
DMARD/ Bi-
ologic

vs placebo +
DMARD/ Bi-
ologic

241 per 1000 147 per 1000

(123 to 174)

RR 0.61

(0.51 to 0.72)

2448

(4 studies)

��� 


moderate11

Adalimumab Adalimumab
+/- DMARD/
Biologic

vs placebo +/-
DMARD/ Bi-
ologic

261 per 1000 204 per 1000

(172 to 240)

RR 0.78

(0.66 to 0.92)

1964

(5 studies)

�� 



low 9;13

Etanercept Etanercept +/-
DMARD

vs placebo +/-
DMARD

545 per 1000 185 per 1000

(120 to 272)

RR 0.34

(0.22 to 0.5)

247

(2 studies)

��� 


moderate4
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Table 3. Summary of Findings Table (Continued)

In
iximab In
iximab +
DMARD

vs placebo +
DMARD

274 per 1000 197 per 1000

(153 to 252)

RR 0.72

(0.56 to 0.92)

835

(3 studies)

����

high

Rituximab Rituximab +
DMARD

vs placebo +
DMARD

379 per 1000 148 per 1000

(117 to 186)

RR 0.39

(0.31 to 0.49)

938

(3 studies)

��� 


moderate10

The assumed risk is based on the empirical control event rate (CER) across all studies with 12 month outcome data, provided in the
original reviews.

The corresponding risk (and its 95% con�dence interval) is basedon the assumed risk in the comparison group and the relative effect
of the intervention (and its 95% CI).

DMARD = disease-modifying anti-rheumatic drugs

AE = adverse events

SAE = serious adverse events

DAS = disease activity score

RR = risk ratio

1 Kremer 2006: intention to treat analysis not performed - 9 patients in abatacept group and 5 in control group not included in analysis.

2 Randomization and blinding were not described and also allocation concealment was not clear in two studies: Breedveld 2006;
Keystone 2004.

3 Unexplained substantial heterogeneity.

4 Randomization not described in TEMPO 2004; allocation concealment and blinding not described in COMET 2008

5 Randomization and allocation concealment not described in all three studies; blinding not clear in Emery (DANCER) 2006; Attrition
not clear in Cohen (REFLEX) 2006 study.

6 TEMPO 2004: randomization not described.

7 Intention to treat analysis not performed in two studies: Kremer 2006; Weinblatt 2006. Risk of attrition bias (˜ 80% completion
rate in treatment groups at 12 months) in Weinblatt 2007.

8 Randomization and blinding were not described and also allocation concealment was not clear in �ve studies: Breedveld 2007; Furst
2003; Keystone 2004; Kim 2007; Rau 2004.

9 Analysis includes non-standard doses.

10 Edwards 2004: randomization and allocation concealment not described.

11 Intention to treat analysis not performed in two studies: Kremer 2006; Weinblatt 2006. Risk of attrition bias (˜ 80% completion
rate in treatment groups at 12 months) in Kremer 2003 and Weinblatt 2007.
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12 Randomization and blinding were not described and also allocation concealment was not clear in three studies: Furst 2003; Kim
2007; Rau 2004.

13 Randomization and blinding were not described and also allocation concealment was not clear in four studies: Breedveld 2006;Furst
2003; Keystone 2004; Kim 2007.

Abatacept for RA

Seven studies were included in this review (Maxwell 2008). Inten-
tion to treat analysis was not performed in two studies. There was
risk of attrition bias with ˜ 80 % completion rate in the treatment
groups at 12 months in two studies. Radiographic data were not
obtained for 90% of the study population. Physical function was
measured as a categorical outcome of HAQ by a decrease in the
minimal clinically important change. The quality of the evidence
was moderate because of these limitations in the study design.

Adalimumab for RA

Eight studies were included from this review (Navarro-Sarabia
2005). There were limitations in the study design of six studies -
the method of randomization was not described, allocation con-
cealment was not reported, and blinding was not described. There
was unexplained substantial heterogeneity or inconsistencyof re-
sults. Reported data were sparse. The quality of the evidencewas
moderate for ef�cacy outcomes. The quality for safety outcomes
was downgraded to low because the data reported included both
standard and non-standard doses.

Anakinra for RA

Five studies were included from this review (Mertens 2008) with
limitations in study design including methods of randomization
not described in all �ve, allocation concealment was not reported in
one study, and blinding was not described in one study. Intention-
to-treat analysis was not performed in four studies. There was œ
20% attrition in two studies. Data on all withdrawals from therapy
were not reported. This resulted in a downgrading of the GRADE
quality of evidence to moderate.

Etanercept for RA

Four studies were included from this review (Lethaby 2003) and
four had limitations in study design including one or more of the
following: method of randomization was not described, allocation
concealment was not reported, and blinding was not described.
There was unexplained substantial heterogeneity in the results.
There was imprecision of results due to wide con�dence interval
and sparse data. The quality of the evidence was moderate.

In
iximab for RA

Only three studies were included from this review (Blumenauer
2003) and intention-to-treat analysis was not performed in one.

Data were missing for important outcomes such as total adverse
events and infections as well as physical function (HAQ). The
quality of the evidence was high as a result of high quality studies.

Rituximab for RA

Only three studies were included (Lopez-Olivo 2008). The
method of randomization and allocation concealment was not de-
scribed in all three studies. Blinding was not described in twoand
there was risk of attrition bias in one study. There was unexplained
substantial heterogeneity in some results. Radiographic scores were
not reported. The evidence for rituximab was moderate.

AMSTAR rating for the reviews

Most reviews scored very high on the AMSTAR criteria. These are
summarized in Appendix 3.

Effect of interventions

All data were extracted from the updated Cochrane systematic
reviews addressing the six medications listed above. Reviewof
the data revealed that both primary/major outcomes including
ACR50 and number of withdrawals due to adverse events were
uniformly reported in these systematic reviews.
Several other outcomes as pre-speci�ed in \Types of Outcome
Measures" such as ACR20, DAS/DAS28, Disease state (good EU-
LAR response, low disease activity or remission), HRQoL, HAQ,
radiographic progression, number of adverse events, number of
serious adverse events, speci�c adverse events (infections, malig-
nancy) and death were only reported in few, but not all system-
atic reviews (Appendix 4; Appendix 5). Analyses and comparisons
for these outcomes were done where possible. When analysis was
impossible due to lack of data for comparisons, data were simply
described in the text or depicted in tables. In contrast, two out-
comes, ACR70, ACR20 and all withdrawals (any cause) were re-
ported in all reviews (or obtained from authors), with at leastone
study presenting these outcomes. These were analyzed for each
drug separately for the main comparison between the six biologics.
For the main ef�cacy outcome, we performed all seven compar-
isons in the order of pre-speci�ed analyses as listed in the \Sub-
group analyses/planned comparisons" above. Safety as assessed by
withdrawals due to adverse events was compared between six bi-
ologics. Additional outcomes available from all studies, including
ACR70 and all withdrawals were also compared between the six
biologics. For data that could not be analyzed, a summary follow-
ing these outcomes is provided in the text and/or in the tables.
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Upon review of individual systematic reviews, it was not possible to
abstract all study characteristics. GW and JS therefore abstracted
study characteristics independently from the methods section of
each published study.

Main analysis: comparison of the six biologic
DMARDs with regard to ef�cacy and safety

Primary/major ef�cacy outcome: ACR50

Of the 31 studies included in the Cochrane systematic reviews,27
studies reported ACR50. Compared to patients receiving placebo,
patients receiving each biologic, except anakinra, were signi�cantly
more likely to achieve an ACR50 with RR ranging from 2.29 to
3.05 times (Figure 2). Anakinra was not statistically different from
placebo with RR of 1.31 (95%CI: 0.81 to 2.12; P = 0.28) (Figure
2).
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Figure 2. Indirect Comparisons of Biologics for ACR50
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The use of biologic DMARD therapy was associated with a signif-
icantly higher likelihood of achieving an ACR50 response, com-
pared to placebo with a RR of 2.42 (1.94 to 3.01) although based
on results with a substantial degree of heterogeneity, withtau-
squared of 0.229 (Table 4). After adjusting the statistical model
for the interaction between t̀rial duration' and `control event rate',
the heterogeneity decreased about 50%, to a tau-squared of 0.116;
indicating a signi�cantly better model-�t. Interestingly, applying
the type of drug as a factor in the meta-analysis, resulted in a worse
model-�t and an increased amount of between study variation.

Table 4. Results of the Strati�ed Meta-Analyses for ACR50*

Variable Trials RR (95% CI) Tau-squared
(� 2)

All studies 27 2.42 (1.94 , 3.01) 0.229

Adjusted for the
CER×Trial duration
interaction

27 2.51 (2.10 , 3.00) 0.116

Drugs: 0.236

Abatacept 6 2.58 (1.59 , 4.18)

Adalimumab 8 2.60 (1.76 , 3.84)

Anakinra 3 1.56 (0.79 , 3.10)

Etanercept 4 2.40 (1.33 , 4.31)

In
iximab 3 1.85 (0.96 , 3.57)

Rituximab 3 3.58 (1.82 , 7.02)

Concomitant
Methotrexate:

0.210

Yes 20 2.22 (1.75 , 2.81)

No 7 3.27 (2.05 , 5.21)

RA status: 0.157

Early RA 5 1.43 (0.98 , 2.09)

Established RA 8 2.50 (1.75 , 3.58)
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Table 4. Results of the Strati�ed Meta-Analyses for ACR50*(Continued)

Late RA 14 2.96 (2.24 , 3.92)

Biologic is a TNF-
inhibitor:

0.241

Yes 15 2.39 (1.78 , 3.20)

No 12 2.48 (1.76 , 3.49)

Prior Drugs failed: 0.220

Biologic 5 3.24 (1.86 , 5.63)

Traditional
DMARD

20 2.37 (1.85 , 3.04)

None 2 1.63 (0.77 , 3.42)

Use of single Bio-
logic only:

0.185

Yes 25 2.55 (2.06 , 3.15)

No (multiple bio-
logics)

2 1.03 (0.50 , 2.15)

Duration of Ran-
domized Trial:

0.1831

Short 17 3.00 (2.28 , 3.95)

Intermediate 8 1.99 (1.41 , 2.80)

Long 2 1.30 (0.70 , 2.42

Prior failure to
TNF biologic:

0.214

Yes 5 3.24 (1.87 , 5.60)

No 22 2.28 (1.81 , 2.87)

Sensitivity (post
hoc)
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Table 4. Results of the Strati�ed Meta-Analyses for ACR50*(Continued)

Drug adjusted for
RA status

0.118

Abatacept 6 2.07 (1.33 , 3.22)

Adalimumab 8 2.43 (1.78 , 3.33)

Anakinra 3 1.03 (0.57 , 1.86)

Etanercept 4 2.29 (1.46 , 3.58)

In
iximab 3 2.43 (1.39 , 4.27)

Rituximab 3 2.45 (1.33 , 4.52)

*Subgroup analyses based on a Restricted Maximum Likelihood(REML) Model; using SAS software (PROC MIXED version 9.1.3;
SAS Institute Inc., Cary, NC, USA).

CER: Control Event Rate, the proportion of patients responding on placebo.
RA = rheumatoid arthritis; RR, risk ratio; tau-squared, a measure of heterogeneity

Compared to patients receiving placebo, patients receiving each
biologic, except anakinra, were signi�cantly more likely to achieve
an ACR50 with RR ranging from 2.29 to 3.05 times (Figure 3).
Anakinra was not statistically different from placebo with RRof
1.31 (0.91 to 2.12) (Figure 3).
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Figure 3. Comparisons of Biologics to Placebo for ef�cacy an d safety
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The indirect comparisons for ACR50 are presented inTable 5.
Comparing the six biologics to each other revealed no signi�cant
differences between biologics for patients achieving ACR50 with
three exceptions: anakinra was less ef�cacious than etanercept,
with RR of 0.44 (0.23 to 0.85; P = 0.014), as well as less ef�ca-
cious than rituximab with RR of 0.45 (0.22 to 0.90; P = 0.023).
Likewise, adalimumab was more ef�cacious than anakinra, RR =
2.34 (Figure 2).

Table 5. Indirect comparisons of Six Biologics for ACR50 and Withdrawals due to Adverse events based on an control-event
trial duration adjusted linear mixed model

EFFICACY: ACR50 SAFETY: Withdrawals due to Adverse Events

DRUG
#1 vs

DRUG
#2

Ratio
of RRs

(95% CI) P-value DRUG
#1 vs

DRUG
#2

Ratio of
ORs

(95% CI) P-value

Abata-
cept

Adali-
mumab

0.75 0.47 1.19 0.221 Abata-
cept

Adali-
mumab

0.80 0.51 1.26 0.342

Abata-
cept

Ana-
kinra

1.76 0.97 3.17 0.062 Abata-
cept

Ana-
kinra

0.74 0.47 1.17 0.196

Abata-
cept

Etaner-
cept

0.78 0.45 1.36 0.380 Abata-
cept

Etaner-
cept

1.52 0.93 2.49 0.097

Abata-
cept

In
ix-
imab

1.06 0.59 1.90 0.836 Abata-
cept

In
ix-
imab

0.56 0.30 1.05 0.070

Abata-
cept

Ritux-
imab

0.79 0.43 1.44 0.434 Abata-
cept

Ritux-
imab

0.93 0.43 2.02 0.853

Adali-
mumab

Ana-
kinra

2.34 1.32 4.13 0.003 Adali-
mumab

Ana-
kinra

0.92 0.60 1.42 0.714

Adali-
mumab

Etaner-
cept

1.04 0.65 1.66 0.868 Adali-
mumab

Etaner-
cept

1.89 1.18 3.04 0.009

Adali-
mumab

In
ix-
imab

1.42 0.84 2.39 0.193 Adali-
mumab

In
ix-
imab

0.70 0.38 1.28 0.245

Adali-
mumab

Ritux-
imab

1.05 0.58 1.90 0.881 Adali-
mumab

Ritux-
imab

1.15 0.54 2.48 0.711
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Table 5. Indirect comparisons of Six Biologics for ACR50 and Withdrawals due to Adverse events based on an control-event
trial duration adjusted linear mixed model (Continued)

Ana-
kinra

Etaner-
cept

0.44 0.23 0.85 0.014 Ana-
kinra

Etaner-
cept

2.05 1.27 3.29 0.003

Ana-
kinra

In
ix-
imab

0.61 0.31 1.19 0.143 Ana-
kinra

In
ix-
imab

0.76 0.41 1.39 0.368

Ana-
kinra

Ritux-
imab

0.45 0.22 0.90 0.023 Ana-
kinra

Ritux-
imab

1.25 0.58 2.69 0.566

Etaner-
cept

In
ix-
imab

1.36 0.75 2.46 0.307 Etaner-
cept

In
ix-
imab

0.37 0.19 0.70 0.002

Etaner-
cept

Ritux-
imab

1.01 0.51 1.97 0.986 Etaner-
cept

Ritux-
imab

0.61 0.28 1.35 0.224

In
ix-
imab

Ritux-
imab

0.74 0.37 1.48 0.392 In
ix-
imab

Ritux-
imab

1.66 0.69 3.98 0.260

Ef�cacy data were analyzed using a contrast based REML linear mixed (meta-regression) model in SAS, adjusting for a 'Control Event
Rate × Duration of Trial' interaction; the model was validated via a treatment-arm based GLIMMIX model. Safety data were analyzed
using an empirical Bayes (GLIMMIX) model in SAS; 'Study' and the 'Study × Drug interaction' applied as (random) covariance
parameters in the GLIMMIX model.

On a post-hoc level, for sensitivity, we estimated the ef�cacy for
each drug when adjusting for the average disease duration (early vs.
established vs. late) which improved the model signi�cantly (tau-
squared = 0.183); with some subsequent variations in the magni-
tude of effect sizes across drugs. To assess the extent and validity
of the primary analysis model (i.e. the contrast-based linear mixed
model), an arm-based GLIMMIX model applied indicating an
ef�cacy pattern equal to our primary analysis. Anakinra showed
the least amount of ef�cacy whereas etanercept seemed most ef�-
caciousper se(See the GLIMMIX basedempirical Bayesestimates
in Figure 4).
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Figure 4. GLIMMIX based empirical Bayesestimates
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Primary/major safety outcome- withdrawals due to adverse
events

Of the 31 studies included in the Cochrane systematic re-
views, 25 studies reported withdrawals due to adverse events. Of
these, 17 studies had concomitant DMARD therapy (most often
methotrexate) and 8 studies had no concomitant DMARD ther-
apy.
Compared to placebo, patients receiving adalimumab, anakinra
and in
iximab were at signi�cantly higher risk of withdrawals due
to adverse events with ORs ranging from1.54 to 2.21 (Figure 3).
Patients receiving abatacept, etanercept and rituximab did not dif-
fer signi�cantly from placebo with regard to safety - with ORs
ranging from 0.82 to 1.34.
The indirect comparisons for withdrawals due to adverse events
showed three signi�cant differences between drugs, potentially
favoring etanercept (Table 5). Adalimumab was more likely to lead
to withdrawals compared to etanercept with a ratio of OR (95%
CI; P -value) of 1.89 (1.18 to 3.04; P = 0.009); anakinra more
likely than etanercept, 2.05 (1.27, 3.29; P = 0.003); and etanercept
less likely than in
iximab, 0.37 (0.19, 0.70; P = 0.002).

Number needed to treat to bene�t (NNTH) and number
needed to treat to harm (NNTH)

As the NNTB and NNTH are considered helpful for clinicians,
translating the results into an absolute value, we used the relative
measures (Figure 3) to assess these. The analyses were based on
the empirical control event rate (CER) across all drugs, all stud-
ies. Thus, the expected CER for patients responding (ACR50) to
placebo therapy was set to 20.7%, whereas the CER for patients
withdrawing from therapy was expected to be 5.4%.
Based on these NNTB values adalimumab, etanercept, and rit-
uximab seemed equally ef�cacious, with NNTB (adalimumab) =
3 (95% con�dence interval [CI] 2 to 4) patients, NNTB (etan-
ercept) = 3 (95% CI 2 to 6) patients, and NNTB (rituximab) =
3 (95% CI 2 to 7) patients, respectively. Followed by abatacept
with NNTB of 4 (95%CI 3 to 8) and in
iximab with NNTB of 5
(95% CI 3 to14). Indicating that among 1000 patients initiating
therapy with one of these 5 biologics, we would expect between
200 and 333 patients having at least a 50% (symptomatic) disease
reduction. Anakinra was the least ef�cacious drug, with a NNTB
of 16 based on non-signi�cant results.
The NNTH (withdrawal due to adverse event) and 95% con�-
dence interval (CI) compared to placebo were as follows: 83 (non
signi�cant [n.s.]) for abatacept; 38 (95% CI 19 to 162) for adali-
mumab; 31 (95% CI 17 to 92) for anakinra; 106 (n.s.) for etan-
ercept; 18 (95% CI 8 to 72) for in
iximab; and 60 (n.s.) for rit-
uximab. Because the 95% con�dence interval includes negative
numbers (a consequence of being non signi�cant) for abatacept,
etanercept, and rituximab, the NNTH are dif�cult to interpret. As
indicated in the previous forest plot, as well the NNTH, empirical
data suggest a safety pro�le in favor of etanercept over in
iximab.
Among 1000 patients initiating therapy with one of these sixbio-

logics, we would expect between 10 and 56 patients to withdraw
from therapy due to adverse effects.

Strati�ed analyses for ACR50

1. Concomitant methotrexate vs. no methotrexate

Twenty studies included concomitant methotrexate and seven
studies did not. The use of biologic DMARDs was associated with
a signi�cantly higher likelihood of achieving ACR50 compared to
the placebo group in both groups of patients, those receiving were
concomitant methotrexate, 2.22 (95% CI 1.75 to 2.81) and those
not receiving concomitant methotrexate, 3.27 (95% CI 2.05 to
5.21) (Table 4).

2. RA disease duration - categorized as early RA vs.
established RA vs. late RA

Five studies assessed early RA, eight assessed establishedRA and
14 assessed late RA.
Table 4shows these results. Overall, in patients with early RA,
ACR50 for biologic DMARD did not signi�cantly differ from
placebo; RR = 1.43 (95% CI 0.98 to 2.09). For established RA
and late RA, use of biologics was associated with a signi�cantly
higher chance of achieving ACR50 compared to placebo, with RR
2.50 and 2.96, respectively (Table 4).

3. Anti-TNF biologic DMARDs vs. other biologic DMARDs

Fifteen studies included anti-TNF biologic DMARDs (adali-
mumab, etanercept and in
iximab) and 12 studies included other
biologic DMARDs (abatacept, anakinra, rituximab). Both anti-
TNF DMARDs (RR 2.39) and other biologic DMARDs (RR
2.48) were associated with a signi�cantly greater likelihoodof
achieving ACR50 than placebo.

4. Use in patients who had failed traditional DMARDs vs.
biologic DMARDs (or both) vs. none

Twenty studies included patients who have had traditional
DMARD failure (most commonly methotrexate failure), �ve stud-
ies included patients who were biologic DMARD failures (+-
DMARD) and two studies included treatment-naive patients. Pa-
tients who had failed traditional DMARDs were 2.37 times more
likely to achieve ACR50 when they were treated with biologic
DMARDs compared to placebo. Those who had failed biologic
DMARDs (or both traditional and biologic DMARD) were 3.24
times more likely to achieve ACR50 when they were treated with
biologic DMARDs compared to placebo (Table 4). Treatment
with biologic DMARD was not associated with any signi�cant
difference in ACR50 compared to placebo in patients who were
DMARD-naive.

5. Single biologic DMARD agent vs. combination biologic
therapy

Twenty-�ve studies included use of a single biologic DMARD
and two studies used combination biologic DMARDs. Use of
single biologic DMARD was signi�cantly superior to placebo in
achieving ACR50 (Table 4). Use of combination biologic was not
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associated with signi�cantly different results with regard to ACR50
when compared to placebo.
6. Treatment duration with biologic DMARD: short (6
months or less), intermediate duration (œ 6 to 12 months)
or long-duration (œ 1 year)

Seventeen studies had a short duration, 8 had an intermediate-
duration and 2 had long duration. Biologic DMARDs were sig-
ni�cantly superior to placebo in achieving ACR50 in both short-
term and intermediate-term RCTs, but not in long-term studies(
Table 4).
7. Prior failure of TNF-biologic

Twenty-two studies had patients without prior failure of TNFbi-
ologics and 5 with prior TNF biologic-failure. Biologic DMARDs
were superior to placebo in achieving ACR50 in both groups (
Table 4).
Strati�ed analyses for Withdrawals due to Adverse
Events

1. Concomitant methotrexate vs. no methotrexate

Twenty one studies included concomitant methotrexate and eight
studies did not. Biologic DMARDs were signi�cantly more likely
to lead to withdrawals due to adverse events compared to placebo
in both groups, 1.30 (95% CI 1.02 to 1.65) in those with con-
comitant methotrexate and 1.70 (95% CI 1.12 to 2.57) in those
not receiving concomitant methotrexate (Table 6).

Table 6. Strati�ed Meta-analyses for Withdrawals due to Adverse Events

Variable Trials OR� (95% CI) � 2

All studies 29 1.39 1.13 1.71 0.367

Drugs 0.370

Abatacept 6 1.24 0.88 1.76

Adalimumab 8 1.54 1.12 2.12

Anakinra 5 1.67 1.22 2.29

Etanercept 4 0.82 0.56 1.19

In
iximab 3 2.21 1.28 3.82

Rituximab 3 1.34 0.65 2.76
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Table 6. Strati�ed Meta-analyses for Withdrawals due to Adverse Events (Continued)

Concomitant
Methotrexate

0.379

Yes 21 1.30 1.02 1.65

No 8 1.70 1.12 2.57

RA status 0.318

Early RA 5 1.45 0.92 2.28

Established RA 9 1.25 0.87 1.78

Late RA 15 1.52 1.09 2.11

Biologic is a
TNF-inhibitor

0.364

Yes 15 1.27 0.94 1.69

No 14 1.55 1.14 2.11

Prior Drugs
failed:

0.314

Biologic 5 1.74 1.02 2.96

DMARD 22 1.41 1.11 1.79

None 2 0.85 0.41 1.76

Single Biologic ¸ 0.373

Yes 27 Not estimable ¸Statistical model did not converge

No 2 Not estimable ¸Statistical model did not converge

Duration
of Randomized
Trial

0.331

Short 18 1.46 1.07 1.99

Intermediate 9 1.31 0.94 1.82

Long 2 1.47 0.71 3.03
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Table 6. Strati�ed Meta-analyses for Withdrawals due to Adverse Events (Continued)

Prior failure to
TNF biologic

0.336

Yes 5 1.76 1.01 3.06

No 24 1.34 1.06 1.69

Sensitivity
(post hoc)

Drug|RA sta-
tus:

0.314

Abatacept 6 1.23 0.87 1.74

Adalimumab 8 1.54 1.13 2.11

Anakinra 5 1.73 1.26 2.37

Etanercept 4 0.82 0.56 1.19

In
iximab 3 2.06 1.20 3.55

Rituximab 3 1.47 0.70 3.07

*: Analyzed using a GLIMMIX model.
The summary tau-squared (� 2) was estimated as the sum of `STUDY' and `STUDY*DRUG (interaction)' Covariance Parameter
Estimates.

2. RA disease duration - categorized as early RA vs.
established RA vs. late RA

Five studies assessed early RA, nine assessed established RA and 15
assessed late RA.Table 6shows these results. Biologic DMARDs
were associated with a signi�cantly higher risk of withdrawals due
to adverse events compared to placebo in patients with late RA,
RR 1.52 (1.09, 2.11), but not in patients with early or established
RA (Table 6).

3. Anti-TNF biologic DMARDs vs. other biologic DMARDs

Fifteen studies included anti-TNF biologic DMARDs (adali-
mumab, etanercept and in
iximab) and 14 studies included other
biologic DMARDs (abatacept, anakinra, rituximab). Non anti-
TNF biologics were more likely to lead to withdrawals due to ad-
verse events compared to placebo, RR, 1.55 (1.14, 2.11). Anti-

TNF biologics were not associated with more withdrawals due to
adverse events compared to placebo, RR 1.27 (0.94, 1.69) (Table
6).

4. Use in patients who had failed traditional DMARDs vs.
biologic DMARDs (or both) vs. none

Twenty-two studies included patients who have had traditional
DMARD failure (most commonly methotrexate failure), �ve stud-
ies included patients who were biologic DMARD failures (+-
DMARD) and two studies included treatment-naive patients. Bi-
ologic DMARDs were signi�cantly more likely to lead to with-
drawals due to adverse events compared to placebo in both tradi-
tional DMARD- and biologic-failure, RR, 1.41 (1.11, 1.79) and
1.74 (1.02, 2.96). Biologic use in DMARD-naive patients was
not associated with any higher risk of withdrawals due to adverse
events compared to placebo, RR, 0.85 (0.41, 1.76) (Table 6).
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5. Single biologic DMARD agent vs. combination biologic
therapy

Twenty-seven studies included use of a single biologic DMARD
and two studies used combination biologic DMARDs. Estimates
could not be obtained for withdrawals since the model failed to
converge (Table 6).

6. Treatment duration with biologic DMARD: short (6
months or less), intermediate duration (œ 6 to 12 months)
or long-duration (œ 1 year)

Eighteen studies had a short duration, 9 had an intermediate-
duration and 2 had long duration. Biologic DMARDs led to more
withdrawals due to adverse events compared to placebo in short-
term trials, but not in intermediate- or long-term trials (Table 6).

7. Prior failure of TNF-biologic

Twenty-four studies had patients without prior failure of TNF bi-
ologics and 5 with prior TNF biologic-failure. Biologic DMARDs
were associated with more withdrawals due to adverse events com-
pared to placebo in both groups (Table 6).

Other outcomes

ACR70, ACR20 and overall withdrawals rates were available for
all biologic DMARDs and are presented by each drug inTable 7.
For both ACR70 and ACR20, all biologics except anakinra were
associated with signi�cantly better rates than placebo. Similarly, all
withdrawals were signi�cantly lower than placebo for abatacept,
adalimumab, etanercept and rituximab (Table 7). Anakinra and
in
iximab were similar to placebo with regards to total withdrawal
rates.

Table 7. Additional Ef�cacy and Safety Outcomes

OUTCOME RR (95% CI) P-value

ACR20

Abatacept 1.72 (1.38 , 2.15) ˜ 0.0001

Adalimumab 2.08 (1.71 , 2.52) ˜ 0.0001

Anakinra 1.22 (0.94 , 1.60) 0.1360

Etanercept 2.09 (1.58 , 2.77) ˜ 0.0001

In
iximab 1.71 (1.23 , 2.38) 0.0014
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Table 7. Additional Ef�cacy and Safety Outcomes(Continued)

Rituximab 1.93 (1.40 , 2.66) 0.0001

ACR70

Abatacept 3.40 (2.10 , 5.49) ˜ 0.0001

Adalimumab 4.01 (2.71 , 5.92) ˜ 0.0001

Anakinra 1.23 (0.64 , 2.39) 0.5314

Etanercept 3.02 (1.94 , 4.70) ˜ 0.0001

In
iximab 2.49 (1.47 , 4.24) 0.0007

Rituximab 4.48 (2.12 , 9.45) 0.0001

Total Withdrawals

Abatacept 0.60 (0.46 , 0.76) ˜ 0.0001

Adalimumab 0.77 (0.60 , 0.99) 0.0421

Anakinra 1.07 (0.77 , 1.48) 0.7014

Etanercept 0.52 (0.37 , 0.72) 0.0001

In
iximab 0.75 (0.50 , 1.12) 0.1613

Rituximab 0.39 (0.26 , 0.57) ˜0.0001

Data were analyzed using a contrast based REML linear mixed (meta-regression) model in SAS, adjusting for a 'Control Event Rate
×Duration of Trial' interaction;

The details of ACR70 by each drug are provided in the summary of
�ndings table (Table 1).Compared to placebo, patients receiving
each biologic except anakinra were signi�cantly more likely than
placebo to achieve ACR70. The RR of ACR70 with each biologic
DMARDs were as follows: abatacept, 3.40 (95% CI 2.10 to 4.94);
adalimumab, 4.01 (95% CI 2.71 to 5.92); anakinra, 1.23 (95% CI
0.64 to 2.39); etanercept, 3.02 (95% CI 1.94 to 4.70); in
iximab,
2.49 (95% CI 1.47 to 4.24); and rituximab, 4.48 (95% CI 2.12

to 9.45).

The risk of overall withdrawals from biologic DMARDs was signif-
icantly lower compared to control/placebo at 0.65 (95% CI 0.56
to 0.76). Patients were signi�cantly less likely to withdraw from
therapy with abatacept, adalimumab, etanercept or rituximabas
compared to control/placebo. For anakinra or in
iximab, the total
withdrawals were not signi�cantly lower than control/placebo.
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HAQ scores as continuous outcomes were available for all re-
views except abatacept for which categorical outcome of HAQ de-
crease by minimal clinically important change was provided. Ra-
diographic progression/scores were reported by even fewer stud-
ies. Similarly, other outcomes as pre-speci�ed in our protocol were
not available from most reviews to perform statistical compar-
isons. However, these are important outcomes for both patients
and physicians, and are therefore provided in the Summary of
Findings tables (Table 2; Table 3).

The SAS codes for GLINMIX codes are provided in Appendix 6
and Appendix 7.

Summary of safety warnings from regulatory agencies

Evidence from RCTs is limited in informing patients and physi-
cians regarding uncommon or rare adverse events. In the section
below, we summarize with warnings from the FDA, EMEA and
Health Canada, the regulatory agencies in the USA, Europe and
Canada, respectively.

Abatacept

No recent warnings have been issued with regard to abatacept.
On the product label of abatacept, the FDA warns against known
safety implications reporting, \In controlled clinical trials, patients
receiving concomitant abatacept and TNF antagonist therapy ex-
perienced more infections (63%) and serious infections (4.4%)
compared to patients treated with only TNF antagonists (43% and
0.8%, respectively). Concurrent administration of a TNF antag-
onist with abatacept has been associated with an increased riskof
serious infections and no signi�cant additional ef�cacy over use of
the TNF antagonists alone" (FDA 2007). Furthermore, the FDA
reports that, \rare occurrences of anaphylaxis or anaphylactoid re-
actions have been observed in two of 2,688 patients treated with
abatacept in clinical trials" (FDA 2007). Trials have also shown
that, \COPD patients treated with abatacept developed adverse
events more frequently than those treated with placebo, including
COPD exacerbations, cough, rhonchi, and dyspnea" (FDA 2007).
The effects of abatacept on pregnant women, pediatric patients,
and the development of malignancies is \not yet fully understood"
(FDA 2007). The European Medicines Agency (EMEA) reports
the adverse reactions in patients treated with abatacept, ranking
the occurrences of such reactions as very common (� 1/10); com-
mon (� 1/100 to ˜ 1/10); uncommon (� 1/1,000 to ˜ 1/100);
rare (� 1/10,000 to ˜ 1/1,000); and very rare (˜ 1/10,000).EMEA
2009areports increase in blood pressure, abnormal liver function
test (transaminases increased) and headaches are very common ad-
verse reactions. Dizziness, cough, rash including dermatitis, diar-
rhea, nausea, dyspepsia, abdominal pain, lower respiratory tract
infection (including bronchitis), urinary tract infection, herpes
simplex, upper respiratory tract infection, hypertension, 
ushing,
fatigue and asthenia are common (EMEA 2009a). Overall, \the
most commonly reported adverse events (occurring in 10% or
more of patients) were headaches, upper respiratory tract infec-

tion, nasopharyngitis, and nausea. The adverse events mostcom-
monly resulting in clinical intervention were due to infection" (
FDA 2007).

Adalimumab

The updated 2008 FDA label for adalimumab reports \Serious
infections, sepsis, tuberculosis and cases of opportunistic infec-
tions, including fatalities, have been reported with the useof TNF
blocking agents including Humira® [adalimumab]" (FDA 2008).
\Other serious infections seen in clinical trials include pneumo-
nia, pyelonephritis, septic arthritis and septicaemia. Hospitaliza-
tion or fatal outcomes associated with infections have been re-
ported" (EMEA 2009b). Furthermore, hepatitis B reactivation has
been shown to be associated with adalimumab treatment (Health
Canada 2006). The FDA reports, \As observed with other TNF
blocking agents, tuberculosis associated with the administration
of Humira® in clinical trials has been reported" (FDA 2008).
In rare instances, adalimumab has been associated with, \new
onset or exacerbation of clinical symptoms and/or radiographic
evidence of demyelinating disease including multiple sclerosis" (
EMEA 2009b). Furthermore, \In the controlled portions of clin-
ical trials of some TNF-blocking agents, including Humira, more
cases of malignancies have been observed among patients receiving
those TNF blockers compared to control patients" (FDA 2008).
\Some of these hepatosplenic T-cell lymphomas have occurred in
young adult patients on concomitant treatment with azathioprine
or 6-mercaptopurine used for Crohn's disease". Thus, the riskof
the development of hepatosplenic T-cell lymphoma cannot be
excluded for patients treated with adalimumab (EMEA 2009b).
Though the causal relationship of hematological reactions andthe
use of adalimumab remain unclear as of 2008, the FDA label
states, \Rare reports of pancytopenia including aplastic anemia
have been reported with TNF blocking agents". Furthermore, the
FDA reports \Treatment with Humira® [adalimumab] may result
in the formation of autoantibodies and, rarely, in the development
of a lupus-like syndrome" (FDA 2008).

Anakinra

Anakinra leads to an increased rate of infections (2%) versus
placebo (less than 1%). Following the EMEA standard of classi�-
cation of frequency of the occurrence of \undesirable effects" men-
tioned above, neutropenia and serious infection requiring hospi-
talization were common (between 1/10 and 1/100) and headaches
and injection site reactions were very common occurring in 1/10
or more patients treated with anakinra (EMEA 2004). \A… clin-
ical trial sponsored by Amgen Inc. showed a higher incidence of
serious infection and of neutropenia in anakinra and etanercept
combination group than patients receiving Enbrel [etanercept]
alone and higher than observed in previous trials where Kineret
[anakinra] was used alone (EMEA 2003), therefore, the use of
etanercept and anakinra is not recommended as it leads to safety
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complications)". Furthermore, the FDA reports in its most recent
report on anakinra that \Hypersensitivity reactions associated with
Kineret [anakinra] administration are rare" (FDA 2001). More-
over, the FDA reports the effects of anakinra on the hematologic
conditions of patients stating that, \In placebo-controlled studies
with Kineret® [anakinra], treatment was associated with smallre-
ductions in the mean values for total white blood count, platelets,
and absolute neutrophil count (ANC), and a small increase in the
mean eosinophil differential percentage" (FDA 2001). With re-
gard to the development of malignancies for patients treatedwith
anakinra, trials show that, \among 5300 RA patients treatedwith
Kineret [anakinra] clinical trials for a mean of 15 months (ap-
proximately 6400 patient years of treatment), lymphomas were
observed for a rate of 0.12 cases per 100 patient years. This is3.6
fold higher than the rate of lymphomas expected in the general
population, based on the National Cancer Institutes Surveillance
Epidemiology and End Results (SEER) database" (FDA 2001).

Etanercept

In the post-marketing reports of etanercept, \Infections, including
serious infections leading to hospitalization or death, have been
observed in patients treated with Enbrel® [etanercept]" (FDA
2008b). Furthermore, \Data from clinical trials and preclinical
studies suggest that the risk of reactivation of latent tuberculosis
infection is lower with Enbrel® than with TNF-blocking mono-
clonal antibodies. Nonetheless, post-marketing cases of tubercu-
losis reactivation have been reported for TNF blockers, includ-
ing Enbrel® [etanercept]. Patients receiving Enbrel® should be
monitored closely for signs and symptoms of active tuberculosis.
The possibility of tuberculosis should be considered, especially in
patients who have travelled to countries with a high prevalence of
tuberculosis or had close contact with a person with active tuber-
culosis. All patients treated with Enbrel® should have a thorough
history taken prior to initiating therapy" (FDA 2008b). This �nd-
ing is also stated in an important health warning issued by Health
Canada in 2006 (Health Canada 2006).
Furthemore, etanercept has been associated with the risk of histo-
plasmosis and other invasive fungal infections.Health Canada
2009 states, \...although no histoplasmosis infections were re-
ported among 17,696 patients from the United States and Canada
who were treated with Enbrel®, in 38 clinical trials and four co-
hort studies involving all authorized indications, post marketing
cases of serious and sometimes fatal fungal infections, including
histoplasmosis, have been reported with TNF blockers, including
Enbrel®." The FDA also outlines the risk of nervous system com-
plications stating, \nervous system complications such as multiple
sclerosis, seizures, or in
ammation of the nerves of the eyeshave
occurred in rare cases" (FDA 2008b).
Infections, including serious infections leading to hospitalization
or death, have been observed in patients treated with Enbrel®
[etanercept] (FDA 2008b). The FDA reports on the risk of malig-
nancies for patients on etanercept treatment, stating \Patients have

been observed in clinical trials with Enbrel® for over �ve years.
Among 4462 rheumatoid arthritis patients treated with Enbrel®
in clinical trials for a mean of 27 months (approximately 10000
patient-years of therapy), lymphomas were observed for a rateof
0.09 cases per 100 patient-years. This is 3-fold higher than the
rate of lymphomas expected in the general population based on
the Surveillance, Epidemiology, and End Results Database. Rare
reports of pancytopenia including aplastic anemia, some witha
fatal outcome, have been reported in patients treated with En-
brel®" (FDA 2008b). The FDA also reports, \Treatment with
Enbrel® may result in the formation of autoantibodies and, rarely,
in the development of a lupus-like syndrome or autoimmune hep-
atitis which may resolve following withdrawal of Enbrel®" (FDA
2008b).
The use of etanercept has also been associated with the relapseof
hepatitis B (Health Canada 2006).

In
iximab

In its recent revised report on in
iximab, the EMEA reports onthe
risk of infusion reactions and hypersensitivity, stating, \An infu-
sion-related reaction was de�ned in clinical studies as any adverse
event occurring during an infusion or within 1 to 2 hours after
an infusion. In clinical studies, approximately 20% of in
iximab-
treated patients compared with approximately 10% of placebo-
treated patients experienced an infusion-related effect. Approxi-
mately 3% of patients discontinued treatment due to infusions
reactions" (EMEA 2009a). In
iximab is also associated with the
relapse of hepatitis B as reported by Health Canada in 2006 (
Health Canada 2006). \Opportunistic infections have been re-
ported in patients treated with in
iximab, suggesting thathost
defence against infection is compromised. It should be noted that
suppression of TNF-alpha may also mask symptoms of infection
such as fever." There is also a possible association between in
ix-
imab and heptosplenix T-Cell lymphoma in pediatric and young
adult patients with Crohn's disease (Health Canada 2006b).
\In a study designed to evaluate Remicade® [in
iximab] in con-
gestive heart failure (CHF), 150 patients with moderate to se-
vere (NYHA class II-IV) CHF were treated with three infusions
of Remicade 5mg/ kg, or placebo over six weeks. Higher inci-
dences of mortality and hospitlization for worsening heart failure
were seen in those patients treated with Remicade®, especially
have treated with the higher dose of 10mg/kg. At present 7 outof
101 patients treated with Remicade® have died compared to no
deaths among 49 patients on placebo" (EMEA 2001). In a May
2009 revision of the Remicade label, the FDA warns, \Serious and
sometimes fatal infections due to bacterial, mycobacterial, invasive
fungal, viral, or other opportunistic pathogens have been reported
in patients receiving TNF- blocking agents. Among opportunis-
tic infections, tuberculosis, histoplasmosis, aspergillosis, candidi-
asis, coccidioidomycosis, listeriosis, and pneumocystosis were the
most commonly reported. Patients have frequently presentedwith
disseminated rather than localized disease, and are often taking
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concomitant immunosuppressants such as methotrexate or corti-
costeroids with Remicade®" (FDA 2009). In an investigation of
neurological events, EMEA reports \In
iximab and other agents
that inhibit TNF-alpha have been associated in rare cases with
optic neuritis, seizure and new onset or exacerbation of clinical
symptoms and/or radiographic evidence of central nervous system
demyelinating disorders, including multiple sclerosis, andperiph-
eral demyelinating disorders, including Guillain-Barré syndrome"
(EMEA 2009a).
The increased risk of developing lymphoma is also reported. \In
the controlled portions of clinical trials of all the TNF-blocking
agents, more cases of lymphoma have been observed among pa-
tients receiving a TNF blocker compared with control patients…
In the combined clinical trial population for rheumatoid arthritis,
Crohn's disease, psoriatic arthritis, ankylosing spondylitis, ulcer-
ative colitis, and plaque psoriasis, lymphomas were observed for
a rate of 0.10 cases per 100 patient-years of follow-up, which is
approximately 4-fold higher than expected in the general popula-
tion. Patients with Crohn's disease, rheumatoid arthritisor plaque
psoriasis, particularly patients with highly active diseaseand/or
chronic exposure to immunosuppressant therapies, may be at a
higher risk (up to several fold) than the general population for the
development of lymphoma, even in the absence of TNF-blocking
therapy" (EMEA 2009a).

TNF-blockers as a group

In 2008, the FDA issued a safety alert regarding anti-TNF bi-
ologic DMARDs, which stated that the risk of pulmonary and
disseminated histoplasmosis, coccidioidomycosis, blastomycosis
and other opportunistic infections were not consistently recog-
nized in patients taking tumor necrosis factor-alpha blockers (TNF
blockers including etanercept, adalimumab, in
iximab or cer-
tolizumab), which resulted in the delay of proper antifungal treat-
ment and at times led to death (FDA 2008a). The FDA reviewed
240 reports of histoplasmosis, an infection caused by the fungus
Histoplasma capsulatum, in patients being treated with Enbrel,
Humira, or Remicade. The majority of the reports involved people
in the Ohio River and Mississippi River valleys (the fungus iscom-
monly found in those areas). In at least 21 of the reports, histoplas-
mosis was initially not recognized by healthcare professionals, and
antifungal treatment was delayed. Twelve of those patientsdied.
The FDA recommended that for patients at risk of histoplasmo-
sis and other invasive fungal infections, clinicians should consider
empiric antifungal treatment until the pathogen(s) are identi�ed.

Rituximab

While no reviews exist for rituximab in the EMEA website and
Health Canada's reviews are outdated, the FDA provides its most
recent label for Rituxan® [rituximab] from 2008. In this label, the
possible safety complications of Rituxan® use included \tumor
lysis syndrome which necessitates clinicians to administer prophy-
laxis and monitor patients renal function, hepatitis B reactivation

with fulminant hepatitis, which can sometimes [be] fatal and the
risk of progressive multifocal leukoencephalopathy" (Drugs 2006).
FDA and Genentech informed healthcare professionals of impor-
tant emerging safety information about Rituxan®. \Two patients
died after being treated with Rituxan® for systemic lupus ery-
thematosus (SLE). Rituxan® is approved for the above indica-
tion and is prescribed off-label for other serious diseases and con-
ditions such as SLE. The cause of death was progressive multi-
focal leukoencephalopathy, a viral infection of the brain (thatis
caused by reactivated JC virus which is present in about 80% of
adults" (FDA 2006b). Further risks include \cardiac arrythmias
and angina" which can be life threatening, and \bowel obstruction
and perforation" (FDA 2008b).
Health Canada 2006also provide warnings of bowel obstruction
and perforation, \Reports of abdominal pain, bowel obstruction,
and perforation, in some cases leading to death, have been observed
in patients receiving Rituxan®. The majority of reports, including
all deaths, have occurred in patients receiving Rituxan in combina-
tion with chemotherapy for NHL [(non-Hodgkin's Lymphoma)]
indication. A causal relationship has not been established".

D I S C U S S I O N

Summary of main results

This is the �rst overview of Cochrane systematic reviews of bi-
ologic DMARDs for RA. We included updated reviews of six
biologic DMARDs, including abatacept, adalimumab, anakinra,
etanercept, in
iximab and rituximab in recommended approved
doses only.
Five of the six biologics were statistically signi�cantly better than
placebo in achieving ACR50, the main ef�cacy variable, as op-
posed to anakinra which was no different than placebo. The
likelihood of achieving ACR50 varied with different biologic
DMARDs. On the nominal level, all biologics had similar ef�cacy
for ACR50 in indirect comparisons; it was evident that anakinra
was half as ef�cacious as adalimumab, etanercept, and rituximab.
This is an important observation, in the absence of direct compar-
isons of these biologic DMARDs in RCTs. While we noted that
different types of patient populations were treated with different
biologic DMARDs, with some biologics being used more in pa-
tients with longer disease duration and more DMARD failures
than others, we are also aware of the limitations of such analy-
ses, even when they were pre-speci�ed. Most RCTs reported mean
duration of RA (used for de�ning early, established and late RA),
which may lead to ecological fallacy. Additionally, while thesedef-
initions of RA duration may not be universally accepted, these
were perhaps the only clinically acceptable de�nitions available
to us from the published literature available in existing Cochrane
reviews and other published literature.
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The main safety outcome was withdrawals due to adverse events.
Withdrawals due to adverse events were signi�cantly higher in pa-
tients allocated to treatment than in those allocated to placebo for
three biologic DMARDs, adalimumab, anakinra and in
iximab.
Abatacept, etanercept and rituximab did not differ signi�cantly
from placebo in withdrawals due to adverse events. Indirect com-
parisons for withdrawals due to adverse events showed that adal-
imumab, anakinra and in
iximab each were signi�cantly more
likely to lead to withdrawals compared to etanercept. This seems
to be driven primarily by low withdrawal rates in the etanercept
group due to better tolerability rather than higher rates inthe
other biologics. In clinical practice, These comparisons may have
implications for adherence to treatment with biologic DMARDs
in clinical practice.
The results from the other two ef�cacy outcomes, ACR20 and
ACR70 mirrored those for ACR50. This was very reassuring, con-
sidering the heterogeneity of studies. Similarly, resultsfor all with-
drawals were similar to withdrawals due to adverse events. Patients
were signi�cantly less likely to withdraw for any reason fromfour
of the six biologic DMARDs, namely, abatacept, adalimumab,
etanercept and rituximab, compared to placebo. Withdrawal from
anakinra and in
iximab were not different compared to placebo.
This provides patients and physicians with an estimate of overall
drug continuation. In clinical practice, use of these drugs is meant
for much longer duration than the duration of randomized trials,
most limited to 6-12 months. Additionally, these medicationsmay
be used in patients who may have higher comorbidity than those
enrolled in the RCTs. Therefore, these numbers are at best rough
guides for short- to intermediate-term continuation rates ofuse of
these biologic DMARDs.
Our overview provides means for indirect comparisons of the bio-
logics in the absence of head-to-head studies. Due to several lim-
itations outlined in the section below, these �ndings must bein-
terpreted with caution.
Strati�ed analyses showed lack of superiority of biologics asa group
compared to placebo in subgroups of patients with DMARD-
naive disease (2 studies), in long trial duration of one or more
years (2 studies) and use of multiple biologics for treatment (2
studies). Lack of signi�cance in all three instances seems to be
related to small sample size with type II error, rather than alack
of ef�cacy in these groups. These analyses also showed lack of ef-
�cacy of biologics compared to placebo in early RA (5 studies),
whereas biologics were more effective than placebo in established
and late RA. In most studies, placebo groups also received back-
ground methotrexate similar to the biologics groups, which isa
very effective DMARD for many patients. It is possible that in
early disease what matters the most is the initiation of DMARD,
not necessarily the type of DMARD or whether it is a single ver-
sus combination DMARD therapy. It is also possible that a small
sample size (5 studies) led to lack of signi�cance.

Overall completeness and applicability of
evidence

We had prespeci�ed ACR50 and withdrawals due to adverse events
as as the primary ef�cacy and safety outcome, which were reported
by almost all of the studies included in each Cochrane system-
atic review. The review includes completed and recently updated
Cochrane reviews of six biologics, therefore the evidence report is
up to date and current. In the absence of direct comparisons, this
study provides indirect comparisons of six biologics.

Quality of the evidence

Six Cochrane systematic reviews (Blumenauer 2003; Lethaby
2003; Lopez-Olivo 2008; Maxwell 2008; Mertens 2008; Navarro-
Sarabia 2005) with 31 studies were included in this overview of
reviews.
The quality of evidence re
ects the extent to which we are con�-
dent that an estimate of the effect is correct. It was assessed for each
important outcome in this review. The Cochrane Collaboration
recommends the use of GRADE in assessing quality of evidence (
Higgins 2008). For most systematic reviews method of random-
ization and allocation concealment were not described, although
some other de�cits were noted in other studies.
The AMSTAR rating was good for all reviews with minor excep-
tions.
Outcome measures for this overview of reviews were selected
following the recommendations of the Outcome Measures in
Rheumatolgy (OMERACT) group. Data on several important
outcomes such as HAQ and radiographic scores were not reported
in all the included reviews. Some measurements varied across the
reviews and meta-analysis was not possible. For example, radio-
graphic scores were not reported in the rituximab review. It was
impossible to pool the results for physical function as HAQ scores
were reported as a categorical outcome in the abatacept review and
as a continuous outcome in the other reviews. To combine results,
it is important that they are similar.
Complete risk of bias assessment was performed in two included
reviews. Risk of bias assessment had to be performed on the other
four reviews to complete the assessment of quality of evidence
in this overview of reviews. Some study characteristics were not
provided in the included reviews. These were obtained from the
original studies. The methods used in some included studies were
not clearly described and could be a source of potential bias.

Potential biases in the overview process

Our review has several limitations. Lack of reporting of manyim-
portant outcomes from RCTs (HAQ, SF-36 scores, radiographic
scores etc.) limited our ability to analyze them and compare them
between biologic DMARDs. Since our data extraction was lim-
ited to Cochrane reviews and not the original studies, it is possi-
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ble that we may not have captured all minor outcomes. However,
primary/major safety and ef�cacy outcomes were available for all
included reviews and for most studies within the reviews.
To our knowledge there are no head-to-head comparisons of ef-
�cacy and safety of various biologic DMARDs in patients with
RA. With the introduction of multiple DMARDs whose ef�ca-
cies have yet to be compared to one another, it is unclear which
biologic DMARD is more effective, safer, and best tailored todif-
ferent subgroups of patients suffering from RA. In the absence of
such direct comparisons, indirect comparisons such as these can
provide useful information. Indirect comparisons have several lim-
itations. RCTs differ in patient population characteristics,most
prominently in mean RA disease duration, prior failed therapy,
concomitant use of DMARDs and trial duration. Even though
several RCTs have been done for most biologics, we were limited
in that many biologics only had three to �ve studies. This makes
many of our analyses prone to type II error, i.e., missing a signif-
icant result, when difference exists between biologic DMARDs.
Therefore, these results must be interpreted with caution.
Additionally, some studies presented data on safety for alldoses
of the biologic, not just the recommended dose and in some cases
presented data for the entire study duration, including the open-
label phase. This limited our ability to get the data for the ap-
proved dose only during the randomized phase. Several studies
allowed continuation of DMARDs such as methotrexate in a pro-
portion of the patients, but not all patients - 58% of patients in
an anakinra study (Fleischman 2003) and 78% in an abatacept
study continued on methotrexate (Genovese 2005). These studies
make the placebo group heterogeneous compared to other studies,
where patients are usually randomized to placebo + methotrex-
ate or placebo alone. Some Cochrane reviews did not present key
information that was included in the randomized trials. Thisin-
cluded exclusion of ACR20 in the rituximab review (Lopez-Olivo
2008; full review in press) and withdrawals due to adverse events
in an anakinra review (Mertens 2008). We requested and obtained
this information from the authors of these reviews and included
it in this systematic review. Several key study characteristics were
impossible to extract from each Cochrane systematic review, itwas
therefore neccesary to abstract this information from individual
studies.
One must be careful in interpreting the odds ratios that may look
slightly different from each other numerically, but not statistically.
It is important to consider the 95% con�dence intervals while
interpreting these numbers.
JS and GW abstracted all data independently for this review. Most
review data had previously also been abstracted independently
by two review authors. This we believe minimizes errors in data
abstractions, and biases due to this error. The quality of RCTs
was reasonably good, although some RCTs did not report certain
quality characteristics.

Agreements and disagreements with other
studies or reviews

Our results agree with several similar analyses in the past.How-
ever, since our review has several more studies than included in
the previous reviews/overviews, some estimates differ, asexpected.
Additionally, our review includes six biologics used in standard
approved doses, while most previous reviews have included anti-
TNF biologic DMARDs with few exceptions, and many used
RCT data from non-standardized doses.
In a meta-analysis of RCTs of anti-TNF biologic DMARDs for
RA (Alonso-Ruiz 2008), compared to control treatment, the rel-
ative risk of achieving ACR50 was 2.6 for adalimumab, 2.1 for
in
iximab and 2.6 for etanercept. The relative risk of withdrawals
due to adverse events was 1.42 (1.01 to 1.99) for adalimumab,
0.70 (0.53 to 0.92) for etanercept and 2.04 (1.34 to 3.12) for
in
iximab compared to control treatment. The pattern of these
relative risks are very similar to those reported in our study.
In a systematic review of four biologics for RA, TNF-inhibitors
were similar to each other in ef�cacy, but seemed to be better than
anakinra (Gartlehner 2006). There were no differences between
three anti-TNF biologic DMARDs (adalimumab, etanercept and
in
iximab) and anakinra for achieving ACR50. Our study con-
�rms this �nding and extends it to comparisons of six biologics,
including abatacept and rituximab.
Kristensen 2007examined patients with established RA and based
on ACR50 following one year of therapy, estimated the NNTB
to be 8 (5 to 38) patients for in
iximab, 4 (3 to 6) for etanercept
and 4 (3 to 6) for adalimumab. Our NNT estimates for achieving
ACR50 were very similar to this previous study: 5 for in
iximab,
and 3 for etanercept and adalimumab. In comparison, we report
the NNTB for rituximab was 3 and for abatacept, 4 patients. We
have also provided NNTH for these biologic DMARDs.
Lee 2008indirectly compared TNF-inhibitors (etanercept, in
ix-
imab and adalimumab) to each other for RCTs of 50 weeks or
longer in RA . Three studies,Lipsky 2000(in
iximab); Klareskog
2004 (etanercept); andKeystone 2004(adalimumab), quali�ed
and were included. The RR (95% CI, P value) of achieving ACR
50 were as follows: etanercept versus in
iximab, 0.59 (0.27 to1.29,
P = 0.19); etanercept versus adalimumab, 0.37 (0.22 to 0.60, P ˜
0.0001); and in
iximab versus adalimumab, 0.62 (0.25 to 1.49,P
= 0.28). However, the authors failed to reduce the between study
variation, and did not interpret their data in absolute terms. With-
drawals due to adverse events among the three TNF inhibitors
were as follows: etanercept versus in
iximab, 1.01 (0.30 to 3.42,
P = 0.98); etanercept versus adalimumab, 0.38 (0.17 to 0.86, P
= 0.02); and in
iximab versus adalimumab, 0.37 (0.11 to 1.36,
P = 0.14). Our estimates differ from this study such that neither
ACR50 nor withdrawals due to adverse events were signi�cantly
different among the three TNF-inhibitors. This is likely dueto
inclusion of more RCTs and RCTs of all length in our study (in-
cluding those RCTs 50-weeks or more from Lee 2008).
Nixon 2007 performed indirect comparisons of TNF-inhibitors
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and anakinra for RA including RCTs with both standard approved
doses as well as RCTs with non-standardized doses (Nixon 2007).
ACR50 was similar between the various TNF-blockers, as in our
study, with odds ratios (95% CI) as follows: in
iximab/etanercept,
0.98 (0.45 to 1.93); adalimumab/etanercept, 0.94 (0.51 to 1.62);
and adalimumab/in
iximab, 0.96 (0.48 to 1.90).
Donahue 2008 performed a qualitative synthesis (and where meta-
analyses provided quantitative analysis) of RCTs, observational
studies and meta-analyses of traditional and biologic DMARDs
for RA (Donahue 2008). They reported that anakinra led to lower
ACR50 compared to anti-TNF drugs and similar ACR50 among
the anti-TNF drugs. These �ndings are in agreement with our
quantitative approach.
Previous studies have analyzed the risk of malignancy and seri-
ous adverse events from RCTs of in
iximab and adalimumab (
Bongartz 2006) and etanercept (Bongartz 2009). Odds Ratio of
malignancy was 3.3 (1.2 to 9.1) for all doses of in
iximab and
adalimumab and 2.0 (1.3 to 3.1) for serious infections, when com-
pared to control treatment. The risk of malignancy was 1.87 (0.75
to 5.59) in a patient level meta-analysis of etanercept versuscon-
trol treatment (Bongartz 2009). Due to a pre-speci�ed require-
ment that outcomes to be compared across six biologics should
have been presented in each review, these outcomes could not be
compared between biologics in our study, since they were not pre-
sented for all six biologics.

A U T H O R S ' C O N C L U S I O N S

Implications for practice

In the absence of direct comparisons of biologic DMARDs in pa-
tients with RA, practitioners are faced with a dilemma when choos-
ing biologic DMARDs, for patients who have failed traditional
DMARDs. This review provides summarization of data regarding
these six biologics for which Cochrane reviews have been com-
pleted and updated. Anakinra seems less ef�cacious than the other
�ve biologics and etanercept seems to lead to lower withdrawal
rates due to adverse events compared to adalimumab, anakinra
and in
iximab.

Implications for research

We believe that RCTs of direct head-to-head comparisons of bio-
logic agents in patients with RA are needed. These RCTs should
examine the relative ef�cacy and safety of biologics for various
stages of the disease (early, established and late RA), various lev-
els of functional limitation (mild, moderate and severe limitation)
and the nature of prior treatment (traditional DMARD-naive, tra-
ditional DMARD-failure, biologic-failure, multiple biologic fail-
ure).
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