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ABSTRACT
Background

The biologic disease-modifying anti-rheumatic drugs (DMA&RBs/ery effective in treating rheumatoid arthritis (RApew
there is a lack of head-to-head comparison studies.

Objectives
To compare the ef cacy and safety of abatacept, adalimumairaameddnercept, in iximab, and rituximab in patients Rith
Methods

This "Overview of Reviews' was done by including all CocheaigsvR on Biologics for RA availabl€hia Cochrane Librakife
included only data on standard dosing regimens for thegpdi@MARDs from placebo-controlled trials. The primary ef aady
safety outcomes were ACR50 and withdrawals due to advessé\/ealculated Risk Ratios (RR) for ef cacy, Odds Ratio (OR) for
safety and combined estimates of events across the plagebasgifoel expected Control Event Rate (CER). Indirect comparisons
of biologics were performed for ef cacy and safety usingrati@ldinear mixed model incorporating the most importaay-st

level characteristic (i.e. type of biologic) as a xed factotudgdcas a random factor; reducing the between study hetiydaene
adjusting for the interaction between the proportion amtatresponding on placebo and the duration of the trial.

Main results

From the six available Cochrane reviews, we obtained oas&¥en studies on abatacept, eight on adalimumab, ve ewanak
four on etanercept, four on in iximab, and three on rituximab

The indirect comparison estimates showed similar ef cac forittery ef cacy outcome for all biologics with three exceptions
Anakinra was less ef cacious than etanercept with a ratio(@53=6I; P value) of 0.44 (0.23 to 0.85; P = 0.014); anakinrasgas le
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ef cacious than rituximab, 0.45 (0.22 to 0.90; P = 0.023); aedide adalimumab was more ef cacious than anakinra, 2.3 (1.32
4.13; P =0.003).

In terms of safety, adalimumab was more likely to lead tvavithls compared to etanercept, with a ratio of ORs of 1.890(3.08;
P = 0.009); anakinra more likely than etanercept, 2.05 (1.229%0F3= 0.003); and likewise etanercept less likely thamirbix
0.37 (0.19 t0 0.70; P = 0.002).

Authors' conclusions

Based upon indirect comparisons, anakinra seemed lessisftbacietanercept, adalimumab and rituximab and etanesraptls
to cause fewer withdrawals due to adverse events tharmadh)iamakinra and in iximab. Signi cant heterogeneity iracheristics
of trial populations imply that these nding must be intigat with caution. These ndings can inform physicians areh{sati
regarding their choice of biologic for treatment of RA.

PLAIN LANGUAGE SUMMARY

Biologics for rheumatoid arthritis: an overview of Cochrameviews

This summary of a Cochrane review presents what we knowseancheabout the effect of biologics on Rheumatoid Arthrijis (RA
The review shows that in people with RA;

- abatacept, adalimumab, etanercept, in iximab, and raqmrobably improve signs of rheumatoid arthritis suchrastiher
of tender or swollen joints and other outcomes such as paisatitity

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

We do not have precise information about possible side @&fféctsmplications. This is particularly true for rare butuseside
effects. Possible side effects may include a serious infeqpar cespiratory infection. Rare complications may inchtigie tgpes
of cancer.

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

When you have rheumatoid arthritis, your immune system, mdrictally ghts infection, attacks the lining of your joint&in
them in amed. This in ammation causes your joints to be kaillen, stiff, and painful. The small joints of your handsfest
are usually affected rst. If the in ammation goes on wittreatment, it can lead to damaged joints. Once the joint igyddnta
cannot be repaired, so treating rheumatoid arthritis ®arlpartant.

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

Best estimate of what happens to people with rheumatoid &t who take biologics:
ACR 50 (number of tender or swollen joints and other doctor oafent assessed aspects of rheumatoid arthritis)

Among people who took abatacept, 47 people out of 100 egpdiimprovement in the signs of their rheumatoid arthritipa@uh
to 21 people out of 100 who took a placebo (26% absolute imgnayem

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

Among people who took anakinra 27 people out of 100 expdrigprevement in the signs of their rheumatoid arthritis acedp
to 21 people out of 100 who took a placebo (6% absolute imprayeme

Among people who took etanercept 61 people out of 100 egpdiiimprovement in the signs of their rheumatoid arthritiganeah
to 21 people out of 100 who took a placebo (40% absolute imgnayem

Among people who took in iximab 45 people out of 100 experiemprovement in the signs of their rheumatoid arthritiganeh
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 expedé@nprovement in the signs of their rheumatoid arthritipareah
to 9 people out of 100 who took a placebo (51% improvement).

Side effects

Among people who took adalimumab 8 people out of 100 droppetitbe 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 thet 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 droppedfahe 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 droppedecatise of side effects with abatacept, etanercept, and lin ixima
compared to people who took a placebo (fake pill).

BACKGR N D
CKGROU 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
Description of the condition with MTX in patients with a suboptimal response to MTX. The
biologic DMARDs include three tumor necrosis factor inhjtor
Scott 2008%: in iximab (REMICADE, approved 1998 inthe U.S.)
(FDA 1999, etanercept (ENBREL, approved 19884 1999,
and adalimumab (HUMIRA, approved, 2002pA 2009); anti-
CD28 therapy - abatacept (ORENCIA, approved 208B)A(
2005 FDA 20083; anti-IL1 therapy - anakinra (KINERET, ap-
proved 2001)KDA 2007); and anti-B-cell therapy - rituximab
(RITUXAN/MABTHERA, approved 1997 for lymphoma and
Lubeck 2004 2006 for RA) Drugs 2008. These biologic DMARDSs have been

Treatment 9?“0”5 for rheumatoid arthritis mclu_de. norga'pproved for use in RA patients internationally, althdwegimt
steroidal anti-in ammatory drugs (NSAIDs), glucocorticoials, t{jications for use differ slightly between countries.
ditional DMARDSs (disease-modifying anti-rheumatic drugs, e.

methotrexate, sulfasalazine, hydroxychloroquine, feidagocy-

closporine) and biologic DMARDs. The use of DMARDs leads . . .

to an improvement in pain and functioning for patients wiffoW the intervention might work

RA as well as more long-term outcomes such as reduced ragéomechanism of action of the biologic DMARDSs is summarized
graphic progressioRickh 2006 Pincus 200pand disability ( in the individual Cochrane systematic reviews and is naterepe
Cash 1994Strand 2008 here for brevity. The systemic and jointin ammation in Raeis
diated by activation of T-celSdpe 2008 B-cells, macrophages
(Szekanecz 200and other immune cell/6olley 2003 These
interactions lead to expression of chemokines, metallgsete

and in ammatory cytokines such as tumor necrosis factor-alpha
The introduction of biologic DMARDs has revolutionized th@NF-alpha) and various interleukins (IBygnnan 2008Choy
management of RA. Biologic DMARDs, although not achi€801). Interaction of lymphocytes and in ammatory cytokines
ing remission often, provide clinically important impromémewith host cells such as broblasts, osteoclasts and chondrocytes
in pain and function in patients not responding to traditionkeads to bone and cartilage destruction, a hallmark Bf&@#an
DMARDSs such as methotrexate. Biologic DMARDs appear2@08 Connell 2008. It is possible that, due to different contri-
have fewer side-effects and have much greater success in ddatiamg of these cytokines and processes to the diseasie®xpres
structural joint destruction than methotrexate. Biologicaah the use of therapy targeting one cytokine may be more ef cacious
more costly than traditional DMARDs. or safer than therapy targeting other mechanisms. As leie y d

Rheumatoid arthritis (RA) is a systemic in ammatory didease
acterized by in ammation of the synovial lining of the joiaets
dons and periarticular structuresg 2001 RA affects 0.5% to
1.0% of the population in Western countri€gi¢n 2004. Un-
treated, RA leads to joint destruction, functional limitadied
severe disabilitpfegard 2005velin 2007 and has a signi cant
impact on health-related quality of life (HRQoKyién 200%

Description of the interventions
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scribed above the mechanism of action differs between the bidtodetermine the comparative ef cacy and safety of curreiitly ava
ics (TNF-alpha versus Interleukin-1 versus B-cells versus Tbklbiologic DMARDSs in adults with rheumatoid arthritis.
co-stimulatory molecule).

Furst 2008summarized the speci cs regarding the use of each

biologic DMARD in their consensus statement as follows: METHODS

\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 drugsareal = o . . )

effective for the treatment of RA in MTX-naive patients arel h&fiteria for considering reviews for inclusion

been used successfully with other DMARDs such as sulfasal@gifipleted/updated/available Cochrane systematic mfviiws

and le unomide. ologic DMARDSs for RA.
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. earch methods for identi cation of reviews

3. Abatacept is recommended for treatment of active RA, alone

or with background DMARDSs, in patients with an inadequatée searched the Cochrane Database of Systematic Reviews using
response to MTX or another effective DMARD. the search term \Rheumatoid" in the title. We scrutinized thes

4. Rituximab is approved in the USA for the treatment of modtitles for systematic reviews of biologics in rheumatbidtiart
ate-to-severe RA in patients who have had an inadequatgserespon

to at least one TNF blocking agent or have at least moderatergb%s of studies

ease activity despite MTX therapy. It may be used alone orin cgm h " i . f domized trolled trial
bination with MTX. It may also be used when TNF inhibitors al ochrane systematc reviews of randomized confrofied tnais

r . . : . -
. " (ElCTs) of biologic DMARDs including but not limited to abat-

not suitable. . . S .
acept, adalimumab, anakinra, etanercept, in iximab, and rit
imab in patients with RA. A review was included if it contained
at least one RCT, had clinically relevant outcomes, and included

Why it is important to do this overview clear inclusion and exclusion criteria for studies.

- We only included studies using the standard dosing regifmens o

As shown in the six Cochrane systematic review publigtes in

Cochrane Librarhese six biologic DMARDs all provide c|inF_hese biologic DMARDSs. Speci cally, the studies with tranfoll

ically important improvement in pain and disability in ineat |ng_dose§: abatacept evgry4vyeeksintravenous|y at 508img dos
RA, compared to placebo. The existing six Cochrane syste§gnts ~60kg, 750 mg in patients 60 kg to 100 kg and 1000 mg
reviews, however, only reviewed each agent on its owrts Patigatients ce 100 kg, after the initial dosing regimen éhbase
clinicians and policy-makers need to know if there are any imgdind 4-week infusions; adalimumab 40 mg subcutaneous every
tant differences between them in terms of ef cacy and safety.44V€€ks; anakinra 100 mg subcutaneous every day; etanercept 25
ally this requires head-to-head comparison studies. To aili krfd'd Subcutaneous twice weekly; in iximab: 3 mg/kg intravenous
edge only one study to date had two biologic arms (abatacepE4REY 8 Weeks after initial dosing at 0, 2 and 6 weeks; aibxim

in iximab) but this study was only powered for comparisonst‘ﬁ‘)O 1000 mg IV doses 2 weeks apart.

placebo, not the two biologics to each ot&ehiff 2008. In the

absence of head to head studies, indirect comparisons peovidgpes of participants

best evidence for demonstrating any differences betwesilthe & 115 18 years or older, with RA meeting the 1987 American

able biologicsfistensen 2097When randomized trials fail tocgjlege of Rneumatology Classi cation criteria for RAett
make head to head comparisons, a common comparator caRds.

used to make an indirect comparissong 2008

This is an overview of several Cochrane Systematic rdviews.
differs in methodology from Cochrane Systematic reviehs, ;I—Mp
that it is not intended to examine only one intervention fo¢ R Biologic DMARDs (including abatacept, adalimumab, anakinra,
Becker 2008 It aims to systematically review the existing updagé@nercept, in iximab, rituximab and other biologic DMARDs

Cochrane systematic reviews of Biologic DMARDSs for RA. 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.

| )
es of interventions

OBJECTIVES Types of outcome measure

Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review) 4
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Primary/major outcomes Data collection and analysis
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 . i
global assessment, physician global assessments paIWe included all completed/updated/available Cochrane system

scores, Health Assessment Questionnaire (HAQ) score,atic reviews of biplogic DMA_RDs for RA, if they had been com-
and acute phase reactants (Erythrocyte Sedimentation pleted and submitted for review and/or updated by 30 May 2009

Rate (ESR) or C-Reactive Protein (CRP)fig 2006 Other systemgtlc rewews We.re not |ngluded as it was thasght t
would be duplicative. If a review was incomplete and/or not up-

dated recently, we contacted the authors of the review and re-

Selection of reviews

Felson 1996 ACR50 was chosen as clinical and statis-

tical evidence shows that this is the preferred endpoint ;

for contemporary RA clinical trials guested data and/or an update to the review.
2 Withdrawals due to adverse events was used as aTwo authors (JS and RC) reviewed the results qf the .sefm;h (titl

proxy measure of safety; and abstracts), and obtained the full text of reviews idkas e

' relevant for review.

Minor outcomes Data extraction and management

1. ACR20 and ACR70 de ned as 20% and 70% im-  Two authors (JS and GW) independently extracted data from the
provement in variables de ned above under major out- reviews using a prede ned data extraction form created as a Mi-
come Felson 1996 crosoft Exc@lspreadsheet. A third author (ML) double-checked

2. Total number of Withdrawals. the data entry. Disagreements were resolved by discussion. W

3. Continuous: changes in either Disease Activity obtained additional information from the original RCT r&po
Score (DAS), a composite index of tender and swollen where necessary.
joint counts, patient global assessment and E®R (
der Heijde 199Bor DAS28 scordPfevoo 1996

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 ce 1.2 Two authors (JS and GW) independently evaluated the method-

Assessment of methodological quality of included
reviews

from baseline with a nal DAS ~ 2.4 (or DAS 28 ~ ological quality of the included studies for each included.revie

3.2) (Fransen 200%an Gestel 1996(b) low disease

activity de ned by DAS ™ 2.4 or DAS28 ~ 3.Eansen Quiality of included reviews

2005 van Gestel 1996(c) remission de ned as DAS  Tyo authors (JS and GW) independently assessed the method-
1.6 or DAS28 " 2.6 fransen 200%revoo 1996 ological quality of the included reviews using the 'asses§men

5. Quality of Life, measured by Short-Form-36 *(SF-  mytiple systematic reviews' (AMSTAR) instrur®eé 2007

36) (i.e. continuous data, 8 domains; and two summary The AMSTAR instrument uses the following assessmenacriteri
score, physical and mental component summary) and 1 \was an a priori design provided?

function measured by HAQ score or modied HAQ 2 \was there duplicate study selection and data extraction?

calculated as score changeeg 198pPincus 1988 3. Was a comprehensive literature search performed?
and the proportion achieving minimally clinically im- 4 was the status of publication (i.e. grey literature) used as
portant difference on HAQ oe/= 0.2%e(ls 1993. inclusion criterion?
6. Radiographic  progression, as  measured 5 \was a list of studies (included and excluded) provided?
by Larsen/Sharp/modi ed Sharp scokessen 1977 6. Were the characteristics of the included studies provided?
Sharp 197]1van der Heijde 1999 7. Was the scienti ¢ quality of the included studies assedsed a
7. Number and type of adverse effects (AESs). documented?
8. Withdrawals due to lack of ef cacy. 8. Was the scienti ¢ quality of the included studies used-appro
9. Death

priately in formulating conclusions?

We recognize that randomized controlled trials includedsin i were the methods used to combine the ndings of studies
overview are limited in their ability to assess safetyeVééotle 5nnropriate?

also searched the U.S. Food and Drug Administration (FDA) wgb\was the likelihood of publication bias assessed?
site for labels and warnings. We also searched others@uli&+ r 11 \nas the con ict of interest stated?

tory agencies' web sites from Canada (Health Canada) angl Europ

(European Medicines Agency, EMEA) to summarize warnings re-. . o )

lated to each of the biologic DMARDS. Quality of evidence in included reviews

Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review) 5
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Two authors (JS and ETG) independently assessed the otgralbf biologic) using anotr@mpirical Baystatistical approach
quality of the evidence for each study/outcome using the GRABES PROC MIXED) Nlormand 1999 Thompson 1999van
approach Atkins 2003. The GRADE approach speci es fouHouwelingen 2002 The linear mixed (REML) model applied,
levels of quality: with drug as a xed factor and study as a random factor, in order
to reduce the between-study varian@e If was anticipated that
the observed 'Control Event Rate' and the trial duratiofdveeu
important effect modi ers thus these were included in thelmode
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 SA
programs for the ef cacy data are available as appendices. As a
enote, 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 caeghdtvo
Authors could downgrade randomized trial evidence by on#reatments (A and B, for example) by combining both direct and
two levels depending on the presence of ve factors: 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 compavigils (
2009.
In cases where direct and indirect evidence are conttafobu]l
2009, it is prudent to assess the assumption of consistency or
expand the model to include inconsistency (i.e. non-trangivity)
Salanti 2008 However, as this meta-analysis (unfortunately) did
not include any direct evidence, no formal evaluation of isconsi

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 cas
series/case reports.

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 tency applied.
For the particular case of only two subgroups, the difference be
Statistical Analyses tween the subgroups was assessed using a procedure itbanalogy

mg one described by BuchBug¢her 199y by subtracting two
| _gtransformed variables, based on the hierarchical models.
Ir%e main analysis in this systematic review was the compfriso
e H%ferent drugs' ef cacy (i.e. ACR50) and safety (withidrawa
ally independent estimates using risk ratios (RR) and tidsls r. ue to adverse events). In qrder to. compare the ef cacy of each

. rur% we used a so-called hierarchical model. Although handled
(OR) as effect measures. For data on withdrawals due to adverse - . i L

via one big model; the summary statistics were subsequently co

events we anticipated that events might be ratheBradb(rn :
. r nto the number n I nent (NNTH) an
2007 Sweeting 2004 In order to handle these expected spayseeted into the number needed to treat to benen t ( ) and

ta, anmpinclBayes (reamenta gy 200p- [T PSS 0ot 0 e (WD o i e
proach was applied: the GLIMMIX procedure was used to m%c?é] ' 9 P

- . . e .pber of responders within the available studies as prdxy @t
empirical counts and proportions from the various clinidal tria P proxy

The GLIMMIX procedure is a feature in SAS/STAT (SAS Insﬁ?ded rate of responders in a given RA populdiiiag 2009

tute Inc., Cary, NC, USA). PROC GLIMMIX performs estima. con denc_e mtervalsfc_)rthe results of individual stud@h_ﬁie
. L . . . overlap, this generally indicated the presence of stdteticat
tion and statistical inference for generalized linear modslian eneity. Methods have been developed for quantifyingisacons
(GLMMs) (Platt 1999. A generalized linear mixed model exten?s Y P 9 9

§ . . . ency across studies that move the focus away from testireg wheth
the class of generalized linear models by incorporatindlyiorma Y y %

- .. heterogeneity is present to assessing its impact on thaaheta-a
distributed random effects; as they are modelled on theckdgit 9 yisp 9 P ane

is Higgins 2002. A useful statistic for quantifying inconsistency
these summary data are presented as (GLIMMIX) OR rathert?ga“?e ? value Higgins 2003. In all the forest plots presenting

RR values.
On the other hand, the ef cacy data (ACR- 20, 50, and 70) Wg}“feect measure data per drug, the average (random-effegts model

analyzed using a Restricted Maximum Likelihood (REML) IF}EpHEd as default optioRérsimonian 200#or illustrative pur-

. . L . ! oses, and we usé€dvialues to evaluate inconsistencies across
ear mixed model in SAS, adjusting for important patient cHar

L : . : interpr I ifferen notrel randanon:
acteristicsJalanti 2009 The hierarchical model was used as In{ugs terpretable as differences not related tora bl
incorporates the most important study-level characteristic (i.

For dichotomous outcomes (i.e. the number of patients achie
more than 50% symptomatic improvement, and those who wi
drew due to adverse events), we performed the meta-analyt
combining trials of various drugs versus placebo to obtain m

Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review) 6
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Sub-group analyses/planned comparisons

We compared the six biologic DMARDSs with regard to ef cacy
and safety as the main analysis. In addition, we performed th
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 ye&wsefs 200)Lvs.
established RA, duration 2 t010 years vs. late RA de-
ned as ce 10 yeaBaflow 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. Treatmentduration with biologic DMARD: Short
("= 6 months), intermediate duration (ce 6 to 12
months) or long-duration (ce 1 year)
7. Previous TNF-failure versus non-failure

RESULTS

Description of included reviews

Figure 1shows the details of reviews that were considered and
met the criteria for inclusion in this overview. Of the 54wavie
identi ed, seven reviews were of potential interest. @isavre
(certolizumab) was at the protocol stage and did not have any
data available for analysis. Thus, six Cochrane revievirs- were
cluded in this overview - abatacéfaxwell 2008 adalimumab
(Navarro-Sarabia 200%nakinra Nlertens 2008 etanercept (
Lethaby 2008 in iximab (Blumenauer 20Q3and rituximab (
Lopez-Olivo 2008(listed alphabetically here and throughout the
overview and analysis).

Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review)
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Figure 1. Study ow chart

Reviews selected from the Cochrane Library {= 54)

Reviews excluded (= 47):
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Review excluded after scrutiny (= 1):
— ™ - Ceolizumak Pegol no data available [Pratacol]

Y

Cochrane reviews included in ‘Overview of reviews’ (= 6):
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(2) Iniximab: \All randomized controlled trials comparing in-

Methodological quality of included reviews iximab 1, 3, 5 or 10 mg/kg with methotrexate (MTX) to MTX
_ _ _ alone, or without MTX to placebo, with a minimum duration of
Quality of included reviews 6 months and at least 2 infusions were eligible."

. . . . _ 632) Adalimumab: \All randomised controlled trials (RCTs) or
A priori, the research question and inclusion criteria were pro  ———— " . . .
. . . . . ) controlled clinical trials (CCTs) comparing adalimumab alone or
vided in the published protocols of all six reviews: aba(ac?ﬁtcombination Wwith DMARD:S to placebo or other DMARDS."
Maxwell 2008 adalimumabNavarro-Sarabia 2008pdate in P :

rees).ansitetns 209 stnereot vy z00au. (%) AARKE Ao ses ol S (RCTS) corper
date in press), iniximabB(umenauer 20Q3and rituximab ( 9 g

Lopez-Olivo 2008ull review in press). ics to placebo or other DMARDs or biologics in patients with

Two authors (JS and GW) independently selected studiesrheHmatOId athmIS will be cor15|dered. . .

- . ) (%5] Abatacept: \RCTs comparing abatacept alone or in combina-
extracted data from each of the six reviews: abatdagpief tion with DMARDS to placebo or other DMARDSs. There will be
2008, adalimumabNavarro-Sarabia 200%nakinra lertens P ’

2008), etanerceptethaby 2008 in iximab (Blumenauer 2003 no restr!cthns W_'th regard to do_sage_ or gluratlc_m of mt&.méh
oo . (6) Rituximab: \Treatment with rituximab in combination
and rituximab l(opez-Olivo 2008 —_—

T . . with any DMARD or rituximab alone versus placebo or other
We conducted a comprehensive literature search in all sig re y P

@hmeraer 2002ty 200L0pez Ol 200l 1S 10005 o ol e Do
2008 Mertens 2008\avarro-Sarabia 200&ithout any language g g,

restriction. We also searched grey literature mg/n? and 600 mg/h-"
) grey : The participants included in the reviews were similar:

All six reviews provided a list of included and excludedsstuﬂe Etanercent: \Patients 16 vears of age or older meeting the
as well as the characteristics of the included stBidie®fauer Sanercept. Y 9 9

2003 Lethaby 2003 opez-Olivo 2008Viaxwell 2008Mertens ACR 1937 revised cr_lterla_\(nett 1988 for RA. Patients had to
. have evidence of active disease as demonstrated by atd&ast two
2008 Navarro-Sarabia 2005

. . L . Tender joint count; 2. Swollen joint count; 3. Duration dfjea
All six reviews assessed and documented the scienti chual}ryornin stiffness ce 30 minutes; 4. Acute phase reactants such as
included studieB{umenauer 2003 ethaby 2003Lopez-Olivo 9 " P

2008 Maxwell 2008Mertens 2008Navarro-Sarabia 2005 Westergren erythrocyte sedimentation rate (ESR) or C reactive

. . . . rotein (CRP)."

All six reviews considered the results of the methodolegikal (. . ) ) . .
. . . . . In iximab: \Patients at least 16 years of age meeting the
ity assessment in the analysis. The conclusions wereedaailal —— L .

. . CR 1987 revised criteriarfett 1988 for RA. These patients
four out of six reviews (66.7%), abatacelatx(vell 2008 adal- . . )
. . . must have evidence of active disease as demonstratedtby at leas
imumab (Navarro-Sarabia 200%nakinralertens 2008 and : o . . .

. A 2 of: 1. Tender joint count 2. Swollen joint count; 3. Duration

etanerceptthaby 2008. Two reviews [in iximabBlumenauer . . . )

N . L of early morning stiffness ce 30 minutes.; 4. Acute phas#seacta
2003 and rituximab l(opez-Olivo 2008 were still in progress . .

: such as Westergren erythrocyte sedimentation rate (ESR) or C-

and had no conclusions yet.

All six reviews used appropriate statistical methods teqats reactive protein (CRP).

(Blumenauer 20Q3.ethaby 2003Lopez-Olivo 2008Maxwell i)meﬂ%bé \C)F;zgr?;zsmv:tt;gon ;rgg? rzei:ggirngg& the
2008 Mertens 2008Navarro-Sarabia 2005 9 9y

. . L . 1 , who h i i ned in r . Patien

Three out of six (50%) reviews assessed publication béasathat 989, who .a d active disease as de ned in every study. Patients
) o . . .who have failed methotrexate or other DMARDs therapy, and,

anakinra, etanercept. Publication bias was not applicabée in

S . . . . DMARDSs naivi ients."
in iximab review (16.7%) because |tonIy|ncIudedthreestumI|easo' . s aive patients .

. L L . 4) Anakinra: \Adults aged 18 years and above meeting the ACR
was not possible to determine if publication bias had besseaks . ——— .. . . . N
. . . ) . . 1987 revised criteria for rheumatoid arthrimétt 1988.
In two (33.3%) of the six reviews: one review update (adalmu Abatacept: \Patients at least 16 years of age meeting the ACR
Navarro-Sarabia 200&nd one new review (rituximalmpez- £0Facep y 9 9

Olivo 2008, 1987 revised criteria for rheumatoid arthri:métt 1988.

All six reviews addressed con icts of inteBéstrienauer 2003 6) Rituximab: \Patients at least 16 years of age meeting the

Lethaby 2003 opez-Olivo 2008Maxwell 2008Mertens 2008 merican College of Rheumatology 1987 revised ciltamit(
. 1988 for rheumatoid arthritis and active disease as described by
Navarro-Sarabia 2005

. . . . . . authors in relation to the outcome measures."
The inclusion criteria for studies included in each of the sysieml_ . . - .
X o he outcomes in review were similar. The ef cacy outcomes in all
reviews were similar as follows:

(1) Etanercept:\Allrandomized controlled (RCTs) or controlltggvlewS included the American College of Rheumatology (ACR)

. - . |meprovement criteria along with the core set of diseasey activit
clinical trials (CCTs) comparing etanercept to placebo, emner\(/:aril)abIes and/or Disease Activity Score (DAS). Many studlies als
to methotrexate, or etanercept plus methotrexate to nestitetr . y ) Y

. - L. ncl Health A men ionnaire (HA r modi
alone that were at least six months long were eligibledsianc! included Health Assessment Questionnaire (HAQ) or modi ed

Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review) 9
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HAQ. Quality of life (QoL) was assessed by Short-form 36 in
many studies. Radiographic progression was frequergbedss

by Sharp, modi ed Sharp or Larsen scores. The safety outcomes
included adverse events, serious adverse events inéaaiiogsn

and malignancy, withdrawals (total), withdrawals and rhortali
Withdrawals due to adverse events were reported in allbut on
systematic revieMértens 2008 Withdrawals due to inef cacy
were reported in three of the six systematic reBawsehauer

2003 Lethaby 2003Lopez-Olivo 2008

Quality of evidence in included reviews

Alist of all studies included for the review is presentegé@mAjx

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 tableble 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-mdmbutcome data, adjusted for Control Event Rate (CER) in
the placebo group

Outcome Intervention lllustrative comparative risks Relative Number of Quality of the NNT

Assumed risk Correspond-
ing risk

With With
comparator  comparator

ACR20 by DRUG*studies

Abatacept  Abatacept +382 per 1000 657 per 1000 RR 1.72 1712
DMARD/ Bi- (1.38 to 2.15) (6 studies) moderaté
ologic
vs placebo -
DMARD/ Bi-
ologic

Adalimumab Adalimumab 382 per 1000 795 per 1000 RR 2.08 2269
+/- DMARD/ (1.71t0 2.52) (8 studies)  moderaté
Biologic
vs placebo +/:
DMARD/ Bi-
ologic

Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review) 10
Copyright © 2009 The Cochrane Collaboration. Published by J  ohn Wiley & Sons, Ltd.



Table 1. Summary of Findings Table (Continued)

Anakinra

Anakinra +/- 382 per 1000
DMARD/ Bi-

ologic

vs placebo +/:

DMARD/ Bi-

ologic

466 per 1000

RR 1.22
(0.94 to 1.60)

1164
(4 studies)

moderaté

Etanercept

Etanercept +/- 382 per 1000
DMARD

vs placebo +/:

DMARD

798 per 1000

RR 2.09
(1.58 t0 2.77)

1205
(4 studies)

moderaté

In iximab

In iximab
DMARD
vs placebo -
DMARD

+ 382 per 1000

653 per 1000

RR 1.71
(1.23 t0 2.38)

819
(3 studies)

high

Rituximab

Rituximab + 382 per 1000
DMARD

vs placebo A

DMARD

737 per 1000

RR 1.93
(1.40 to 2.56)

823
(3 studies)

moderaté

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)

moderaté

4
(3to 8)

Adalimumab

Adalimumab 207 per 1000
+/- DMARD/

Biologic

vs placebo +/:

DMARD/ Bi-

ologic

631 per 1000

RR 3.05
(2.29 t0 4.07)

2269
(8 studies)

moderaté

3
(2 t0 4)

Anakinra

Anakinra +/- 207 per 1000
DMARD/ Bi-

ologic

vs placebo +/:

DMARD/ Bi-

ologic

271 per 1000

RR 1.31
(0.81 t0 2.12)

815
(3 studies)

moderaté

16
(5to 25)

Biologics for rheumatoid arthritis: an overview of Cochran
Copyright © 2009 The Cochrane Collaboration. Published by J
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Table 1. Summary of Findings Table (Continued)

Etanercept

Etanercept +/- 207 per 1000
DMARD

vs placebo +/:

DMARD

607 per 1000

RR 2.93
(1.94 to 4.44)

1205
(4 studies)

moderaté

3
(210 6)

In iximab

Iniximab + 207 per 1000
DMARD

vs placebo -

DMARD

447 per 1000

RR 2.16
(1.36 to 3.41)

819
(3 studies)

high

5
(3o 14)

Rituximab

Rituximab + 207 per 1000
DMARD

vs placebo A

DMARD

604 per 1000

RR 2.92
(1.76 t0 4.83)

823
(3 studies)

moderaté

3
(2to 7)

ACR70 by DRUG*studies

Abatacept

Abatacept
DMARD/ Bi-
ologic

vs placebo A
DMARD/ Bi-
ologic

+ 106 per 1000

360 per 1000

RR 3.40
(2.10 to 4.94)

1712
(6 studies)

moderaté

Adalimumab

Adalimumab 106 per 1000
+/- DMARD/

Biologic

vs placebo +/:

DMARD/ Bi-

ologic

425 per 1000

RR 4.01
(2.71 10 5.92)

2269
(8 studies)

moderaté

Anakinra

Anakinra +/- 106 per 1000
DMARD/ Bi-

ologic

vs placebo +/:

DMARD/ Bi-

ologic

130 per 1000

RR 1.23
(0.64 to0 2.39)

815
(3 studies)

moderaté

Etanercept

Etanercept +/- 106 per 1000
DMARD

vs placebo +/:

DMARD

320 per 1000

RR 3.02
(1.94 to 4.70)

1205
(4 studies)

moderaté

Biologics for rheumatoid arthritis: an overview of Cochran
Copyright © 2009 The Cochrane Collaboration. Published by J
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Table 1. Summary of Findings Table (Continued)

In iximab

In iximab
DMARD
vs placebo A
DMARD

+ 106 per 1000 264 per 1000 RR 2.49

(1.47 to 4.24)

819
(3 studies)

high

Rituximab

Rituximab + 106 per 1000 475 per 1000

DMARD
vs placebo -
DMARD

RR 4.48
(2.12 t0 9.45)

823
(3 studies)

moderaté

Safety (withdrawals due to AE) by Drug*studies

Abatacept

Abatacept

DMARD/ Bi-
ologic

vs placebo A
DMARD/ Bi-

ologic

+ 54 per 1000

OR 1.24
(0.88 to 1.76)

66 per 1000

1441
(6 studies)

moderaté

Not
statistically
signi cant

Adalimumab

Adalimumab 54 per 1000
+/- DMARD/

Biologic

vs placebo +/:

DMARD/ Bi-

ologic

OR 154
(1.12 t0 2.12)

81 per 1000

2944
(8 studies)

low26

39
(19 to 162)

Anakinra

Anakinra +/- 54 per 1000
DMARD/ Bi-

ologic

vs placebo +/:
DMARD/ Bi-

ologic

OR 1.67
(1.22 t0 2.29)

87 per 1000

2619
(5 studies)

moderaté

31
(17 to 92)

Etanercept

Etanercept +/- 54 per 1000
DMARD

vs placebo +/:

DMARD

OR 0.82
(0.56 to 1.19)

45 per 1000

1248
(4 studies)

moderaté

Not
statistically
signi cant

In iximab

Iniximab + 54 per 1000
DMARD

vs placebo A

DMARD

OR2.21
(1.28 t0 3.82)

112 per 1000

835
(3 studies)

high

18
(810 72)

Biologics for rheumatoid arthritis: an overview of Cochran
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Table 1. Summary of Findings Table (Continued)

Rituximab

Rituximab + 54 per 1000
DMARD

vs placebo A

DMARD

71 per 1000

OR 1.34
(0.65 to 2.76)

938
(3 studies)

Not
moderaté statistically
signi cant

Total withdrawals by DRUG*studies

Abatacept

Abatacept +272 per 1000
DMARD/ Bi-

ologic

vs placebo A

DMARD/ Bi-

ologic

183 per 1000

RR 0.6
(0.46 t0 0.76)

3169
(7 studies)

moderaté

Adalimumab

Adalimumab 272 per 1000
+/- DMARD/

Biologic

vs placebo +/:

DMARD/ Bi-

ologic

223 per 1000

RR 0.77
(0.60 to 0.99)

2860
(7 studies)

low26

Anakinra

Anakinra +/- 272 per 1000
DMARD/ Bi-

ologic

vs placebo +/:

DMARD/ Bi-

ologic

286 per 1000

RR 1.07
(0.77 to 1.48)

2118
(4 studies)

moderaté

Etanercept

Etanercept +/- 272 per 1000
DMARD

vs placebo +/:

DMARD

163 per 1000

RR 0.52
(0.37 10 0.72)

1248
(4 studies)

moderate?

In iximab

Iniximab + 272 per 1000
DMARD

vs placebo A

DMARD

219 per 1000

RR 0.75
(0.50 to 1.12)

835
(3 studies)

high

Rituximab

Rituximab + 272 per 1000
DMARD

vs placebo -

DMARD

127 per 1000

RR 0.39
(0.26 t0 0.57)

938
(3 studies)

moderaté

The assumed risk is based on the empirical control event rR)ea@&Ss 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 tradeel assumed risk in the comparison group and the relative ef
of the intervention (and its 95% ClI).
NNT = number needed to treat
DMARD = disease-modifying anti-rheumatic drugs

Biologics for rheumatoid arthritis: an overview of Cochran
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AE = adverse events

RR = risk ratio

OR = odds ratio

1 Kremer 2006: intention to treat analysis not performedtiéhfsin abatacept group and 5 in control group not includediysis.

2 Randomization and blinding were not described and alsti@i@mecealment was not clear in 7 studies: Breedveld 2087; Fur
2003; Keystone 2004; Kim 2007; Miyasaka 2008; van de PO#tp\®8inblatt 2003.

38 Randomization not described in all four studies; intertitneat analysis not performed in three studies (Bresn@&nCithen
2004; Genovese 2004); blinding not described and ce 20% dndpolien 2002; allocation concealment not described in Genovese
2004.

4 Randomization not described in TEMPO 2004; allocation coremtzamd blinding not described in COMET 2008.

5 Randomization and allocation concealment not describedie@btudies; blinding not clear in Emery (DANCER) 2006tiditri

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 pvided in original reviews

Outcome Intervention  lllustrative comparative risks Relative Number of  Quality of the Comments
i (95%) CI) effect participants  evidence
icr:]?en:\?::ﬁs:: Assumed risk Correspond- (95% CI) (studies) (GRADE)
ing risk
With With

comparator comparator

ACR50 at 6 months by DRUG*studies

Abatacept Abatacept + 137 per 1000 338 per 1000 RR 2.47 1648
DMARD/ Bi- (274t0421) (2t03.07)  (5studies)  moderate!
ologic
vs placebo -
DMARD/ Bi-
ologic
Adalimumab Adalimumab 109 per 1000 380 per 1000 RR 3.49 1195
+/._ DMARD/ (258 to 559) (2.37 to 5.13) (4 studies) moderate?@
Biologic
vs placebo +/
DMARD/ Bi-
ologic
Adalimumab 73 per 1000 232 per 1000 RR 3.18 506
VS [EEEEe (142t0382) (1.94t05.23) (3 studies)  moderate?
Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review) 15

Copyright © 2009 The Cochrane Collaboration. Published by J  ohn Wiley & Sons, Ltd.



Table 2. Summary of Findings Table (Continued)

Anakinra Anakinra  + 74 per 1000 186 per 1000 RR 2.51 654
DMARD (115t0 298) (1.56 to 4.03) (2 studies) moderate3
vs placebo -
DMARD
Anakinra + Bi- 412 per 1000 310 per 1000 RR 0.75 161
el (0.49t0 1.14) (1 study) moderate*
vs placebo -
Biologic

Etanercept  Etanercept +/- 45 per 1000 400 per 1000 RR 8.89 247
DMARD (16210 985) (3.61 to (2studies)  moderate®
vs placebo +/ 21.89)
DMARD

Rituximab Rituximab + 85 per 1000 316 per1000 RR 3.72 823
DMARD (218t0 457) (2.57105.38) (3 studies)  moderated
vs placebo -
DMARD

DAS low disease activity at 6 months by DRUG*studies

Abatacept Abatacept + 75 per 1000 252 per 1000 RR 3.36 1027
cI?I';AQSD/ BI- (171t0 372) (2.28104.96) (2 studies)  moderate!
vs placebo -
DMARD/ Bi-
ologic

Physical function - HAQ at 6 months by DRUG*studies

Adalimumab Adalimumab The mean The mean 663
I DISARDH | clisings change (3studies)  moderate’™
Biologic

in the control in the inter-
vs placebo +/ groups was vention

3IC\,M$D/ Bi- -0.24 points groups was
< 0.32 lower
(0.4 to 0.24
lower)

Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review)
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Adalimumab The mean The mean 401
I h h .
US[EREID  JEIEER change (2 studies) moderate’™
in the control in the inter-
groups was vention
-0.07 points groups was
0.31 lower
(0.42 to 0.19
lower)
Anakinra Anakinra  + The mean The mean 951
DMARD change change (2 studies) low &9
vs placebo -in the control in the inter-
DMARD groups was  vention
-0.18 points groups was
0.19 lower
(0.3 to 0.09
lower)
Etanercept  Etanercept +/- The mean The mean 89
DMARD h h .
change change (1 study) high
vs placebo +/ in the control in the inter-
DMARD groupwas  vention group
1.1 points was
0.3 lower
(0.65 lower to
0.05 higher)
Rituximab Rituximab + The mean The mean 823
DMARD B change (3 studies)  moderate®
vs placebo -in the control in the inter-
DMARD groups was vention
1.8 points groups was
0.3 lower
(0.37 to 0.22
lower)
Radiographic score (total) at 6 months by DRUG*studies
Anakinra Anakinra  + The mean The mean 172
h
(Larsen score DMARD B change (1 study) moderate0

vs placebo -in the control in the inter-

DMARD

group was$.4

vention group
was

2.5 lower

Biologics for rheumatoid arthritis: an overview of Cochran
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Table 2. Summary of Findings Table (Continued)

(5.56 lower tc

0.56 higher)
AE (total) at 6 months by DRUG*studies
Abatacept Abatacept + 770 per 1000 816 per 1000 RR 1.06 657
cI?I';AQSD/ BI- (747 t0 885)  (0.97 to 1.15) (2 studies)  moderate!!
vs placebo -
DMARD/ Bi-
ologic
Adalimumab Adalimumab 893 per 1000 920 per 1000 RR 1.03 1987
AR (89310947) (1t01.0612 (6studies) low 1213
Biologic
vs placebo +/
DMARD/ Bi-
ologic
Adalimumab 779 per 1000 974 per 1000 RR 1.25 854
el (748 to 1000) (0.96to 1.61) (3 studies)  low 1213
Anakinra Anakinra  + 879 per 1000 923 per 1000 RR 1.05 1894
DMARD (826 to 1000) (0.941t01.17) (2 studies) moderate?
vs placebo -
DMARD
Anakinra + Bi- 973 per 1000 1000 per RR 1.04 155
el 1000 (0.95t0 1.14) (1 study) moderate*
vs placebo - (924 to 1000)
Biologic
Rituximab Rituximab + 804 per 1000 860 per 1000 RR 1.07 938
DMARD (732 to 1000) (0.91to 1.26) (3 studies)  low &11
vs placebo -
DMARD
SAE (total) at 6 months for rheumatoid arthritis
Abatacept Abatacept +97 per 1000 78 per 1000 RR 0.8 703
DMARDY/ Bi- (4810127) (0.49t0 1.31) (2studies)  high

ologic

Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review)
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Table 2. Summary of Findings Table (Continued)

vs placebo
DMARD/ Bi-
ologic

Adalimumab Adalimumab 90 per 1000 84 per 1000 RR 0.93 843
;QES??RD/ (67t0131) (0.60t0 1.45) (4 studies) low 1314
vs placebo +/
DMARD/ Bi-
ologic
Adalimumab 105 per 1000 111 per 1000 RR 1.06 1111
VS [EEEEe (69t0179) (0.66t01.7) (4 low 125:13
studies)
Anakinra Anakinra  + 56 per 1000 86 per 1000 RR 1.53 1900
DMARD (38t0195) (0.67to0 3.48) (2studies)  moderate?
vs placebo -
DMARD
Anakinra + Bi- 25 per 1000 148 per 1000 RR 5.93 161
plodie (34t0641) (137  to (Lstudy)  low45
vs placebo - 25.64)
Biologic
Rituximab Rituximab + 70 per 1000 71 per 1000 RR 1.01 938
DMARD (45t0113) (0.64t01.61) (3 studies) moderated
vs placebo -
DMARD
Total withdrawals at 6 months- by DRUG*studies
Abatacept Abatacept + 235 per 1000 148 per 1000 RR 0.63 891
B?QCRD’ BI- (9410237) (0.4101.01) (3studies) high
vs placebo -
DMARD/ Bi-
ologic
Adalimumab Adalimumab 261 per 1000 204 per 1000 RR 0.78 1964
;;)IBS?CARD/ (172 to 240) (0.66t0 0.92) (7 studies)  low 1315

Biologics for rheumatoid arthritis: an overview of Cochran
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Table 2. Summary of Findings Table (Continued)

vs placebo +

DMARD/ Bi-

ologic

Adalimumab 345 per 1000 190 per 1000 RR 0.55 1180

el (117t0310) (0.34100.9) (3studies) low 1316
Anakinra Anakinra  + 222 per 1000 231 per1000 RR 1.04 1957

DMARD (191t0 282) (0.86t01.27) (3 studies)  moderate310

vs placebo -

DMARD

Anakinra + Bi- 62 per 1000 184 per 1000 RR 2.96 162

el (70t0482) (1.13t07.77) (Lstudy)  moderate?

vs placebo -

Biologic
Etanercept  Etanercept +/- 545 per 1000 185 per 1000 RR 0.34 247

DMARD

(120t0 272) (0.22t00.5) (2 studies) high
vs placebo +/

DMARD
Rituximab Rituximab + 379 per 1000 148 per 1000 RR 0.39 938
DMARD (117t0 186) (0.31to0 0.49) (3 studies)  moderated
vs placebo -
DMARD

The assumed risk is based on the empirical control event Maeaf@iss all studies with 6 month outcome data, provided in the
original reviews.

The corresponding risk (and its 95% con dence interval) is tradeel assumed risk in the comparison group and the relative ef
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 performedti€hfsin abatacept group and 5 in control group not includesiysis.

2a Randomization and blinding were not described and alsti@icoacealment was not clear in four studies: Furst 2008rieys
2004; Kim 2007; Weinblatt 2003.
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2b Randomization and blinding were not described and alsti@i@mamcealment was not clear in three studies: Weinblatt 2003
Miyasaka 2008; van de Putte 2004.

8 Randomization not described in both studies (Cohen 2002) 2084) ; intention to treat analysis not performed in Cob84 2
study; blinding not described and ce 20% dropout in Cohen @2 s

4 Genovese 2004: allocation concealment not described and IyETsara performed.
5 Wide con dence interval.

6 Randomization and allocation concealment not describetie@btudies; blinding not clear in Emery (DANCER) 2006tiduttri
not clear in Cohen (REFLEX) 2006 study.

7a Randomization and blinding were not described and alsti@ticomcealment was not clear in all three studies: Keysbdne 20
Kim 2007; Weinblatt 2003.

7 Randomization and blinding were not described and alsti@iiocacealment was not clear in both studies: Miyasaka 2008; v
de Putte 2004.

8 Randomization not described and intention to treat anadggierformed in both studies (Bresnihan 1998; Cohen 2004);
9 Bresnihan 1998: non-standard dose included.

10 Bresnihan 1998: randomization not described and intenttoget analysis not performed.

11 Unexplained heterogeneity.

122 Randomization and blinding were not described and alsdi@l@macealment was not clear in ve studies: Breedveld 2007;
Furst 2003; Keystone 2004; Kim 2007; Rau 2004.

12 Randomization and blinding were not described and alsti@ilooacealment was not clear in three studies: Furst 2083akty
2008; van de Putte 2004.

13 Analysis includes non-standard doses.

14 Randomization and blinding were not described and alstieii@mmcealment was not clear in three studies: Furst 2003; Kim
2007; Rau 2004.

15 Randomization and blinding were not described and alsti@iioccacealment was not clear in four studies: Breedveldraaa7;
2003; Keystone 2004; Kim 2007.

Table 3. Summary of Findings Table

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

Outcome Intervention lllustrative comparative risks Relative Number of Quality of the Comments
and (95%) CI) effect participants  evidence
Comparison .
intervention Assumed risk Correspond- (95% CI) (studies) (GRADE)
ing risk
With With

comparator comparator

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

Abatacept Abatacept + 179 per 1000 396 per 1000 RR 2.21 993
ZI;AQSD/ Bi- (310to 505) (1.73to0 2.82) (3 studies) moderatet
vs placebo -
DMARD/ Bi-
ologic
Adalimumab Adalimumab 321 per 1000 603 per 1000 RR 1.88 1080
+/- DMARD/ . .
o (258 t0 559) (1 to 3.55) (3 studies)  low 23
Biologic
vs placebo +/
DMARD/ Bi-
ologic
Etanercept  Etanercept +/- 461 per 1000 701 per 1000 RR 1.52 958
DMARD (627to784) (1.36t01.7) (2studies) moderate?
vs placebo +/
DMARD
In iximab Iniximab + 266 per 1000 404 per 1000 RR 1.52 819
DMARD (333t0492) (1.25t01.85) (3 studies) high
vs placebo -
DMARD
Rituximab Rituximab + 115 per 1000 470 per 1000 RR 3.72 353
DMARD (241t0917) (2.57t05.38) (3 studies)  moderate®
vs placebo -
DMARD
DAS low disease activity at 12 months by DRUG*studies
Abatacept Abatacept +98 per 1000 424 per 1000 RR 4.33 638
Ellc\:??m Bl- (27810 646) (2.84 t0 6.59) (1 study) moderatet
vs placebo -
DMARD/ Bi-
ologic
Physical function - HAQ at 12 months by DRUG*studies
Adalimumab Adalimumab The mean The mean 1080
- h .
+/- DMARD/ change change (3 studies)  moderate?

Biologic

in the control in the inter-

vs placebo +/ groups was vention

i- . roups was
DlMA.‘RD/ Bl -0.80 points grotip
ologic 0.32 lower
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Table 3. Summary of Findings Table (Continued)

(0.39 to 0.25
lower)

Etanercept  Etanercept +/- The mean The mean 956
DMARD B change (2 studies)  moderate®
vs placebo +/ in the control in the inter-
DMARD group was vention group
0.9 points was
0.25 lower
(0.65 lower to
0.05 higher)
In iximab Iniximab + The mean The mean 835
DMARD change change (@ studies) high
vs placebo -in the control in the inter-
DMARD groupswas vention
0.68 points groups was
0.13 higher
(0.05 to 0.22
lower)
Radiographic score (total) at 12 months by DRUG*studies
Abatacept Abatacept + The mean The mean 586
(I?ll(\)/lﬁi\(l:?D/ Bi- change change (1 study) moderatel
9 in the control in the inter-
vs placebo - group was vention group
(I?ll(\)/lﬁi\(l:?D/ Bi- 027 was
9 0.27 lower
(0.42 lower to
0.12 higher)
Adalimumab Adalimumab The mean The mean 880
+/-
(modi ed B/iollzNiI?RD/ CIEER SR (2 studies)  moderate?
Sharp score) 9 in the control in the inter-
vs placebo +/ group was vention
3IC\,M$D/ Bi- 2.7 points groups was
9 2.60 lower
(3.83 to 1.37
lower)

Biologics for rheumatoid arthritis: an overview of Cochran
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Table 3. Summary of Findings Table (Continued)

Etanercept  Etanercept +/- The mean The mean 894
(Sharp score) DMARD CIEER SR (2 studies) moderate?
vs placebo +/ in the control in the inter-
DMARD group was vention group
2.4 points was
2.21 lower
(2.99 lower to
1.43 higher)
In iximab Iniximab + The mean The mean 776
DMARD change change (2 studies) high
vs placebo -in the control in the inter-
DMARD groups was vention
3.7 points groups was
3.69 lower
(0.05 to 0.22
lower)
AE (total) at 12 months by DRUG*studies
Abatacept Abatacept + 859 per 1000 893 per 1000 RR 1.04 2214
DMA_‘RD/ Bi- (8681t0928) (1.01t01.08) (3studies)  moderate’
ologic
vs placebo -
DMARD/ Bi-
ologic
Adalimumab Adalimumab 893 per 1000 920 per 1000 RR 1.03 1987
+/- DMARD/ . )
o (89310 947) (1to 1.06) (6 studies)  low &9
Biologic
vs placebo +/
DMARD/ Bi-
ologic
In iximab Iniximab + 133 per 1000 137 per 1000 RR 1.03 835
DMARD . .
(97t0196) (0.73to 1.47) (2 studies) high
vs placebo -
DMARD
Rituximab Rituximab + 850per 1000 1000 per RR1.24 80
DMARD 1000 (0.34 to 4.43) (1 study) moderate0
vs placebo - (289 to 1000)
DMARD

Biologics for rheumatoid arthritis: an overview of Cochran

e reviews (Review)
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Table 3. Summary of Findings Table (Continued)

SAE (total) at 12 months for rheumatoid arthritis

Abatacept Abatacept + 123 per 1000 138 per 1000 RR 1.12 2448

SLUANe (109t0171) (0.89 0 1.39) (4 studies)
ologic

vs placebo -
DMARD/ Bi-
ologic

moderate!!

Adalimumab Adalimumab 90 per 1000 84 per 1000 RR 0.93 843
+/- DMARD/

Biologic (67to131) (0.60to 1.45) (4 studies)

vs placebo +/
DMARD/ Bi-
ologic

low %12

In iximab Iniximab + 133 per 1000 137 per 1000 RR 1.03 835

DMARD (9710196)  (0.73t0 1.47) (2 studies)

vs placebo -
DMARD

high

Rituximab Rituximab + 100 per 1000 100 per 1000 RR 1.00 80

DMARD (2310431)  (0.23104.31) (1 study)
vs placebo -
DMARD

moderatel®

Total withdrawals from therapy at 12 months by DRUG*studies

Abatacept Abatacept + 241 per 1000 147 per 1000 RR 0.61 2448
DMARD/ Bi-

ologic (123t0 174) (0.51t00.72) (4 studies)

vs placebo -
DMARD/ Bi-
ologic

moderate!!

Adalimumab Adalimumab 261 per 1000 204 per 1000 RR 0.78 1964

+/- DMARD/ .
Biologic (172 t0 240) (0.66 to 0.92) (5 studies)
vs placebo +/
DMARD/ Bi-
ologic

low %13

Etanercept  Etanercept +/- 545 per 1000 185 per 1000 RR 0.34 247

DMARD (120t0272) (0.22t00.5) (2 studies)
vs placebo +/
DMARD

moderate?

Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review)
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Table 3. Summary of Findings Table (Continued)

In iximab Iniximab + 274 per 1000 197 per 1000 RR 0.72 835
DMARD (1530 252) (0.56100.92) (3 studies)  high
vs placebo -
DMARD
Rituximab Rituximab + 379 per 1000 148 per 1000 RR 0.39 938
DMARD (117 to 186) (0.31to 0.49) (3 studies) moderate!0
vs placebo -
DMARD

The assumed risk is based on the empirical control event Rjea@&ss all studies with 12 month outcome data, provideal in th
original reviews.

The corresponding risk (and its 95% con dence interval) is tradeel assumed risk in the comparison group and the relative ef
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 performedti€hfsin abatacept group and 5 in control group not includesiysis.

2 Randomization and blinding were not described and alsdi@@mncealment was not clear in two studies: Breedveld 2006;
Keystone 2004.

8 Unexplained substantial heterogeneity.
4 Randomization not described in TEMPO 2004; allocation coremtzamd blinding not described in COMET 2008

5 Randomization and allocation concealment not describedie@btudies; blinding not clear in Emery (DANCER) 2006tiditri
not clear in Cohen (REFLEX) 2006 study.

6 TEMPO 2004: randomization not described.

7 Intention to treat analysis not performed in two studiesmr 2006; Weinblatt 2006. Risk of attrition bias (* 80% cotiople
rate in treatment groups at 12 months) in Weinblatt 2007.

8 Randomization and blinding were not described and alsti@icomcealment was not clear in ve studies: Breedveld 20€7; F
2003; Keystone 2004; Kim 2007; Rau 2004.

9 Analysis includes non-standard doses.
10 Edwards 2004: randomization and allocation concealmensndbdd.

11 Intention to treat analysis not performed in two studiesnir 2006; Weinblatt 2006. Risk of attrition bias (* 80% cotiople
rate in treatment groups at 12 months) in Kremer 2003 anc\a&ia007.
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12 Randomization and blinding were not described and alsti@ti@mamcealment was not clear in three studies: Furst 2003; Kim
2007; Rau 2004.

13 Randomization and blinding were not described and alsti@iiccacealment was not clear in four studies: Breedveldraaae6;
2003; Keystone 2004; Kim 2007.

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 qualigsstu

Abatacept for RA

Seven studies were included in this rewvagell 2008 Inten-
tion to treat analysis was not performed in two studiese iMasr
risk of attrition bias with ” 80 % completion rate in the tresttn =~~~
groups at 12 months in two studies. Radiographic data werd3jgximap for RA
obtained for 90% of the study population. Physical functien i@nly three studies were includddbyez-Olivo 2008 The
measured as a categorical outcome of HAQ by a decrease inatiwd of randomization and allocation concealment was not de-
minimal clinically important change. The quality of the evilerscribed in all three studies. Blinding was not describedamdvo
was moderate because of these limitations in the study desighere was risk of attrition bias in one study. There waslaimexb
substantial heterogeneity in some results. Radiogcapbsogere

Adalimumab for RA not reported. The evidence for rituximab was moderate.

Eight studies were included from this revidenvérro-Sarabia
2005. There were limitations in the study design of six studi
the method of randomization was not described, allocation ddast reviews scored very high on the AMSTAR criteria. These are
cealment was not reported, and blinding was not describeal. Tsignmarized in Appendix 3.

was unexplained substantial heterogeneity or inconsigtescy

sults. Reported data were sparse. The quality of the ewdencgffect of interventions

moderate for ef cacy outcomes. The quality for safety outcomes

was downgraded to low because the data reported includedbfipt@ were extracted from the updated Cochrane systematic
standard and non-standard doses. reviews addressing the six medications listed above. &eview

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.

Five studies were included from this reviéertens 200Bwith  Several other outcomes as pre-speci ed in \Types of Outcome
limitations in study design including methods of randoimizat Measures" such as ACR20, DAS/DAS28, Disease state (good EU-
notdescribedinall ve, allocation concealmentwas not éportel AR response, low disease activity or remission), HRQoL, HAQ,
one study, and blinding was not described in one studyidmentradiographic progression, number of adverse eventsy miimbe
to-treat analysis was not performed in four studies. Thee weerious adverse events, speci ¢ adverse events (infealigns, m
20% attrition in two studies. Data on all withdrawals frametpy  nancy) and death were only reported in few, but not all system-
were not reported. This resulted in a downgrading of the GRA&ic reviews (Appendix 4; Appendix 5). Analyses and conparison

ébgvl_STAR rating for the reviews

Anakinra for RA

quality of evidence to moderate. for these outcomes were done where possible. When analysis was
impossible due to lack of data for comparisons, data wese simpl
Etanercept for RA described in the text or depicted in tables. In contrast, two out

Four studies were included from this reviesthaby 200Band comes, ACR7Of ACR20 and_ all withdrawals (any _cause) were re-
four had limitations in study design including one or moteeof orted in all reviews (or obtained from authors), with aieast
study presenting these outcomes. These were analyzed for each

following: method of randomization was not described talioca . . o
g separately for the main comparison between the gjicsiolo

concealment was not reported, and blinding was not descri% . -
. . - or the main ef cacy outcome, we performed all seven compar-
There was unexplained substantial heterogeneity inufte. res

There was imprecision of results due to wide con dence inteRal " the order of pre-speci ed analyses as listed in khe \Su

and sparse data. The quality of the evidence was moderate. 9"04P analyses/planned comparisons” above. Safetges agses
withdrawals due to adverse events was compared between six bi

ologics. Additional outcomes available from all studiesling!
ACRY70 and all withdrawals were also compared between the six
Only three studies were included from this reviddwr{enauer biologics. For data that could not be analyzed, a summamy follo
2003 and intention-to-treat analysis was not performed in oimg these outcomes is provided in the text and/or in the tables

In iximab for RA
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Upon review of individual systematic reviews, it was rsithjeds
abstract all study characteristics. GW and JS thereforeetdstract
study characteristics independently from the methods séction o
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 r@idews,
studies reported ACR50. Compared to patients receivirtgoplace
patients receiving each biologic, except anakinra, wesitini
more likely to achieve an ACR50 with RR ranging from 2.29 to
3.05 timesKigure 2. Anakinra was not statistically different from
placebo with RR of 1.31 (95%Cl: 0.81 t0 2.12; P = 0.2Rjufe

2).

Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review)
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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 heterogeneityawith
squared of 0.2297¢ble 4. After adjusting the statistical model
for the interaction between “trial duration' and “controt eate’,

the heterogeneity decreased about 50%, to a tau-squar#€;of 0.1
indicating a signi cantly better model- t. Interestinglyplging

the type of drug as a factor in the meta-analysis, resultemt éea w
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 27 242 (1.94, 3.01) 0.229

Adjusted for the 27 2,51 (2.10, 3.00) 0.116
CERXxTrial duration

interaction

Drugs: 0.236
Abatacept 6 258 (159, 4.18)
Adalimumab 8 2.60 (1.76, 3.84)
Anakinra 3 156 (0.79, 3.10)
Etanercept 4 240 (1.33, 4.31)

In iximab 3 1.85 (0.96, 3.57)
Rituximab 3 358 (1.82, 7.02)
Concomitant 0.210
Methotexate:

Yes 20 222 (175, 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 8 250 (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- 0.241
inhibitor:

Yes 15 239 (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 20 2.37 (1.85, 3.04)
DMARD

None 2 1.63 (0.77, 3.42)

Use of single Bio: 0.185
logic only:

Yes 25 255 (2.06, 3.15)

No (multiple bio- 2 1.03 (0.50, 2.15)

logics)

Duration of Ran- 0.1831
domized Trial:

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 0.214
TNF biologic:

Yes 5 3.24 (1.87, 5.60)

No 22 228 (1.81, 2.87)

Sensitivity  (post
hoc)

Biologics for rheumatoid arthritis: an overview of Cochran
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Table 4. Results of the Strati ed Meta-Analyses for ACR50¢Continued)

Drug adjusted fot 0.118
RA status

Abatacept 6 2.07 (1.33, 3.22)
Adalimumab 8 243 (1.78, 3.33)
Anakinra 3 1.03 (0.57, 1.86)
Etanercept 4 229 (1.46, 3.58)

In iximab 3 243 (1.39, 4.27)
Rituximab 3 2.45 (1.33, 4.52)

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

CER: Control Event Rate, the proportion of patients respgiod placebo.

RA = rheumatoid arthritis; RR, risk ratio; tau-squared, suneeaf heterogeneity

Compared to patients receiving placebo, patients recegting ea
biologic, except anakinra, were signi cantly more likelyievach

an ACR50 with RR ranging from 2.29 to 3.05 tinfégyre 3.
Anakinra was not statistically different from placebo witbfRR
1.31 (0.91 to 2.12)Kigure 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 presentédbie 5
Comparing the six biologics to each other revealed no signi can
differences between biologics for patients achieving AGR50 wi
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 andtWirawals due to Adverse events based on an control-event
trial duration adjusted linear mixed model

EFFICACY: ACR50 SAFETY: Withdrawals due to Adverse Events
DRUG DRUG Ratio (95% ClI) P-value DRUG DRUG Ratioof (95% ClI) P-value
#lvs  #2 of RRs #1vs #2 ORs

Abata- Adali- 0.75 047 1.19 0.221 Abata- Adali- 0.80 0.51 1.26 0.342
cept mumab cept mumab

Abata- Ana- 1.76 0.97 3.17 0.062 Abata- Ana- 0.74 0.47 1.17 0.196
cept kinra cept kinra

Abata- Etaner- 0.78 045 1.36 0.380 Abata- Etaner- 1.52 0.93 249 0.097
cept cept cept cept

Abata- Inix- 1.06 0.59 1.90 0.836 Abata-  Inix- 0.56 0.30 1.05 0.070
cept imab cept imab

Abata- Ritux- 0.79 0.43 1.44 0.434 Abata- Ritux- 0.93 0.43 2.02 0.853
cept imab cept imab

Adali- Ana- 2.34 1.32 4.13 0.003 Adali- Ana- 0.92 0.60 1.42 0.714
mumab kinra mumab kinra

Adali- Etaner- 1.04 0.65 1.66 0.868 Adali-  Etaner- 1.89 1.18 3.04 0.009
mumab cept mumab cept

Adali- Inix- 1.42 0.84 239 0.193 Adali-  Inix- 0.70 0.38 1.28 0.245
mumab imab mumab imab

Adali- Ritux- 1.05 0.58 1.90 0.881 Adali- Ritux- 1.15 0.54 248 0.711
mumab imab mumab imab
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Table 5. Indirect comparisons of Six Biologics for ACR50 andtWrawals due to Adverse events based on an control-event
trial duration adjusted linear mixed model (Continued)

Ana- Etaner- 0.44 0.23 0.85 0.014 Ana- Etaner- 2.05 1.27 3.29 0.003
kinra  cept kinra cept
Ana- In ix- 0.61 0.31 1.19 0.143 Ana- In ix- 0.76 041 1.39 0.368
kinra imab kinra imab
Ana- Ritux- 0.45 0.22 0.90 0.023 Ana- Ritux- 1.25 0.58 2.69 0.566
kinra imab kinra imab
Etaner- Inix- 1.36 0.75 2.46 0.307 Etaner- Inix- 0.37 0.19 0.70 0.002
cept imab cept imab
Etaner- Ritux- 1.01 0.51 1.97 0.986 Etaner- Ritux- 0.61 0.28 1.35 0.224
cept imab cept imab
In ix- Ritux- 0.74 0.37 1.48 0.392 In ix- Ritux- 1.66 0.69 3.98 0.260
imab imab imab imab

Ef cacy data were analyzed using a contrast based REML lkezhfmata-regression) model in SAS, adjusting for a 'Corndl E
Rate x Duration of Trial' interaction; the model was vatidéde treatment-arm based GLIMMIX model. Safety data vadyeeth
using an empirical Bayes (GLIMMIX) model in SAS; 'Study' antSthdy x Drug interaction' applied as (random) covariance
parameters in the GLIMMIX model.

On a post-hoc level, for sensitivity, we estimated the efaracy f
each drug when adjusting for the average disease durdyivs.(ear
established vs. late) which improved the model signi camtly (t
squared = 0.183); with some subsequent variations in the magn
tude of effect sizes across drugs. To assess the exterdignd vali
of the primary analysis model (i.e. the contrast-based liredr m
model), an arm-based GLIMMIX model applied indicating an
ef cacy pattern equal to our primary analysis. Anakinraghowe
the least amount of ef cacy whereas etanercept seemed most ef -
caciouper s€See the GLIMMIX basezipirical Bayestimates

in Figure 3.
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Figure 4. GLIMMIX based empirical Bayegstimates
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logics, we would expect between 10 and 56 patients to withdraw
from therapy due to adverse effects.

Strati ed analyses for ACR50

Of the 31 studies included in the Cochrane systematic re-

views, 25 studies reported withdrawals due to adverse @fent. Concomitant methotrexate vs. no methotrexate

these, 17 studies had concomitant DMARD therapy (most of{ginty studies included concomitant methotrexate and seven
methotrexate) and 8 studies had no concomitant DMARD thefygies did not. The use of biologic DMARDSs was associdied wit
apy. a signi cantly higher likelihood of achieving ACR50 compared t
Compared to placebo, patients receiving adalimumab, analfHB’placebo group in both groups of patients, those recesveng w
and in iximab were at signi cantly higher risk of withdrawlale ¢ comitant methotrexate, 2.22 (95% CI1 1.75 to 2.81) and those

to adverse events with ORs ranging from1.54 to Bi@dré 3. ot receiving concomitant methotrexate, 3.27 (95% Cl 2.05 to
Patients receiving abatacept, etanercept and rituximabdife NO5 21) (rable 3.

fer signi cantly from placebo with regard to safety - with ORs ) i )
. 2. RA disease duration - categorized as early RA vs.
ranging from 0.82 to 1.34.

2 . . lished RA vs. late RA
The indirect comparisons for withdrawals due to adverse e\?eSFﬁb ished RA vs. late

showed three signi cant differences between drugs, pigtenfiéve studies assessed early RA, eight assessed eRafdistied
favoring etanercefgble 5. Adalimumab was more likely to lead4 assessed late RA.

to withdrawals compared to etanercept with a ratio of OR (93@ble 4shows these results. Overall, in patients with early RA,
Cl; P -value) of 1.89 (1.18 to 3.04; P = 0.009); anakinra m@¥&R50 for biologic DMARD did not signi cantly differ from
likely than etanercept, 2.05 (1.27, 3.29; P =0.003); andetpherplacebo; RR = 1.43 (95% CI 0.98 to 2.09). For established RA
less likely than in iximab, 0.37 (0.19, 0.70; P = 0.002). 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, respectivenglfle 4.

. . . . 3. Anti-TNF biologic DMARDs vs. other biologic DMARDs
As the NNTB and NNTH are considered helpful for clinicians, g 9

translating the results into an absolute value, we usethtiver Fifteen studies included anti-TNF biologic DMARDs (adali-
measuressigure 3 to assess these. The analyses were bas@augiab, etanercept and in iximab) and 12 studies included othe
the empirical control event rate (CER) across all drugs, all Siglogic DMARDs (abatacept, anakinra, rituximab). Both anti-
ies. Thus, the expected CER for patients responding (ACR50N§ DMARDs (RR 2.39) and other biologic DMARDs (RR
placebo therapy was set to 20.7%, whereas the CER for pafleffi3 Were associated with a signi cantly greater likelgfood
withdrawing from therapy was expected to be 5.4%. achieving ACR50 than placebo.

Based on these NNTB values adalimumab, etanercept, and.fitse in patients who had failed traditional DMARDS vs.

uximab seemed equally ef cacious, with NNTB (adalimumakl)isiogic DMARDs (or both) vs. none

3 (95% con dence interval [Cl] 2 to 4) patients, NNTB (etatyenty studies included patients who have had traditional
ercept) = 3 (95% ClI 2 to 6) patients, and NNTB (rituximab) H\ARD failure (most commonly methotrexate failure), ve stud-
3 (95% ClI 2 to 7) patients, respectively. Followed by abatageptinciyded patients who were biologic DMARD failures (+-
with NNTB of 4 (95%Cl 3 to 8) and in iximab with NNTB 0f 5 p\yARD) and two studies included treatment-naive patients. Pa
(95% CI 3 to14). Indicating that among 1000 patients initiatingsnis who had failed traditional DMARDs were 2.37 times mor
therapy with one of these 5 biologics, we would expect betWgeR, o achieve ACR50 when they were treated with biologic
200 and 333 patients having at least a 50% (symptomatia} diS§gfnRDs compared to placebo. Those who had failed biologic
reduction. Anakinra V\(as_the least ef cacious drug, with a NNFRiARDs (or both traditional and biologic DMARD) were 3.24
of 16 based on non-signi cant results. times more likely to achieve ACR50 when they were treated with
The NNTH (withdrawal due to adverse event) and 95% COMyiologic DMARDs compared to placefalile 4. Treatment
dence interval (Cl) compared to placebo were as follows: 83 (g biologic DMARD was not associated with any signi cant

signi cant [n.s.]) for abatacept; 38 (95% Cl 19 to 162) for adajitference in ACR50 compared to placebo in patients who were
mumab; 31 (95% CI 17 to 92) for anakinra; 106 (n.s.) for etagpaRD-naive.

ercept; 18 (95% CI 8 to 72) for in iximab; and 60 (n.s.) for rit-

uximab. Because the 95% con dence interval includes negativé'd'e biologic DMARD agent vs. combination biologic

numbers (a consequence of being non signi cant) for abatal&pEPY

etanercept, and rituximab, the NNTH are dif cultto interpfet  Twenty- ve studies included use of a single biologic DMARD
indicated in the previous forest plot, as well the NNTH, ecapir and two studies used combination biologic DMARDs. Use of
data suggest a safety pro le in favor of etanercept ovenabix single biologic DMARD was signi cantly superior to placebo in
Among 1000 patients initiating therapy with one of thebé@six achieving ACR50/@ble 4. Use of combination biologic was not

Primary/major safety outcome- withdrawals due to adverse
events

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

Biologics for rheumatoid arthritis: an overview of Cochran e reviews (Review) 37
Copyright © 2009 The Cochrane Collaboration. Published by J  ohn Wiley & Sons, Ltd.



associated with signi cantly different results with reg AR50
when compared to placebo.

6. Treatment duration with biologic DMARD: short (6

months or less), intermediate duration (ce 6 to 12 months)

or long-duration (ce 1 year)

Seventeen studies had a short duration, 8 had an inteemediat
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 RCTSs, but not in long-term stgdies
Table 4.

7. Prior failure of TNF-biologic

Twenty-two studies had patients without prior failure of BNF
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 ahd eigh
studies did not. Biologic DMARDSs were signi cantly moréylike

to lead to withdrawals due to adverse events compared to placeb
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 methotrexasble §.

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

Variable Trialls OR  (95% ClI) 2
All studies 29 1.39 1.13 1.71 0.367
Drugs 0.370
Abatacept 6 124 088 1.76
Adalimumab 8 154 112 212
Anakinra 5 1.67 122 2.29
Etanercept 4 0.82 0.56 1.19

In iximab 3 221 128 3.82
Rituximab 3 134 065 2.76

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

38



Table 6. Strati ed Meta-analyses for Withdrawals due to Adse Events (Continued)

Concomitant 0.379
Methotrexate

Yes 21 130 1.02 1.65

No 8 1.70 112 257

RA status 0.318
Early RA 5 145 092 228
Established RA 9 125 087 1.78

Late RA 15 152 1.09 211
Biologic is a 0.364
TNF-inhibitor

Yes 15 1.27 094 1.69

No 14 155 114 211

Prior Drugs 0.314
failed:

Biologic 5 1.74 102 2.96
DMARD 22 141 111 1.79

None 2 0.85 041 1.76

Single Biologic s 0.373
Yes 27 Not estimable ,Statistical model did not converge
No 2 Not estimable ,Statistical model did not converge
Duration 0.331
of Randomized

Trial

Short 18 146 1.07 1.99
Intermediate 9 131 094 1.82

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

Prior failure to 0.336
TNF biologic

Yes 5 1.76 101 3.06

No 24 1.34 1.06 1.69
Sensitivity

(post hoc)

Drug|RA sta- 0.314
tus:

Abatacept 6 123 087 1.74
Adalimumab 8 154 113 211
Anakinra 5 173 126 237
Etanercept 4 0.82 056 1.19

In iximab 3 206 120 3.55
Rituximab 3 1.47 0.70 3.07

*: Analyzed using a GLIMMIX model.
The summary tau-squared’ was estimated as the sum of "STUDY"' and "STUDY*DRUG (iie)actovariance Parameter
Estimates.

TNF biologics were not associated with more withdrawals due to
adverse events compared to placebo, RR 1.27 (0.94Tal86) (

6).

Five studies assessed early RA, nine assessed establishEs R

assessed late RAble 6shows these results. Biologic DMARDs ) ] ) »

were associated with a signi cantly higher risk of withdrdweal 4j US? in patients who had failed traditional DMARDS vs.

to adverse events compared to placebo in patients with Iatéjﬁlﬂ,g'c DMARDs (or both) vs. none

RR 1.52 (1.09, 2.11), but not in patients with early or establis Twenty-two studies included patients who have had tratitiona
RA (Table 6. 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-
Fifteen studies included anti-TNF biologic DMARDs (adalirawals due to adverse events compared to placebo in both tradi
mumab, etanercept and in iximab) and 14 studies included ottienal DMARD- and biologic-failure, RR, 1.41 (1.11, 1.79) and
biologic DMARDs (abatacept, anakinra, rituximab). Non anfi:74 (1.02, 2.96). Biologic use in DMARD-naive patients was
TNF biologics were more likely to lead to withdrawals due to adt associated with any higher risk of withdrawals due tsadve
verse events compared to placebo, RR, 1.55 (1.14, 2.11). Awa#nts compared to placebo, RR, 0.85 (0.41, T&ite(6.

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

3. Anti-TNF biologic DMARDSs vs. other biologic DMARDs
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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
convergeTable §.

6. Treatment duration with biologic DMARD: short (6
months or less), intermediate duration (ce 6 to 12 months)
or long-duration (oce 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 triddl(e §.

7. Prior failure of TNF-biologic

Twenty-four studies had patients without prior failure df BN
ologics and 5 with prior TNF biologic-failure. Biologic DMARDs
were associated with more withdrawals due to adverse events co
pared to placebo in both groupalgle §.

Other outcomes

ACR70, ACR20 and overall withdrawals rates were avaitable f
all biologic DMARDSs and are presented by each diapie 7

For both ACR70 and ACR20, all biologics except anakinra were
associated with signi cantly better rates than placebar§irall
withdrawals were signi cantly lower than placebo for abiatacep
adalimumab, etanercept and rituxim&ble J. Anakinra and

in iximab were similar to placebo with regards to total watluel

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 (158, 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 401 (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 249 (147, 4.24) 0.0007
Rituximab 448 (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 miteece@ression) model in SAS, adjusting for a '‘Control Eaént R
xDuration of Trial' interaction;

t0 9.45).
The details of ACR70 by each drug are provided in the summary of )

ndings table Table }.Compared to placebo, patients receiving

each biologic except anakinra were signi cantly more likely tfihe risk of overall withdrawals from biologic DMARDs wag-sig
placebo to achieve ACR70. The RR of ACR70 with each biolaggmtly lower compared to control/placebo at 0.65 (95% CI 0.56
DMARDs were as follows: abatacept, 3.40 (95% CI12.10t0 4.94)0.76). Patients were signi cantly less likely to withdaw f
adalimumab, 4.01 (95% CI12.71t05.92); anakinra, 1.23 (95% @lerapy with abatacept, adalimumab, etanercept or rituasnab
0.64 to 2.39); etanercept, 3.02 (95% CI 1.94 to 4.70); in iximalspmpared to control/placebo. For anakinra or in iximab, thé to
2.49 (95% CI 1.47 to 4.24); and rituximab, 4.48 (95% CI 2.1@ithdrawals were not signi cantly lower than control/placebo
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HAQ scores as continuous outcomes were available for atloe-nasopharyngitis, and nausea. The adverse evermsmiost
views except abatacept for which categorical outcome of HAQraedy resulting in clinical intervention were due to inféction
crease by minimal clinically important change was provided.F&eA 2007).

diographic progression/scores were reported by evernuéwer s

ies. Slm_llarly, other outcomes_ as pre-speci ed in Ot_Jr promeol W yalimumab

not available from most reviews to perform statistical compar

isons. However, these are important outcomes for bothtpatiéie updated 2008 FDA label for adalimumab reports \Serious

and physicians, and are therefore provided in the Summadpfgtions, sepsis, tuberculosis and cases of opportafestc i
Findings tablegéble 2 Table 3. tions, including fatalities, have been reported with thod Tisd-

blocking agents including Humira® [adalimumaBPA 2009.
The SAS codes for GLINMIX codes are provided in Appendiycfiher serious infections seen in clinical trials include preum
and Appendix 7. nia, pyelonephritis, septic arthritis and septicaemipitélizs-
Summary of safety warnings from regulatory agencies tion or fatal outcomes associated with infections have been re-
Evidence from RCTs is limited in informing patients and phygprted"EMEA 2009h. Furthermore, hepatitis B reactivation has
cians regarding uncommon or rare adverse events. In the s&&ffhShown to be associated with adalimumab treakfeettty(
below, we summarize with warnings from the FDA, EMEA a@nada 2006 The FDA reports, \As observed with other TNF

Health Canada, the regulatory agencies in the USA, EuropePfeking agents, tuberculosis associated with the adtinistra
Canada, respectively. of Humira® in clinical trials has been reportédDA 2008.

In rare instances, adalimumab has been associated with, \new
onset or exacerbation of clinical symptoms and/or radiagraphi

) _ _ evidence of demyelinating disease including multipleistleros
No recent warnings have been issued with regard to abataggfita 20091). Furthermore, \In the controlled portions of clin-

On the product label of abatacept, the FDA warns against kngiiitrials of some TNF-blocking agents, including Humira, more
safety implications reporting, \In controlled clinical ti@lients  55e5 of malignancies have been observed among patiémgs receiv
receiving concomitant abatacept and TNF antagonist therapyie TNF blockers compared to control patieRBA(2008.
perienced more infections (63%) and serious infections (4.{88he of these hepatosplenic T-cell lymphomas have occurred in
compared to patients treated with only TNF antagonists (48% §Bung adult patients on concomitant treatment with azaithéopr
0.8%, respectively). Concurrent administration of a TNF-antgg 6-mercaptopurine used for Crohn's disease”. Thus, tloé risk
onist with abatacept has been associated with an increasfed fjgk development of hepatosplenic T-cell lymphoma cannot be
serious infections and no signi cant additional ef cacy avef Usgxciuded for patients treated with adalimurEABEA 20095.

the TNF antagonists alon&A 2007). Furthermore, the FDA Though the causal relationship of hematological reactiaheand
reports that, \rare occurrences of anaphylaxis or anaptiyctojse of adalimumab remain unclear as of 2008, the FDA label
actions have been observed in two of 2,688 patients treatedipies \Rare reports of pancytopenia including aplasti@mane
abatacept in clinical trials*[DA 2007). Trials have also shownpave peen reported with TNF blocking agents". Furtherrhere, t
that, \COPD patients treated with abatacept developedsadvepA reports \Treatment with Humira® [adalimumab] may result
events more frequently than those treated with placebdingcluin the formation of autoantibodies and, rarely, in thealawieint

COPD exacerbations, cough, rhonchi, and dysgFigA'2007).  of g Jupus-like syndrome"DA 2008.
The effects of abatacept on pregnant women, pediatricgatient

and the development of malignancies is \not yet fully uadétst _

(FDA 2007%. The European Medicines Agency (EMEA) repoftgakinra

the adverse reactions in patients treated with abatackipg rafnakinra leads to an increased rate of infections (2%) versus
the occurrences of such reactions as very comrtt0; com- placebo (less than 1%). Following the EMEA standard of classi -
mon (- 1/100 to ~ 1/10); uncommon ( 1/1,000 to ~ 1/100); cation of frequency of the occurrence of \undesirable effects" men
rare ( 1/10,000t0~1/1,000); and veryrare ("1/10,006)MEA tioned above, neutropenia and serious infection requirspg h
2009areports increase in blood pressure, abnormal liver functidization were common (between 1/10 and 1/100) and headaches
test (transaminases increased) and headaches are very comraioth enjlection site reactions were very common occurring in 1/10
verse reactions. Dizziness, cough, rash including derdiatitis or more patients treated with anakift®IEA 2004. \A... clin-

rhea, nausea, dyspepsia, abdominal pain, lower regpigator ical trial sponsored by Amgen Inc. showed a higher incidence of
infection (including bronchitis), urinary tract infection, herpserious infection and of neutropenia in anakinra and efanerce
simplex, upper respiratory tract infection, hypertensishing, combination group than patients receiving Enbrel [etanercept]
fatigue and asthenia are comnBRIEA 2009 Overall, \the alone and higher than observed in previous trials wheretKine
most commonly reported adverse events (occurring in 10%apakinra] was used aloeMEA 2003, therefore, the use of
more of patients) were headaches, upper respiratory ect iefanercept and anakinra is not recommended as it leadyto safet

Abatacept
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complications)". Furthermore, the FDA reports in its mosttrecbaen observed in clinical trials with Enbrel® for over ve.year
report on anakinra that \Hypersensitivity reactions agsbeith  Among 4462 rheumatoid arthritis patients treated witheE®br
Kineret [anakinra] administration are rafeDA 2001). More- in clinical trials for a mean of 27 months (approximately 10000
over, the FDA reports the effects of anakinra on the henmatolpgtient-years of therapy), lymphomas were observed fasfa rate
conditions of patients stating that, \In placebo-controlletiest 0.09 cases per 100 patient-years. This is 3-fold higher than the
with Kineret® [anakinra], treatment was associated withremaltate of lymphomas expected in the general population based on
ductions in the mean values for total white blood count,gilgtelthe Surveillance, Epidemiology, and End Results Databese. R
and absolute neutrophil count (ANC), and a small increase inrdports of pancytopenia including aplastic anemia, somea with
mean eosinophil differential percentag&’A(200]). With re- fatal outcome, have been reported in patients treated with En
gard to the development of malignancies for patients tatited brel®" (FDA 2008h. The FDA also reports, \Treatment with
anakinra, trials show that, \among 5300 RA patients tre#dted Enbrel® may resultin the formation of autoantibodies arelyr
Kineret [anakinra] clinical trials for a mean of 15 months (apthe development of a lupus-like syndrome or autoimmune hep
proximately 6400 patient years of treatment), lymphomas vegitis which may resolve following withdrawal of Enbréi®A(
observed for a rate of 0.12 cases per 100 patient years3.Bhis20080).

fold higher than the rate of lymphomas expected in the genEnal use of etanercept has also been associated with thefrelapse
population, based on the National Cancer Institutes $ameeil hepatitis Bilealth Canada 2006

Epidemiology and End Results (SEER) datal§gl3a'2007).

In iximab

Etanercept Inits recent revised report on in iximab, the EMEA reporte®n

In the post-marketing reports of etanercept, \Infectiongding risk of infusion reactions and hypersensitivity, stafmginfu-
serious infections leading to hospitalization or deatbeawn sion-related reaction was de ned in clinical studies as arseadve
observed in patients treated with Enbrel® [etanercé@ ( event occurring during an infusion or within 1 to 2 hours after
2008h. Furthermore, \Data from clinical trials and preclinicah infusion. In clinical studies, approximately 20% of mai-
studies suggest that the risk of reactivation of latentuidsés treated patients compared with approximately 10% of placebo-
infection is lower with Enbrel® than with TNF-blocking monotreated patients experienced an infusion-related effercxiApp
clonal antibodies. Nonetheless, post-marketing cases@f-tubmately 3% of patients discontinued treatment due to infusion
losis reactivation have been reported for TNF blockers,-inchedctions"EMEA 2009 In iximab is also associated with the
ing Enbrel® [etanercept]. Patients receiving Enbrel® shoulddlapse of hepatitis B as reported by Health Canada in 2006 (
monitored closely for signs and symptoms of active tuberculdsialth Canada 2006\Opportunistic infections have been re-
The possibility of tuberculosis should be considered, Bgpecigorted in patients treated with in iximab, suggesting hbat
patients who have travelled to countries with a high prexaliendefence against infection is compromised. It should be natted th
tuberculosis or had close contact with a person with active tubgrpression of TNF-alpha may also mask symptoms of infection
culosis. All patients treated with Enbrel® should haveautiior such as fever." There is also a possible association beiteveen in
history taken prior to initiating therap¥IA 2008. This nd- imab and heptosplenix T-Cell lymphoma in pediatric and young
ing is also stated in an important health warning issuedilti Headult patients with Crohn's diseddedlth Canada 200$b

Canada in 2008Health Canada 2006 \In a study designed to evaluate Remicade® [in iximab] in con-
Furthemore, etanercept has been associated with the gti-of gestive heart failure (CHF), 150 patients with moderate to se-
plasmosis and other invasive fungal infectitemlth Canada vere (NYHA class II-IV) CHF were treated with three infusions
20009 states, \...although no histoplasmosis infections wereofeRemicade 5mg/ kg, or placebo over six weeks. Higher inci-
ported among 17,696 patients from the United States and&Cartences of mortality and hospitlization for worsening ladaref

who were treated with Enbrel®, in 38 clinical trials and four agere seen in those patients treated with Remicade®, gspeciall
hort studies involving all authorized indications, podtatiag have treated with the higher dose of 10mg/kg. At presendf7 out
cases of serious and sometimes fatal fungal infectionfgncld@1 patients treated with Remicade® have died compared to no
histoplasmosis, have been reported with TNF blockersijrigcludeaths among 49 patients on placeBbEA 200). In a May
Enbrel®." The FDA also outlines the risk of nervous system c@009 revision of the Remicade label, the FDA warns, \Seribus a
plications stating, \nervous system complications suchiatemutometimes fatal infections due to bacterial, mycobacteaisilén
sclerosis, seizures, or in ammation of the nerves of theegedungal, viral, or other opportunistic pathogens have éeered
occurred in rare caseSDA 2008h). in patients receiving TNF- blocking agents. Among opportunis
Infections, including serious infections leading to haozgitah tic infections, tuberculosis, histoplasmosis, aspesgiléoglidi-

or death, have been observed in patients treated with@&nbasis, coccidioidomycosis, listeriosis, and pneumocys®sisewer
[etanerceptRDA 2008h. The FDA reports on the risk of malig-most commonly reported. Patients have frequently preséhted
nancies for patients on etanercept treatment, statingtPhtige disseminated rather than localized disease, and arekifign ta
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concomitant immunosuppressants such as methotrexate or eotti-fulminant hepatitis, which can sometimes [be] fatal &d th
costeroids with Remicade@DA 2009. In an investigation of risk of progressive multifocal leukoencephalop&ttugg 2008.
neurological events, EMEA reports \In iximab and othertageRDA and Genentech informed healthcare professionals of impor
that inhibit TNF-alpha have been associated in rare casestaithemerging safety information about Rituxan®. \Twe ptti
optic neuritis, seizure and new onset or exacerbation adlclidied after being treated with Rituxan® for systemic lugus er
symptoms and/or radiographic evidence of central nertems syhematosus (SLE). Rituxan® is approved for the above indica-
demyelinating disorders, including multiple sclerosipesipth- tion and is prescribed off-label for other serious disedsesan
eral demyelinating disorders, including Guillain-Bardé@ye" ditions such as SLE. The cause of death was progressive multi-
(EMEA 2009 focal leukoencephalopathy, a viral infection of the brainigthat
The increased risk of developing lymphoma is also repbrtedcaused by reactivated JC virus which is present in about 80% of
the controlled portions of clinical trials of all the TNF-blagkiradults" FDA 20068. Further risks include \cardiac arrythmias
agents, more cases of lymphoma have been observed amoagd@Eagina” which can be life threatening, and \bowel obstructi
tients receiving a TNF blocker compared with control patientsand perforation"§DA 2008H).
In the combined clinical trial population for rheumatoid d@ishr Health Canada 200éiso provide warnings of bowel obstruction
Crohn's disease, psoriatic arthritis, ankylosing sfimayter- and perforation, \Reports of abdominal pain, bowel ohistnyuct
ative colitis, and plaque psoriasis, lymphomas were dliservand perforation, in some cases leading to death, have beetbbs
a rate of 0.10 cases per 100 patient-years of follow-up, whighgatients receiving Rituxan®. The majority of reportsidintd
approximately 4-fold higher than expected in the generdpopall deaths, have occurred in patients receiving Rituxan imaembi
tion. Patients with Crohn's disease, rheumatoid arthrjiiaque tion with chemotherapy for NHL [(non-Hodgkin's Lymphoma)]
psoriasis, particularly patients with highly active dised&® indication. A causal relationship has not been established".
chronic exposure to immunosuppressant theramgsbe at a
higher risk (up to several fold) than the general populatitivef
development of lymphoma, even in the absence of TNF-blocking
therapy" EMEA 20093

DISCUSSION

TNF-blockers as a group
In 2008, the FDA issued a safety alert regarding anti-TNF $Hmmary of main results

ologic DMARDs, which stated that the risk of pulmonary aRghjs is the rst overview of Cochrane systematic reviews of bi
disseminated histoplasmosis, coccidioidomycosis, blasix;)mmgbic DMARDs for RA. We included updated reviews of six
and other opportunistic infections were not consistentlg—rquomgic DMARDS, including abatacept, adalimumab, anakinra
nized in patients taking tumor necrosis factor-alpha blIOEMETs ( etanercept, in iximab and rituximab in recommended approved
blockers including etanercept, adalimumab, iniximab or cgfses only.
tolizumab), which resulted in the delay of proper antifuregat t Five of the six biologics were statistically signi cantigrbisén
ment and at times led to deafiA 20083. The FDA reviewed pjaceho in achieving ACR50, the main ef cacy variable, as op-
240 reports of histoplasmosis, an infection caused by the f”BEsed to anakinra which was no different than placebo. The
Histoplasma capsulatum, in patients being treated witlelEnGjke|ihood of achieving ACR50 varied with different biclogi
Humira, or Remicade. The majority of the reports involve@eqy\maARDs. On the nominal level, all biologics had similar ef cacy
in the Ohio River and Mississippi River valleys (the fungusis oy ACR50 in indirect comparisons; it was evident that aaakinr
monly found inthose areas). In atleast 21 of the repordglast \yas half as ef cacious as adalimumab, etanercept, and bituxima
mosis was initially not recognized by healthcare profsssioda Thjs is an important observation, in the absence of directreompa
antifungal treatment was delayed. Twelve of those palt@hts jsons of these biologic DMARDS in RCTs. While we noted that
The FDA recommended that for patients at risk of histoplasrggrerent types of patient populations were treated \iiémedit
sis and other invasive fungal infections, clinicians sho:ﬂden’onbimOgiC DMARDSs, with some biologics being used more in pa-
empiric antifungal treatment until the pathogen(s) aré &n tients with longer disease duration and more DMARD failures
than others, we are also aware of the limitations of such analy
Rituximab ses, even when they were pre-speci ed. Most RCTs reported mean
While no reviews exist for rituximab in the EMEA website atharation of RA (used for de ning early, established andAdte R
Health Canada's reviews are outdated, the FDA providesits mhich may lead to ecological fallacy. Additionally, whiledékese
recent label for Rituxan® [rituximab] from 2008. In this lahel initions of RA duration may not be universally accepted, these
possible safety complications of Rituxan® use included \tumvere perhaps the only clinically acceptable de nitions kvailab
lysis syndrome which necessitates clinicians to adminisitgr prao us from the published literature available in existiogré@oe
laxis and monitor patients renal function, hepatitis Bvatioti reviews and other published literature.
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The main safety outcome was withdrawals due to adverse e@wesall completeness and applicability of
Withdrawals due to adverse events were signi cantly nigler i evidence

tients allocated to treatment than in those allocated toqnl‘amebWe had prespeci ed ACR50 and withdrawals due to adverse event

three biologic DMARDS, adalimumab, anakinra and in 'X'maQs as the primary ef cacy and safety outcome, which were reported

Abatacept, etgnercept and rituximab did not differ S|gr.iycant5 almost all of the studies included in each Cochrane system-
from placebo '_n withdrawals due to adverse events. Indirect %({@ review. The review includes completed and recentlydupdate
parisons for withdrawals due to adverse events showekltha . - : . .
; . L s chrane reviews of six biologics, therefore the evidemtisrepo
imumab, anakinra and in iximab each were signi cantly MAIB to date and current. In the absence of direct comparisons, this
likely to lead to withdrawals compared to etanercept. Tims se . R : - : '

. o . ; Study provides indirect comparisons of six biologics.
to be driven primarily by low withdrawal rates in the etgpterce
group due to better tolerability rather than higher ratésein
other biologics. In clinical practice, These comparisons may have,. .
implications for adherence to treatment with biologic DMAR Udlity of the evidence
in clinical practice. Six Cochrane systematic revieBlsnjenauer 20Q3Lethaby
The results from the other two ef cacy outcomes, ACR20 &3 Lopez-Olivo 2008Viaxwell 2008Mertens 2008Navarro-
ACR70 mirrored those for ACR50. This was very reassuring, &arabia 200Q5vith 31 studies were included in this overview of
sidering the heterogeneity of studies. Similarly, fesalisvith-  reviews.
drawals were similar to withdrawals due to adverse estigiss P The quality of evidence re ects the extent to which we are con -
were signi cantly less likely to withdraw for any reasonféiam dent that an estimate of the effectis correct. It was asgessetul fo
of the six biologic DMARDs, namely, abatacept, adalimumiahportant outcome in this review. The Cochrane Collaboration
etanercept and rituximab, compared to placebo. Withdramal frecommends the use of GRADE in assessing quality of evidence (
anakinra and in iximab were not different compared to placebiggins 2008. For most systematic reviews method of random-
This provides patients and physicians with an estimateaf ovieation and allocation concealment were not described, hlthoug
drug continuation. In clinical practice, use of these drugsris meame other de cits were noted in other studies.
for much longer duration than the duration of randomizdd,triaThe AMSTAR rating was good for all reviews with minor excep-
most limited to 6-12 months. Additionally, these medicatiays tions.
be used in patients who may have higher comorbidity than tdstcome measures for this overview of reviews were selected
enrolled in the RCTs. Therefore, these numbers are atuggst réollowing the recommendations of the Outcome Measures in
guides for short- to intermediate-term continuation ratseaff Rheumatolgy (OMERACT) group. Data on several important
these biologic DMARDSs. outcomes such as HAQ and radiographic scores were not reported
Our overview provides means for indirect comparisons aftheibiall the included reviews. Some measurements variedn&cross t
logics in the absence of head-to-head studies. Due to severaelmws and meta-analysis was not possible. For exarigple, rad
itations outlined in the section below, these ndings must be graphic scores were not reported in the rituximab revieas It w
terpreted with caution. impossible to pool the results for physical function as HA€sscor
Strati ed analyses showed lack of superiority of biologipoap were reported as a categorical outcome in the abatacept kkview an
compared to placebo in subgroups of patients with DMAR®s a continuous outcome in the other reviews. To combine results
naive disease (2 studies), in long trial duration of one or nbigimportant that they are similar.
years (2 studies) and use of multiple biologics for treatment@nplete risk of bias assessment was performed in twodinclude
studies). Lack of signi cance in all three instances seems teuews. Risk of bias assessment had to be performed berthe ot
related to small sample size with type Il error, rather tlagk a four reviews to complete the assessment of quality of evidence
of ef cacy in these groups. These analyses also showed {ackroflgé overview of reviews. Some study characteristics tvere no
cacy of biologics compared to placebo in early RA (5 studipg)yided in the included reviews. These were obtained fom th
whereas biologics were more effective than placebo irhestabtigginal studies. The methods used in some included statbes w
and late RA. In most studies, placebo groups also received batklearly described and could be a source of potential bias.
ground methotrexate similar to the biologics groups, whach is
very effective DMARD for many patients. It is possible that in
early disease what matters the most is the initiation of DMARPotential biases in the overview process
not necessarily the type of DMARD or whether it is a single v(sr-

sus combination DMARD therapy. It is also possible that b smaldr review has several limitations. Lack of reporting oflmany .
sample size (5 studies) led to lack of signi cance portant outcomes from RCTs (HAQ, SF-36 scores, radiographic

scores etc.) limited our ability to analyze them and compare the
between biologic DMARDSs. Since our data extraction was lim-
ited to Cochrane reviews and not the original studies, &ss po
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ble that we may not have captured all minor outcomes. Howe&greements and disagreements with other
primary/major safety and ef cacy outcomes were availatile fatadies or reviews

incl reviews and for m ies within the reviews. . - .
cluded reviews and for most studies within the reviews Our results agree with several similar analyses in théquast.

To our knowledge there are no head-to-head comparisons %fv%fr', since our review has several more studies than intluded i

cacy and safety of various biologic DMARDs in patients wmwe previous reviews/overviews, some estimates diffeecasd.

RA. With the introduction of multiple DMARDs whose ef Ca'Additionally, our review includes six biologics used inastand

cies have yet to be compared to one another, it is unclear Wsz)l?oved doses, while most previous reviews have inctixded an

?IOIOQIC [;MARD |sfmorg effectlxce,.saf(?r, angAbelst t;\llomﬁéo TNF biologic DMARDs with few exceptions, and many used
erent subgroups of patients suffering from RA. In theczbs "RCT data from non-standardized doses.

such direct comparisons, indirect comparisons such as theﬁﬁ g%eta-analysis of RCTs of anti-TNF biologic DMARDSs for
provide useful information. Indirect comparisons havaldawer RA (Alonso-Ruiz 2008compared to control treatment, the rel-
itations. RCTs differ in patient population characteristiosf ative risk of achieving ACR50 was 2.6 for adalimumab, 2.1 for

prominently in mean RA disease duration, prior fa'ledwlere}n iximab and 2.6 for etanercept. The relative risk of wétivefs

concomitant use of DMARDs and trial dgraﬂqn. Even thoq%e to adverse events was 1.42 (1.01 to 1.99) for adalimumab,
several RCTs have been done for most biologics, we wede In'éu (0.53 o 0.92) for etanercept and 2.04 (1.34 to 3.12) for

in that many biologics only had three to ve §tud|e§. Th'_ssna_lh'?iximab compared to control treatment. The pattern of these
many of our analysgs prone to t}’pe Il error, |.e.., ms_sgngfa Slrelative risks are very similar to those reported in oyr stud

icant result, when difference EXIS.tS between b_'OIOQ'C _DMAPIRSa systematic review of four biologics for RA, TNF-inhgbitor
Therefore, these result; must be interpreted with caution. were similar to each other in ef cacy, but seemed to be batter tha
Addltlohally,_some.stud|es presented data on safet_ydos@l anakinra Gartlehner 2006 There were no differences between
of the biologic, notjust the.recommendeq dos_e and.ln SOME GARES anti-TNF biologic DMARDSs (adalimumab, etanercept and
presented data for the entire study duration, including#re o ;. iximab) and anakinra for achieving ACR50. Our study con-
label phase. This I'm'f[ed our ability t(_) get the data forfthe %ms this nding and extends it to comparisons of six biologics
proved dose_ only_ during the randomized phase. Seve!Ead sri%\uding abatacept and rituximab,

allowed continuation of DMARDS such as methotrexate in a APistensen 2008xamined patients with established RA and based

portion qf the patient_s, but not all patients - 1_58% of patiemt on ACRS50 following one year of therapy, estimated the NNTB
an anakinra study-feischman 2003&nd 78% in an abataceptto be 8 (5 to 38) patients for in iximab, 4 (3 to 6) for etanercept

study continued on methotrexae(ovese 20p5These studies and 4 (3 to 6) for adalimumab. Our NNT estimates for achieving
make the placebo group heterogeneous compared to other Stygie,cy e very similar to this previous study: 5 for ingilgim

where patients are usually randomized to placebo + metho&r&a(:g for etanercept and adalimumab. In comparison, we report

_atfe or plgcebt:) anne.ISolmde Sgchrr]ane rzwev_vs (;'d hcl)t Pmr_f]_semgWNTB for rituximab was 3 and for abatacept, 4 patients. We
information that was included in the randomized trials. ifis have also provided NNTH for these biologic DMARDs.

cluded exclusion of ACR20 in the rituximab reviap¢z-Olivo Lee 2008ndirectly compared TNF-inhibitors (etanercept, in ix-

_2008 full rgview iq press) and withdrawals due to adversg YRS and adalimumab) to each other for RCTs of 50 weeks or
in an anakinra revieMgértens 2008 We requested and obtalneqonger in RA . Three studiéspsky 200(in iximab); Klareskog
this information from the authors of these reviews and dmi:lucLloo4 (etanercept); ankleystone 2004ada|imuma’b) quali ed
!t n th|§ systematic review. Several key study char.jastmm. e and were included. The RR (95% ClI, P value) of achieving ACR
impossible to extract from each Cochrane systematic ravisw, O were asfollows: etanerceptversusin iximab, 0.59 (0.28to

therefore neccesary to abstract this information from 'nmaiividP - 0.19); etanercept versus adalimumab, 0.37 (0.22 to 0.60, P~

studies. 0.0001); and in iximab versus adalimumab, 0.62 (0.25 toB.49,

One must be careful in interpreting the odds ratios that wiay lo 0.28). However, the authors failed to reduce the betwegn stud
slightly different from each other numerically, but nostitzily. ’

Itis i tant 1 der the 950¢ d int | hyariation,and did not interpret their data in absolutedeviith-
IS Important fo consider the o con dence intervals w H?awals due to adverse events among the three TNF inhibitors

Snsterp(rje(t?ljr&s tr;ese nur(rj]birj. ind dently for thi . were as follows: etanercept versus in iximab, 1.01 (0.3@to 3.
an abstracted all data independently for this rewstv. | _ 0.98); etanercept versus adalimumab, 0.38 (0.17 to 0.86, P

review data had previously also been abstracted inddgend:eatoz)_ and in iximab versus adalimumab, 0.37 (0.11 to 1.36

by two review authqrs. This we bel_leve minimizes er_rorsun = 0.14). Our estimates differ from this study such that neithe
abstractions, and biases due to this error. The quality of R&ERSO nor withdrawals due to adverse events were sigyi cantl
was _reasonably gopd, although some RCTs did not repornt Cefifterent among the three TNF-inhibitors. This is likely due
quality characteristics. 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 appromplications for practice
doses as well as RCTs with non-standardized ldxss007. In the absence of direct comparisons of biologic DMARDS in pa-

ACRS0 yvas S|m|lar. between the various T.N E-plockers, as ks with RA, practitioners are faced with adilemmawhes-choo
study, with odds ratios (95% Cl) as follows: in iximab/eta, ing biologic DMARDSs, for patients who have failed tradition

0‘%8 (8‘:5 to 1'95_); gc!alm;umab/etanercept, 0.94 (05110 1'% JARDs. This review provides summarization of data regardi
and adalimumabyin iximab, 0.96 (0.48 to 1.90). these six biologics for which Cochrane reviews have been com-

Donlahue 2008.3e(rjformed.a qualltatl\/le §ynthfe§(s:$nd y;tma:e rB?eted and updated. Anakinra seems less ef cacious th&ethe ot
analyses provided quaniitative analysis) o S, tbselva, biologics and etanercept seems to lead to lower withdrawal

studies and meta-analyses of traditional and _b'O|Og'C DMA'?Qes due to adverse events compared to adalimumab, anakinra
for RA Donahue 2008 They reported that anakinra led to Ioweignd in iximab

ACR50 compared to anti-TNF drugs and similar ACR50 among

the anti-TNF drugs. These ndings are in agreement with qH’ipIications for research

quantitative approach.

Previous studies have analyzed the risk of malignancyi-and/épelieve that RCTs of direct head-to-head comparisons of bio-
ous adverse events from RCTs of in iximab and adalimumdBgic agents in patients with RA are needed. These RCT shoul
Bongartz 2006and etanercepBpngartz 2009 Odds Ratio of examine the relative ef cacy and safety of biologics forsvariou
malignancy was 3.3 (1.2 to 9.1) for all doses of in iximab afi@ges of the disease (early, established and late RA)|exariou
adalimumab and 2.0 (1.3 to 3.1) for serious infections, when c8H of functional limitation (mild, moderate and severation)

pared to control treatment. The risk of malignancy was 1.87 ((®d the nature of prior treatment (traditional DMARD-nanee, t

to 5.59) in a patient level meta-analysis of etanerceptoersusditional DMARD-failure, biologic-failure, multiple biokodail-

trol treatment Bongartz 2000 Due to a pre-speci ed require-U"e)-

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. ACKNOWLEDGEMENTS
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