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ABSTRACT

Background

Biologics are used for the treatment of rheumatoid arthritis and many other conditions. While the efficacy of biologics has been established,
there is uncertainty regarding the adverse effects of this treatment. Since important risks such as lymphomas, serious infections and
tuberculosis (TB) reactivation may be more common to the biologics but occurin small numbers across the various indications, we planned
to combine the results from biologics used in many conditions to obtain much needed risk estimates.
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Objectives

To compare the potential adverse effects of tumor necrosis factor inhibitor (adalimumab, certolizumab, etanercept, golimumab,
infliximab), interleukin (IL)-1 antagonist (anakinra), IL-6 antagonist (tocilizumab), anti-CD28 (abatacept), and anti-B cell (rituximab) therapy
in patients with any disease condition except human immunodeficiency disease (HIV/AIDS).

Methods

Randomized controlled trials (RCTs), controlled clinical trials (CCTs) and open-label extension (OLE) studies that studied one of the nine
biologics for use in any indication (with the exception of HIV/AIDS) and that reported our pre-specified adverse outcomes (serious adverse
events (SAEs), withdrawals due to adverse events (AEs), total AEs, serious infections; specific AEs, namely, tuberculosis (TB) reactivation,
lymphoma and congestive heart failure) were considered for inclusion. We searched The Cochrane Library, MEDLINE, and EMBASE (to
January 2010). Identifying search results and data extraction were performed independently and in duplicate. For the network meta-
analysis, we performed both Bayesian mixed-treatment comparison models and arm-based generalized linear mixed models.

Main results

We included 160 RCTs with 48,676 participants and 46 extension studies with 11,954 participants. The median duration of RCTs was six
months and 13 months for OLEs. Data were limited for TB reactivation, lymphoma, and congestive heart failure. Using standard dose,
compared with control, biologics as a group were associated with a statistically significant higher rate of total AEs (odds ratio (OR) 1.28,
95% credible interval (Cl) 1.09 to 1.50; number needed to treat to harm (NNTH) = 22, 95% confidence interval (Cl) 14 to 60), withdrawals
due to AEs (OR 1.47,95% CI 1.20 to 1.86; NNTH =26, 95% CI 15 to 58), serious infections (OR, 1.37,95% CI 1.04 to 1.82, NNTH = 108 95% Cl,
50 to 989) and TB reactivation (OR 4.68, 95% Cl 1.18 to 18.60; NNTH =681, 95% Cl 143 to 14706).

The rate of SAEs, lymphoma and congestive heart failure were not statistically significantly different between biologics and control
treatment.

Certolizumab pegol (OR 4.75,95% Cl 1.52 to 18.65; NNTH =12, 95% Cl 4 to 79) and anakinra (OR 4.05, 95% Cl 1.22 to 16.84; NNTH = 14, 95%
Cl 4 to 181) were associated with a statistically significantly higher risk of serious infections compared with control treatment. Compared
with control, certolizumab was associated with a statistically significantly higher risk of SAEs (as defined in included studies: OR 1.57, 95%
Cl11.06 to 2.32; NNTH =18, 95% CI 9 to 162). Infliximab was associated with a statistically significantly higher risk of total AEs OR 1.55, 95%
Cl11.01 to 2.35; NNTH = 13, 95% CI 8 to 505) and withdrawals due to AEs compared with control (OR 2.34, 95% Cl 1.40 to 4.14; NNTH = 10,
95% Cl 5 to 30).

The overall numbers were relatively small for indirect comparisons. Indirect comparisons revealed that certolizumab pegol was associated
with a statistically significantly higher odds of serious infections compared with abatacept, adalimumab, etanercept, golimumab and
rituximab; and anakinra was statistically significantly more likely than rituximab to be associated with serious infections. Certolizumab
pegol was associated with a statistically significant higher odds of SAEs compared with adalimumab and abatacept. No statistically
significant differences were noted between biologics in total AEs or withdrawals due to AEs in indirect comparisons.

Authors' conclusions

Overall, in the short term biologics were associated with statistically significantly higher rates of serious infections, TB reactivation, total
AEs and withdrawals due to AEs. Serious infections included opportunistic infections as well as bacterial infections in most studies. Some
biologics had a statistically higher association with certain adverse outcomes compared with control, but there was no consistency across
the outcomes so caution is needed in interpreting these results.

Thereis a need for more research regarding the long-term safety of biologics and an urgent need for comparative safety reports of different
biologics; preferably without industry involvement. National and international registries and other types of large databases are relevant
sources for providing complementary evidence regarding the short- and longer-term safety of biologics.

PLAIN LANGUAGE SUMMARY

Side effects of nine commonly used biologics

This summary of a Cochrane review presents what we know from research about the side effects of biologics used for many conditions
including inflammatory arthritis and other inflammatory conditions, cancer, and neurological conditions. We did not include studies
on HIV/AIDS. The nine biologics we studied were: abatacept (Orencia®), adalimumab (Humira®), anakinra (Kineret®), certolizumab
pegol (Cimzia®), etanercept (Enbrel®), golimumab (Simponi®), infliximab (Remicade®), rituximab (Rituxan or Mabthera®) and tocilizumab
(Actmera®).

The review shows that people using these biologics in the short term:
- will probably be a little more likely to experience more serious infections or tuberculosis than people who take placebo (fake drug);

- will probably be a little more likely to experience side effects or drop out of the study due to side effects than people who take placebo;

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review) 2
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- will probably not experience more serious side effects* (other than serious infections), cancer, or congestive heart failure than people
who take placebo.

(*A serious side effect is a life threatening adverse event that can result in death or hospitalization and disability or permanent damage).
We do not have precise information about other possible side effects and complications, including rare or long-term side effects.
What are biologics?

Biologics are a group of medications that suppress theimmune system and reduce the inflammation, even though suppressing theimmune
system can make it slightly harder to fight off infections.

Best estimate of what happens to people who take biologics in the short term (range: 1 to 63 months)
Serious side effects

Among people who took any biologic, 127 out of 1,000 had serious side effects compared with 118 people out of 1,000 who took placebo
(1% absolute harm).

All side effects reported

Among people who took any biologic, 770 out of 1,000 had side effects compared with 724 people out of 1,000 who took placebo (5%
absolute harm).

Drop-out of study due to side effects

Among people who took any biologic, 137 out of 1,000 dropped out of the study due to side effects compared with 98 people out of 1,000
who took placebo (4% absolute harm).

Serious infections

Among people who took any biologic, 35 people out of 1000 experienced serious infections compared with 26 people out of 1000 who took
placebo (1% absolute harm).

Tuberculosis

Among people who took any biologic, 20 out of 10,000 had tuberculosis compared with 4 people out of 10,000 who took placebo (0.16%
absolute harm). However, there were not many cases of tuberculosis so our confidence in this result is low.

Lymphoma (Cancer of the blood)

Over the short time frame of these trials, there may be little or no difference in the number of people who experienced cancer while taking
any biologic compared with people who took placebo. However, there were not many cases of cancer so our confidence in this result is low.

Congestive heart failure

There may be little or no difference in the number of people who experienced heart failure taking any biologic compared with people who
took placebo. However, there were not many cases of congestive heart failure so our confidence in this result is low.

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review) 3
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BACKGROUND

Description of the condition

Many biologic agents have been introduced to treat rheumatoid
arthritis (RA) in the last two decades. RA is an inflammatory
arthritis characterized by joint and systemic inflammation; joint
pain, deformity and destruction (Harris 1990). RA affects 0.5%
to 1.0% of the adult population worldwide (Kvien 2004) and is
associated with significant work disability, functional limitation,
and deficits in health-related quality of life (HRQoL) (Kvien 2005;
Lubeck 2004; Odegard 2005; Pincus 1983; Yelin 2007).

Many biologics initially introduced for treatment of RA have also
been used for several other conditions, such as psoriasis (Rozenblit
2009), psoriatic arthritis (Golicki 2009), ankylosing spondylitis
(Zochling J) and inflammatory bowel disease (IBD) (Behm 2008).
Additionally, some biologics such as rituximab were initially used
for treatment of lymphoproliferative disorders (Schulz 2007; Vidal
2009) before being used for the treatment of RA. Biologics have also
been used in the treatment of neurological disorders (Menge 2008).
Thus, biologics commonly used for treatment of RA are also being
used for treatment of several other diseases.

Description of the interventions

The main objective of this review was to review the safety of the
nine biologics available for treatment of RA by including all data for
these nine biologics in RA and other conditions. We included the
following nine biologics.

1. Five tumor necrosis factor (TNF) inhibitors (Scott 2006):
infliximab (Remicade®), approved for RA in the US in 1998 (FDA
1999; FDA 2009e); etanercept (Enbrel®), approved for RA in
1998 (FDA 1998a; FDA 1998b); adalimumab (Humira®), approved
for RA in 2002 (FDA 2002a; FDA 2002b); certolizumab pegol
(Cimzia®), approved for RA in 2008 (FDA 2009c¢); and golimumab
(Simponi®), approved for RA in 2009 (FDA 2009a; FDA 2009b).

2. Anti-interleukin (IL)1 therapy: anakinra (Kineret®), approved for
RAin 2001 (FDA 2001).

3. Anti-CTLA4 therapy: abatacept (Orencia®), approved for RA in
2005 (FDA 2005; FDA 2009d).

4. Anti-CD20 therapy: rituximab (Rituxan® or Mabthera®, approved
for lymphoma in 1997 and for RA in 2006 (Drugs.com 2006; FDA
2006).

5. Anti-IL6 therapy: tocilizumab (Actmera®), approved for RA in
2010 (FDA 2010).

Medications are administered subcutaneously except for
infliximab, abatacept, rituximab, and tocilizumab which are
administered as intravenous infusions.

How the intervention might work

These biologics target various immune cells or cytokines that play a
key rolein local and systemicinflammation. Several biologics target
tumor necrosis factor (TNF)-alpha in the joint lining, bone, and
other tissues; while others target T-cells, B-cells and interleukins
(IL). Anti-TNF biologics include both soluble receptors that serve
as decoy receptors competing with TNF-receptors (etanercept) and
monoclonal antibodies targeting the TNF-receptors (infliximab,
adalimumab, golimumab, and certolizumab pegol). Anakinra is an

IL-1receptor antagonist, targeting another cytokineimportantin RA
pathogenesis. Rituximab is a monoclonal antibody against CD20,
which is found primarily on B-cells. Abataceptis a man-made fusion
protein, inhibiting co-stimulation of T-cells. Due to the different
mechanisms of action for these biologics, several adverse events
(SAEs) such as tuberculosis (TB) reactivation with TNF-inhibitors
and neutropenia and lipid abnormalities with tocilizumab are drug
specific. However, some adverse events (AEs) such as increased
risk of infection are related to a general immunomodulator or
immunosuppressive effect and are common to all biologics.

Why it is important to do this overview

Placebo-controlled trials have demonstrated that biologics are
effective in decreasing joint and systemic inflammation, delaying
radiographicjoint destruction, preventing disability, and improving
productivity in patients with RA and other types of inflammatory
arthritis (Blumenauer 2002; Blumenauer 2003; Doherty 2009;
Keystone 2009b; Maxwell 2009; Mertens 2009; Navarro-Sarabia
2005; Ruiz Garcia 2011; Singh 2009a; Singh 2009b; Singh 2010a;
Singh 2010b; Strand 2008; Strand 2010). Safety is animportantissue
and with a limited number of RCTs included in each condition it is
prudent to pool safety data across conditions to provide a better
understanding of toxicity. This uses an approach recommended by
The Cochrane Collaboration (Becker 2008) and will assist clinicians
and patients in making more informed treatment choices. As
evidence accumulates, even rare adverse events (AEs) with a
medication may become apparent. An example of the strength
of cumulative evidence is the recent recognition of the risk of
infections including TB with anti-TNF biologics by the US Food
and Drug Administration (FDA) as larger numbers of patients
are exposed to treatment over time. We believe that most AEs
from medications are independent of the underlying diagnoses
for which the medication is being used, therefore, pooling the
safety data from studies of biologics from different conditions is
worthwhile.

Several of the AEs of interest are thought to be definitely linked
to exposure to biologics. These include infusion reactions, an
increased risk of infections including fungal injections, and TB
reactivation. For several of these AEs, a biological rationale exists.
For example, TNF is important in the immune response against
infections, suggesting that medications that inhibit TNF may
increase the risk of infections and reactivation of TB. The linkage
to other AEs such as congestive heart failure and cancers is not as
strong.

A systematic assessment of the safety of these nine biologics
that are used for the treatment of RA has not been done. This
network meta-analysis systematically assessed the adverse effects
of the nine biologics using evidence from controlled trials of the
treatment of any indicated condition (rheumatological and non-
rheumatological), with the exception of human immunodeficiency
disease (HIV/AIDS), for which these biologics are used. We recognize
that since some of the AEs of interest are rare but serious, and occur
during long-term use of biologics, we need to also look at non-
randomized studies to fully address our question. We plan to do a
systematic review of non-randomized studies as a second phase to
this project.

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review) 4
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OBJECTIVES

The primary objective was to assess the potential adverse
effects of the nine biologics abatacept, adalimumab, anakinra,
certolizumab pegol, etanercept, golimumab, infliximab, rituximab,
and tocilizumab across different indications of use except human
immunodeficiency disease (HIV/AIDS).

METHODS

Criteria for considering reviews for inclusion

Randomized controlled trials (RCTs), controlled clinical trials (CCTs)
and open-label extension studies (OLEs) that studied one of the
nine biologics for use in any indication (with the exception of HIV/
AIDS) and that reported any adverse outcome were considered
for inclusion. These nine biologics were chosen since they are
approved for the treatment of RA and other conditions in Europe,
UK, USA, Canada, and Australia. All Cochrane and non-Cochrane
systematic reviews were screened to identify additional RCTs, CCTs,
and OLEs.

Search methods for identification of reviews

We searched the Cochrane Database of Systematic Reviews (The
Cochrane Library), Health Technology Assessment Database (HTA),
and Database of Abstracts of Reviews of Effects (DARE) to identify
existing systematic reviews (see Appendix 1). We scanned the lists
of studies included in these systematic reviews to assemble a list
of known RCTs. Taking the date of the oldest of the systematic
reviews we then ran searches in CENTRAL (The Cochrane Library),
MEDLINE, and EMBASE to find RCTs, CCTs and OLEs which have
been published since then, using the search strategies described in
Appendix 2. We also ran a search with a filter for finding adverse
effects as described in Appendix 3.

Types of studies
We considered RCTs, CCTs, and OLEs for inclusion.

Types of participants

Adults (aged 16 years or older) with any disease (except HIV/AIDS)
included in studies of any of the nine biologics were considered
for inclusion. As we were interested in adverse events that may
occur rarely, we did not exclude studies based on disease. The only
disease that we excluded from our review was HIV/AIDS due to the
complexity of treating this condition.

Types of interventions

Interventions included abatacept, adalimumab, anakinra,
certolizumab pegol, etanercept, golimumab, infliximab, rituximab,
and tocilizumab alone or in combination with other therapies for
any medical condition (other than HIV/AIDS) compared to any other
therapy or placebo.

Types of outcome measures
Major outcomes

1. Number of serious adverse events (SAEs): counted as the
total number of SAEs, as listed in each study. Most studies
use good clinical practices and standard definitions, even
when not explicitly specified. One of the common definitions
used in studies is the U.S. Food and Drug Administration’s

(FDA) definition for SAE, that includes death, life-threatening
event, initial or prolonged hospitalization, disability, congenital
anomaly or an adverse event requiring intervention to prevent
permanent impairment or damage (FDA 2010b). If the total
number of SAEs was not presented, we took the number of
patients with any (= one) SAEs in a study (as defined in the study)
for this outcome.

2. Withdrawals due to adverse events (AEs): defined in a standard
manner in studies.

3. Number of AEs: defined as the total number of AEs. If the total
number of AEs was not presented, we took the number of
patients with any (2 one) AEsin a study (as defined in the study)
for this outcome.

4. Number of serious infections: defined as 'serious infections' in
each study (definitions varied but usually included infections
associated with death, hospitalization, and use of intravenous
antibiotics).

5. Tuberculosis (TB): diagnosis of TB, TB reactivation, miliary or
cavitary TB of the lung or any other body organ. If TB for the
different organ systems was provided separately, we took the
total of all cases in all organ systems. One patient could only
contribute one case of TB, even if they had more than one organ
with TB. Some studies presented the number of TB diagnoses;
we assumed that this was the number of unique patients with
TB.

6. Leukemia or lymphoma: a new diagnosis of leukemia or
lymphoma.

7. Congestive heart failure (CHF): any diagnosis of CHF or CHF
exacerbation

Minor outcomes

1. All cardiac AEs: these included the presence of any of the
diagnoses CHF or CHF exacerbation, a new diagnosis of
coronary heart disease (CAD) or angina, acute CAD event
characterized by myocardial infarction or unstable angina,
arrhythmia, malignant hypertension.

2. Infusion and injection site reactions: for intravenous
medications, the number of infusion reactions and for
subcutaneous medications, injection site reactions were
included.

3. Allergic reactions: included skin rash or allergic reactions.
If a study provided both anaphylactic and allergic reactions
separately, we planned to add them to obtain the value for all
allergic reactions.

4. Neurologic: these included a new diagnosis of one
or more of multiple sclerosis, Guillain-Barre syndrome
(GBS), chronic immune demyelinating polyneuropathy
(CIDP), multifocal motor neuropathy, progressive multifocal
leukoencephalopathy (PML), or other demyelinating neurologic
disease. If a study presented both specific and grouped
neurologic AEs, we planned to include the grouped data.

5. Death.

6. All cancers: all cancers including leukemia or lymphoma were
extracted. If a study provided the total number of cancers
and the number of lymphoproliferative cancers, we planned to
include the total number of cancers. If a study only provided
type- or site-specific cancers, we planned to calculate the total
number of cancers. Where possible, we planned to extract the
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number of patients with cancers rather than the number of
cancers (one patient may have more than one cancer).

7. Serious lung infection or pneumonia: serious lung infections
as defined in each study were extracted. These are usually
defined as lung infection with use of intravenous antibiotics,
hospitalization, intubation, or death and could include
pneumonia, lung abscess, and pyothorax. If not provided, we
planned to calculate the total number of serious lung infections.
If a study provided numbers for pneumonia and serious lung
infections separately, then the number of cases of pneumonia
were planned for inclusion.

8. Fungalinfections: all fungal infections including but not limited
to histoplasmosis, cryptococcosis, candidiasis, aspergillosis,
mucormycosis, blastomycosis, and coccidioidomycosis. We
planned to extract the total number of fungal infections
if specified, or calculated the total number from the data
provided.

9. Opportunistic infections: opportunistic infections as labeled in
each study was extracted. If no opportunistic infections were
reported, the value would be set to missing, since these were not
being routinely reported specifically in initial trials of biologics.

As outlined above, for any adverse outcome in either the major or
minor categories, if the number of cases of specific AEs and the
overall number of AEs within a specific category were provided
within a study, we extracted the overall number of AEs within the
specific category except for the outcome of pneumonia and serious
lung infection, where numbers for pneumonia rather than serious
lung infection were extracted.

All outcomes were expressed as a percentage of the patients
randomized (intention-to-treat analysis). For open-label extension
studies, the number of patients entering the open-label phase was
used as the denominator.

For each study, the duration of observation was extracted to
calculate the person-years of exposure.

Data collection and analysis
Selection of reviews

Two teams of review authors (DF and JKM; EG and GF)
independently assessed titles and abstracts to identify relevant
studies for inclusion. The full text of the study was obtained when
necessary to confirm inclusion. We included all completed RCTs,
CCTs, or OLEs if the studies contained clinically relevant safety
outcomes forany of the nine biologics and met the inclusion criteria
listed above. We also screened the reference lists of systematic
reviews to identify any studies missed by the electronic database
search.

Data extraction and management

The data were extracted independently and in duplicate by the 10
review authors and an extraction partner. There was an overlap of
two articles across all 10 review author teams to assess the inter-
rater reliability of data extraction across the different teams (JS,
ETG, NS, JKM, GF, LL, ML, LM, JS, RB). We performed data extraction
using an Excel sheet that was piloted on 10 articles. Disagreements
on extractions were resolved by discussion.

Assessment of methodological quality of included reviews

To assess the risk of bias of each included study, we used The
Cochrane Collaboration recommendations for assessment. The
criteria applied to measure the risk of bias included: allocation
concealment, random sequence generation, presence of blinding
in the studies (patients, assessors and physicians), incomplete
outcome data, selective outcome reporting, and evidence of major
baseline imbalance (Higgins 2011). In addition, the following
criteria, specific to the assessment of adverse effects, were
assessed.

« Adverse event definition: did the study provide a definition for
'serious adverse events'?

« Method of adverse event assessment: did the researchers
actively monitor for AEs (low risk of bias) or did they simply
provide spontaneous reporting of AEs that arose (high risk of
bias)?

« The risk of bias of each study was explicitly judged on each
criterion using the following: low risk of bias, high risk of bias, or
unclear risk (either lack of information or uncertainty over the
potential for bias).

Data synthesis
Statistical analysis
Methods for the Bayesian mixed treatment comparison

Following assessment of heterogeneity across trials in terms
of patient characteristics, trial methodologies, and treatment
protocols, we conducted Bayesian network meta-analyses for
outcomes pre-specified in the PICO (Participants, Interventions,
Comparisons, Outcomes) statement: withdrawal due to adverse
event (WdAE), serious infection (SInf), serious adverse events
(SAEs) and adverse events (AEs). The effect estimate chosen
depends on the outcome of interest and the availability of data.
WAAE is a simple binary variable, and SInf and SAE are essentially
a simple binary event since the occurrence of multiple events
of this nature is unlikely; for these outcomes the effect estimate
chosen is the odds ratio (OR). For the outcome AE, multiple events
are likely in which case the rate of the occurrence of the event
is of interest. In the dose-adjusted analysis, we considered the
following standard FDA doses as approved for use in RA patients
(column two in Table 1) for calculating dose multiples for each
biologic (last column in Table 1). Three general models were
considered for including dose, namely: the standard dose model
in which only the arms of the trials in which the standard dose
equivalent was compared to control are included; considered;
the unadjusted dose model in which all dose arms of the trials
are included; and the dose-adjusted model in which all dose
arms of the trials are included as a covariate in the model. The
primary analysis was based on the standard dose model; sensitivity
analyses were performed using unadjusted and dose-adjusted
models. We conducted both fixed- and random-effects models;
model selection was based on the deviance information criterion
(DIC) and residual deviance. R (R Foundation for Statistical
Computing, Vienna, Austria) and WinBUGS (MRC Biostatistics
Unit, Cambridge, UK) were used for Bayesian network meta-
analyses according to the routine which accommodates evidence
structures which may consist of multi-arm trials as developed at
the Universities of Bristol and Leicester. Posterior densities for
unknown parameters were estimated using Markov Chain Monte
Carlo methods. Basic parameters were assigned non-informative or
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vague prior distributions; more informative priors were considered
after evaluation of the information base and clinical expert
advice. Point estimates and 95% credible intervals (conceptually
similar to confidence intervals used in the frequentist approach)
were used to summarize findings. Consistency between direct and
indirect evidence were formally assessed using back-calculation
and node splitting techniques. Model diagnostics included trace
plots and the Brooks-Gelman-Rubin statistic (Ntzoufras 2008;
Spiegelhalter 2003) to assess and ensure model convergence. Two
chains were fitted in WinBUGS for each analysis, each usually
employing = 20,000 iterations, with a burn-in of = 20,000 iterations.

Methods for the frequentist general linear mixed model

We also conducted generalized linear mixed models (GLMM) as
part of the network meta-analysis for outcomes pre-specified in
the PICO statement. We analyzed the outcome that follows a
binomial distribution using a mixed log-binomial model with the
logit link function to generate the OR estimates. We analyzed
the outcome that follows a Poisson distribution using a mixed
Poisson regression model. Again, three general models were
considered when including dose. We conducted the random-effects
GLMM model. We considered two random-effects in the model.
The random-effects trial accounts for the response variables of
patients within a given trial being correlated. The random-effects
trial* treatment accounts for the correlation of responses between
any two patients from the same treatment arm within a given
study. However, the inclusion of the random-effects trial* treatment
depends on the composition of the data. In cases where the
number of observations was lower than the number of model
parameters to be estimated, then the model cannot sustain the
inclusion of the trial* treatment random-effects, and it is therefore,
excluded from the model. The GLIMMIX procedure in SAS/STAT (SAS
Institute Inc., Cary, NC, USA) was used for generalized linear mixed
model network meta-analyses. We used point estimates and 95%
confidence intervals to summarize findings. We evaluated model
diagnostics evaluated using the diagnostic plots (e.g. residual plots)
to assess and ensure model convergence.

We evaluated heterogeneity for the indirect comparison analyses
using tau-squared, which examines heterogeneity because of study
and study* drug interaction (smaller values indicate a better
model). There is no specific range for this measure.

Value of Information Analyses

We performed value of information analyses to evaluate the
precision of the estimate and whether the data on which
our analyses were based had enough information for us to
draw conclusions. This was based on an adaptation of classical
monitoring boundaries for use in cumulative meta-analysis as
guidelines for deciding when accumulating evidence is statistically
significant and clinically relevant (Guyatt 2011). To inform this
decision, we calculated the number of patients required for
an adequately powered individual trial (termed the ‘“optimal
information size” [OIS]) (Pogue 1997).

Subgroup analyses, planned comparisons

The main analyses were of nine biologics compared with placebo
and with each other.

The planned subgroup analyses were the following, if data were
available:

1. TNF inhibitors versus nonTNF-inhibitors.

2. Medications targeting TNF receptor (etanercept) versus
monoclonal antibodies against TNF (adalimumab, certolizumab
pegol, golimumab, infliximab) versus other (tocilizumab,
rituximab, abatacept).

3. Duration of randomized blinded study: < six months, six to 12
months, > 12 months.

4. Concomitant methotrexate or other disease modifying anti-
rheumatic drug (DMARD) use versus no concomitant therapy
versus 'other' therapy. The ‘other’ types of concomitant
medication included DMARDs, steroids or non-steroidal anti-
inflammatory drugs (NSAIDs), and chemotherapy.

5. Analysis by drug dose (different doses have been approved for
different conditions).

6. Ethnicity.
7. Gender.
8. Age <65 years versus > 65 years.

In response to peer reviewer comments, we undertook a post hoc
analysis stratifying by disease condition (ankylosing spondylitis,
cancer, IBD, psoriatic arthritis, psoriasis, RA, and other) to assess
our underlying assumption that it is appropriate to pool results
across all disease conditions.

Presentation of key results

The main results of the review are presented in the 'Summary
of findings' (SoF) tables, as recommended by The Cochrane
Collaboration (Schiinemann 2008a). The SoF table includes an
overall grading of the evidence related to each of the main
outcomes, using the GRADE approach (Schiinemann 2008b). The
control event rates used in the calculation of absolute risks were:
118 per 1000 for SAEs; 724 per 1000 for total AEs; 98 per 1000
for withdrawals due to AEs; 26 per 1000 for serious infections;
four per 10,000 for tuberculosis reactivation; nine per 10,000 for
lymphoma; and eight per 1000 for congestive heart failure. These
control event rates were calculated based on the number of events
in the included studies.

This amendment focuses on the analyses related to major
outcomes, SAEs, AEs, withdrawals due to AEs and serious
infections. We did not amend the analyses for congestive heart
failure, lymphoma, and TB reactivation, which will be done in the
future.

RESULTS

Aflow diagram describes the results of the electronic search (Figure
1).
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Figure 1. Flow diagram.
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Description of included reviews

We included a total of 160 RCTs with 48,676 participants and 46
OLEs with 11,954 participants in this review. Four CCTs were found
and analyzed with the RCT data. The median duration of the RCTs
was six months and the majority of the RCTs assessed etanercept
or infliximab in people with RA or cancer. Table 2 provides further
details on the characteristics of the included studies.

Concordance of assessment of included studies

There were 10 review groups each providing two review
authors. The articles were randomly distributed to the review
groups and the articles within a review group were assessed
independently by each of the two review authors and consensus
was obtained. To evaluate agreement across the 10 review groups,
two articles were assessed by each of the groups who were unaware
that these two articles were being assessed across the groups
for quality assurance purposes. The results of this assessment
indicated a high degree of agreement with the safety data being
extracted, with concordance; the kappa exceeded 0.9 and the only
area of discrepancy concerned the assessment of the risk of bias.

Methodological quality of included reviews

We presented summaries of the methodological quality of the
included studies for each of the domains we assessed. Results are
presented separately for RCTs and OLEs. Details on the judgement
for each included study and the reason for that judgement
are available at the following website: Cochrane Musculoskeletal
Group website.

Randomized controlled trials

Allocation sequence: 45 of 160 RCTs (28.1%) reported adequate
methods for allocation sequence and were judged to be at low
risk of bias. One hundred and twelve RCTs (70 %) did not provide
enough information to assess allocation sequence and the risk of
bias was judged to be unclear for these studies. Three of the RCTs
(1.9%), reported inadequate methods for allocation concealment
including biased coin assignment (Menter 2007), simple block
randomization (Pavelka 2009), and sequential allocation (Cassano
2006). These three studies were judged to be at high risk of bias for
allocation sequence.

Allocation concealment: 60 of 160 RCTs (37.5%) reported
adequate methods for allocation concealment and were judged to
be at low risk of bias. Ninety-six RCTs (60%), did not provide enough
information to assess allocation concealment and the risk of bias
was judged to be unclear for these studies. Four studies (2.5%)
were judged to be at high risk of bias for allocation concealment.
Three of these RCTs were open-label studies ( Buske 2009; Eve
2009; Hiddemann 2005) and one study used sequential allocation
to assign patients to treatment (Cassano 2006).

Blinding of personnel: 65 of 160 RCTs (40.6%) reported adequate
methods for blinding personnel to treatment allocation. Seventy-
eight RCTs (48.8%) did not provide enough information to assess
the blinding of personnel and the risk of bias was judged to be
unclear for these studies. Seventeen studies (10.6%) were judged
to be at high risk of bias for blinding of personnel. Nine of these
RCTs were open-label studies (Buske 2009; Coiffier 1998; Eve 2009;
Forstpointner 2002; Forstpointner 2004; Herold 2007; Hiddemann
2005; Ortonne 2008; Salles 2007;), no blinding was reported in one

study (Hainsworth 2005), unmasking or unblinding was reported
in four studies (Genovese 2002a; Kavanaugh 2000; Pavelka 2009;
Pfreundschuh 2006). Patients and doctors were aware of treatment
allocation in the Van Vollenhoven 2009 study. In the Schrieber 2005
study the treatment and placebo looked different. In the Van der
Bijl 2009 study, injections were given by a non-blinded independent
investigator.

Blinding of participants: 75 of 160 RCTs (46.9%) reported adequate
methods for blinding participants to treatment allocation. Sixty-
nine RCTs (43.1%) did not provide enough information to assess
the blinding of participants and the risk of bias was judged to be
unclear for these studies. Sixteen studies (10%) were judged to
be at high risk of bias for blinding of participants. Nine of these
RCTs were open-label studies (Buske 2009; Coiffier 1998; Eve 2009;
Forstpointner 2002; Forstpointner 2004; Herold 2007; Hiddemann
2005; Ortonne 2008; Salles 2007); no blinding was reported in one
study (Hainsworth 2005), unmasking or unblinding was reported in
two studies (Genovese 2002a; Pfreundschuh 2006). Patients were
aware of treatment allocation in three studies (Cassano 2006; Durez
2007; Van Vollenhoven 2009). In the Schrieber 2005 study the
treatment and placebo were of a different color and viscosity.

Blinding of outcome assessors: 61 of 160 RCTs (38.1%) reported
adequate methods for blinding outcome assessors to treatment
allocation. Ninety RCTs (56.3%) did not provide enough information
to assess the blinding of outcome assessors and the risk of bias was
judged to be unclear for these studies. Nine studies (5.6%) were
judged to be at high risk of bias for blinding of outcome assessors.
Six of these RCTs were open-label studies (Coiffier 1998; Eve 2009;
Forstpointner 2004; Herold 2007; Hiddemann 2005; Ortonne 2008),
no blinding was reported in one study (Hainsworth 2005), and
unmasking or unblinding was reported in two studies (Genovese
2002a; Pfreundschuh 2006).

Incomplete outcome data: the majority of included studies (115 of
160; 71.9%) were judged to be at a low risk of bias. In these trials,
missing outcome data were less than 20% and balanced in numbers
across intervention groups with similar reasons for missing data
across groups. Analysis was either by intention-to-treat or safety
analysis, including all patients receiving at least one dose of study
drug. In 25 trials (15.6%), the flow of patients was not fully reported
or more than 20% of patients dropped out, indicating a high risk of
bias. In the remaining 20 studies (12.5%), insufficient information
about the flow of data within studies was reported so that it was
uncertain whether or not the handling of incomplete data was
appropriate. We judged risk of bias for these trials to be unclear.

Selective outcome reporting: the majority of included studies
(102 of 160; 63.8%) were judged to be at low risk of bias. The study
protocols were not available but the published reports included
all expected outcomes including important side effects and those
outcomes that were pre-specified in the methods section. In 21
trials (13.1%), risk of bias was judged to be high. In these trials, the
majority of adverse events were not reported or it was impossible
to assign them to the comparison groups. In 37 trials (23.1%), there
was insufficient information on adverse events to judge whether
selective reporting occurred.

Major baseline imbalance: most included studies (137 of 160;
85.6%) were judged to be at low risk of bias. The demographic and
baseline characteristics of the study populations were generally
similar and appeared to be balanced for all treatment groups. In
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eight studies (5%), unequally distributed demographic or baseline
characteristics were reported, indicating a high risk of bias. For 15
studies (9.4%), no baseline measures were reported or insufficient
information was given to make a judgement.

Serious adverse event definitions: in the majority of included
studies (106 of 160; 66.2%), insufficient information on serious AEs
definition was given and we judged the risk of bias to be unclear. In
the remaining 54 trials (33.8%), a serious AE definition was provided
and risk of bias was judged to be low.

Method of adverse event monitoring: most included trials (105 of
160; 65.6%) reported that AEs were actively monitored. The risk of
bias was therefore judged to be low. In 49 trials (30.6%), insufficient
information about the method of AE monitoring was reported so
thatitwas uncertain whether or not adverse events were monitored
appropriately. Risk of bias was judged to be unclear in these
studies. In the remaining six trials (3.8%), AEs were reported as they
occurred indicating a high risk of bias.

Open-label extension studies (OLEs)

Allocation sequence: all 46 OLEs were judged to be at high risk
of bias for allocation sequence because there was no random
assignment to the open-label treatment groups.

Allocation concealment: all 46 OLEs were judged to be at high risk
of bias because there was no allocation concealment with respect
to assignment to the open-label treatment groups.

Blinding of personnel: personnel were not blinded to treatment
allocation in the 46 OLEs. These studies were judged to be at high
risk of bias for blinding of personnel.

Blinding of participants: patients were not blinded to treatment
allocation in 44 of 46 OLEs. These studies were judged to be at
high risk of bias for blinding of participants. Gordon 2006b reported
that patients who relapsed began receiving blinded etanercept
treatment at the same dose they received at week 24 of the double-
blind period. Braun 2008a reported that patients remained blinded
throughout the extension phase. These two studies were judged to
be at low risk of bias for blinding of participants.

Blinding of outcome assessors: outcome assessors were not
blinded to treatment allocation in 43 of 46 OLEs. These studies
were judged to be at high risk of bias for blinding of outcome
assessors. Three studies did not provide enough information to
assess the blinding of outcome assessors and the risk of bias was
judged to be unclear for these studies (Genovese 2008b; Gordon
2006a; Mease 2009). One study was judged to be at low risk of bias
for blinding of outcomes assessors. Genovese 2002b reported that
the readers remained blinded to treatment group assignment and
chronological order.

Incomplete outcome data: just over half the studies (25/46; 54.3%)
were likely to be at high risk of attrition bias as more than 20%
of participants dropped out. Some participants who were lost to
follow-up may have had adverse events that were not included
in the analyses, which could underestimate the adverse effect
estimates. In 18 studies (39.1%), the majority of participants (80%
or more) contributed outcome data and thus we judged these
studies to be at low risk of attrition bias. In the remaining three
studies (6.5%) the number of participants who were lost to follow-

up was not reported, thus we were unclear if these studies were at
risk of attrition bias.

Selective outcome reporting: we judged over half of the included
studies (25 of 46; 54.3%) to be at low risk of selective reporting
bias. We did not check if study protocols were available but judged
published reports to be at low risk of this type of reporting bias if
they reported all expected outcomes, including important AEs and
those outcomes pre-specified in the methods section. Ten (21.7%)
of 46 studies were likely to be at high risk of selective reporting bias
because these studies either did not specify in the methods that
they intended to report AEs or specified that only AEs that occurred
in more than one participant were reported (for example Braun
2003). In 11 studies (23.9%) there was insufficient information on
the types of adverse events to judge whether selective reporting
occurred or adverse events that are usually associated with the
drug were not addressed.

Serious adverse event definitions: the majority of studies (29 of
46; 63%) did not clearly define ‘serious adverse events’, thus we
were unclear on the risk of bias for this domain in those studies.
In the remaining 17 studies (36.9%) the authors defined which
adverse events were ‘serious adverse events’ and thus we judged
these as having a low risk of bias.

Method of adverse event monitoring: we judged most studies (27
of 46; 58.6%) to be at low risk of missing important adverse effect
as they reported active monitoring of AEs during follow-up. Four
studies (8.7%) had a high risk of bias as they either reported AEs
only as they occurred (Dijkmans 2009; Furst 2007; Haibel 2008) or,
in one study, did not collect reports of non-serious adverse events
for all of the open-label extension period of the study (Genovese
2005b). The remaining 15 studies (32.6%) reported insufficient
information to judge if AEs were monitored appropriately or not.

Effect of interventions

We analyzed only the major outcomes of interest that were pre-
specified in our protocol as major outcomes and those presented
in the 'Summary of findings' table (that is, the seven outcomes
as recommended in Chapter 11 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011). Minor outcomes
were not analyzed in the Cochrane overview, since there were
fewer studies providing data for these outcomes and the number of
events was too low to allow meaningful comparisons. For example,
data for allergic reaction was provided in 38 out of 160 RCTs,
neurological adverse events in 31 RCTs, and fungal infections in
12. Only 25 patients in the biologic group versus 23 patients in the
control group had fungal infections.

A summary of the risk estimates for each major outcome and the
grading of the evidence are provided in Table 3 (overall biologics)
and Table 4 (individual biologics).

Results from randomized controlled trials

The majority of included RCTs were of short duration with the
median length being six months. Thus, all the results below should
be interpreted as applying to a fairly short time frame (that is a few
weeks to a few months).

The number of events for each of the four outcomes (SAEs, AEs,
withdrawals due to AEs and serious infections) are shown in Table 5.
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Using the standard dose model with the Bayesian mixed treatment P = 0.00013) (Table 3; Figure 2), withdrawals due to AEs (OR 1.47,

comparison approach, compared to control the biologicsasagroup ~ 95% CI 1.20 to 1.86; P = 0.012) (Table 3; Figure 3), serious infections

were associated with a statistically significant higher rate of total (OR 1.37,95% CI 1.04 to 1.82; P =0.015) (Table 3; Figure 4), and an

AEs (odds ratio (OR) 1.28, 95% credible interval (Cl) 1.09 to 1.50; increased risk of TB reactivation (OR 4.68,95% Cl 1.18 to 18.60; P =
0.028) (Table 3).

Figure 2. Forest plot of network meta-analysis: total adverse events
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Figure 3. Forest plot of network meta-analysis: withdrawals due to adverse events
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Figure 4. Forest plot of network meta-analysis: serious infections
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The rate of serious adverse events (OR 1.09,95% CI 0.97 to 1.24; P =
0.20) (Table 3; Figure 5), lymphoma (OR 0.53,95% C1 0.17 to 1.66; P =
0.27) (Table 3), and congestive heart failure (OR 0.69, 95% CI 0.18 to

2.69; P =0.60) (Table 3) were not statistically significantly different
between biologics and control treatment.
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Figure 5. Forest plot of network meta-analysis: serious adverse events
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The results of standard meta-analyses were similar to those
from the Bayesian models described above (Table 6; Figure 6) In
particular, the odds ratio estimates were very similar.
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Figure 6. Forest plots of standard meta-analyses
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Individual safety of the nine biologics compared to control
treatment

The statistical models for the network meta-analysis did not
converge when modeling each of the biologics, in particular for
TB reactivation, congestive heart failure, and lymphoma. This was
due to a low number of events. Thus for these estimates we were
unable to provide estimates for each individual biologic. Details on
the overall incidence estimates are provided in Table 5.

Serious adverse events (Table 7; Figure 5):comparing individual
biologics to control, only one biologic was statistically significantly
different from controlin terms of the number of SAEs. Certolizumab
pegol was associated with a higher odds of SAEs (OR 1.57, 95% Cl
1.06 to 2.32). In sensitivity analyses, the OR for certolizumab pegol
was statistically significant in the unadjusted model (OR 1.66, 95%
Cl11.08t02.59), but not statistically significant in the model that was
adjusted for dose (OR 1.57; 95% Cl 0.96 to 2.57) (Appendix 4).

Total adverse events (Table 8; Figure 2): as illustrated in the forest
plot, infliximab was associated with statistically significantly higher
odds of total AEs compared with control treatment (OR 1.55, 95% Cl
1.01 to 2.35). None of other biologics were statistically significantly
different from control groups regarding total AEs, with odds ratios
ranging from 1.03 to 1.54. In sensitivity analyses, infliximab was
associated with significantly higher odds of total AEs compared
with controlin the unadjusted model (OR 1.54,95% CI 1.17 to 2.03);
differences showed a trend, but were not significant in the dose-
adjusted model (OR 1.45,95% CI 0.98 to 2.11) (Appendix 5).

Withdrawals due to adverse events (Table 9; Figure 3): infliximab
was associated with a statistically significantly increased odds of
withdrawal due to AES compared with control (OR 2.34, 95% ClI
1.40 to 4.14). None of other biologics were statistically significantly
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different from control groups regarding withdrawals due to adverse
events, with odds ratios ranging from 1.17 to 2.74. In sensitivity
analyses, infliximab was associated with statistically significantly
higher odds of withdrawal due to adverse events compared to
controlin both the unadjusted (OR2.32,95% Cl 1.63 to 3.37) and the
dose-adjusted model (OR 2.29, 95% Cl 1.45 to 3.73) (Appendix 6).

Serious infections (Table 10; Figure 4): in comparing the individual
biologics to control, two biologics had statistically significantly
higher odds of association with serious infections compared with
control treatment - certolizumab pegol (OR 4.75, 95% CI 1.52 to
18.45) and anakinra (OR, 4.05, 95% CI 1.22 to 16.84). Although none
of the results for the other biologics reached statistical significance,
rituximab was associated with the lowest numerical odds for
serious infections compared with control treatment (OR 0.26, 95%
Cl 0.03 to 2.16). In sensitivity analyses, the ORs for certolizumab
pegol and anakinra were statistically significant in the unadjusted
models (OR 4.65, 95% Cl 1.61 to 16.22; and OR 3.96, 95% Cl 1.27 to
15.75, respectively), as well as the dose-adjusted models (OR 4.67,
95% Cl 1.58t0 16.15; and OR 4.03,95% Cl 1.29 to 16.22, respectively)
(Appendix 7). As an example of robustness of our findings using
several other statistical approaches (five more approaches) and
performing sensitivity analyses, we found that OR for certolizumab
pegol ranged between 4.12 and 4.81, a statistically significant result
in each instance (Appendix 8).

Safety of individual biologics compared to each other: indirect
comparisons

In order to examine the comparative effectiveness of one
biologic against another, as pre-specified in the protocol, we also
considered pairwise indirect comparisons across the network in
cases where the statistical model converged (that is, where the
model allowed us to output inferential statistics). The models
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did not converge for congestive heart failure, lymphoma, and TB
reactivation outcomes. The primary analyses for these models was
the standard dose model, for which results were presented in detail
as below; sensitivity analyses were performed using the unadjusted
model and dose-adjusted model (presented in the tables, but not
discussed in detail).

Serious adverse events (Table 11): Certolizumab pegol was
statistically significantly more likely to be associated with SAEs
compared to adalimumab (OR 1.63, 95% Cl 1.01 to 2.62). Abatacept
was statistically significantly less likely to be associated with
SAEs compared to certolizumab (OR 0.56, 95% Cl 0.33 to 0.94).
In sensitivity analyses in unadjusted model, neither differences
were significant. Golimumab was statistically significantly less
likely to be associated with SAEs compared to adalimumab (OR
1.18, 95% CI 1.10 to 3.14) (Appendix 9). There were no other
statistically significant differences between the biologics in both
the unadjusted model and dose-adjusted model (Appendix 9).

Total adverse events (Table 12): There were no statistically
significant differences between any biologics for total AEs in
indirect comparisons with each other in any of the models
(Appendix 10).

Withdrawals due to adverse events (Table 13): There were
no statistically significant differences between any biologics for
withdrawals due to adverse events in indirect comparisons with
each other. In sensitivity analyses in unadjusted model, infliximab
was more likely to be associated with withdrawals due to
AEs compared with abatacept (OR 1.92, 95% Cl 1.01 to 3.71),
adalimumab (OR2.00,95% CI 1.17 to 3.49), and etanercept (OR 1.72,
95% Cl1.02t02.91). Rituximab was also more likely to be associated
withwithdrawals due to AEsthan adalimumab (OR2.17,95% CI 1.04
to 4.74) (Appendix 11).

Serious infections (Table 14): Certolizumab pegol was associated
with higher odds of serious infections than abatacept, adalimumab,
etanercept, golimumab and rituximab. The odds ratio were roughly
0.25-times or lower for each of the five biologic compared
with certolizumab, in the indirect comparisons (Table 14). These
differences persisted in sensitivity analyses in the unadjusted
model and dose-adjusted models for each of the five biologics
versus certolizumab, with one minor exception of certolizumab
versus golimumab, where the confidence interval crossed one (OR
0.28, 95% CI 0.07 to 1.01) in unadjusted dose model (Appendix
12). Anakinra was associated with a statistically significantly higher
odds of serious infections compared with rituximab (Table 14).

A priori specified stratified meta-analyses

These analyses were performed using the frequentist network
meta-analyses. The results of the six pre-specified subgroup
analyses (by individual biologic; TNF inhibitor or not; TNF antibody
or TNF receptor inhibitor or other class; trial duration (short,
intermediate or long duration); concomitant medication (MTX +
other DMARD, MTX, other DMARD, none); and disease condition
(ankylosing spondylitis, cancer, IBD, psoriasis, psoriatic arthritis,
RA, other conditions) are shown in Table 15 [Note: these analyses
were not adjusted for drug dose]. Only significant differences are
noted in the text below.

Serious adverse events (Table 15): There were no statistically
significant differences by individual biologic (P = 0.3126). No

statistically significant differences were noted according to whether
the biologic was a TNF inhibitor or not, a TNF antibody or TNF
receptor inhibitor or other class of biologic. Statistically significant
differences were noted with lower odds of SAEs with trial duration
longer than 12 months (P < 0.0001). We also noted no statistically
significant differences by the type of concomitant medication.
When stratified by disease condition, no disease condition was
associated with a statistically significant higher risk of SAEs.
Overall, there was no statistically significant effect of biologics as a
group compared with control groups.

Total adverse events (Table 15): Statistically significant differences
were noted for each subgroup comparison. There were statistically
significant differences by each biologic (P =0.0216), with etanercept
and infliximab being statistically significantly different than
control. We also noted statistically significant differences based on
whether the biologic was TNF inhibitor or not (P = 0.0021), the
biologic was a TNF antibody or TNF receptor inhibitor or other
class of biologic (P =0.0097), trial duration (P <0.001), concomitant
medication P = 0.0723) and by disease condition (P = 0.0166).
When stratified by disease condition, patients with ankylosing
spondylitis and psoriasis had a statistically significant higher risk of
serious adverse events, while those with other conditions had non-
significant differences. Overall, there was a statistically significant
effect of biologics as a group compared to control groups (P =
0.0006).

Withdrawals due to adverse effects (Table 15): Significant
differences were noted in all six subgroup comparisons. Significant
differences were noted by biologic (P = 0.0006), since infliximab
was associated with significantly higher odds, while other biologics
were not. While both TNF inhibitors and non-TNF inhibitors were
associated with significantly higher odds, they differed from each
other significantly (P < 0.0001). Significant differences were also
noted according to whether the biologic was a TNF antibody or
TNF receptor inhibitor or other class of biologic (P < 0.0001), trial
duration (P < 0.0001), the type of concomitant medication (P =
0.0004) and by the disease condition (P < 0.001). When stratified
by concomitant medication, patients receiving other non-MTX
DMARDs as concomitant medications had a statistically significant
higher risk of withdrawals due to adverse events, while the MTX
group and those that received no concomitant medications had no
significant differences compared with the control group. Overall,
there was a statistically significant effect of biologics as a group
compared to control groups (P <0.0001).

Serious infections (Table 15): Statistically significant differences
were noted in all six subgroup comparisons. Statistically significant
differences were noted by individual biologic (P = 0.0003)
since certolizumab pegol and infliximab were associated with
significantly higher odds, while other biologics were not. While
both TNF inhibitors and non-TNF inhibitors were associated with
statistically significantly higher odds, they differed from each
other statistically significantly (P = 0.0002). Statistically significant
differences were also noted according to whether the biologic was
a TNF antibody or TNF receptor inhibitor or other class of biologic
(P = 0.0004), trial duration (P < 0.0001), the type of concomitant
medication (P = 0.0176) and by the disease condition (P = 0.0001).
In particular, biologics in patients with RAwere associated with
statistically significantly higher risk of serious infections compared
with controls, whereas odds in other disease conditions did not
differ statistically significantly from controls. Overall, there was a
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statistically significant effect of biologics as a group compared with
control groups (P =0.0003).

Sensitivity analyses: Only four RCTs were judged to be at high
risk of bias of allocation concealment while the majority (61%)
were marked as unclear given the lack of details on concealment
of allocation in the trial reports. Although we did not undertake
a stratified analyses by risk of bias of allocation concealment, we
expect that the effect estimate would not change dramatically
by only taking out the four studies at high risk of allocation
concealment bias. In those trials that were pivotal studies used
for FDA or European Agency approval, allocation concealment was
required in their protocols so although itis troubling that the details
were not recorded in the trial report publications this may not be a
major bias.

We did not have enough data for the models to run with the
stratified analysis for congestive heart failure, lymphoma, and TB
reactivation outcomes. The model could not run for a stratified
analysis by trial duration for SAEs and by disease for serious
infections, respectively.

Heterogeneity: Inconsistency of the results of the network meta-
analysis was assessed, as described in the methods section. We
found no evidence of inconsistency for all of the outcomes with the
exception of ‘withdrawals due to adverse events’, and the source of
heterogeneity could not be clearly identified.

‘Optimal Information Size’’ (0IS)
Serious adverse events: certolizumab pegol versus control

In calculating the OIS, we used empirical data from Table 4. For
a comparison of two independent binomial proportions using
Pearson's Chi2 statistic with a Chi2 approximation with a two-sided
significance level of 0.05, a sample size 1,246 patients in total
achieves a power of at least 0.8 when the proportions are 0.174
and 0.118. Thus, the calculated OIS was substantially lower than
the total sample size included (1,246 versus 2,421 patients). As this
meta-analysis, meets the OIS criteria, there is no reason to rate
down for imprecision.

Serious infections: certolizumab pegol versus control

In calculating the OIS, we used empirical data from Table 4. For
a comparison of two independent binomial proportions using
Pearson's Chi2 statistic with a Chi2 approximation with a two-sided
significance level of 0.05, a sample size of 266 patients in total
achieves a power of at least 0.8 when the proportions are 0.113 and
0.026. Thus, the calculated OIS was substantially lower than the
total sample size included (266 versus 1,683 patients). As this meta-
analysis, meets the OIS criteria, there is no reason to rate down for
imprecision.

Withdrawals due to adverse events: infliximab versus control

In calculating the OIS, we used empirical data from Table 4. For
a comparison of two independent binomial proportions using
Pearson's Chi2 statistic with a Chi2 approximation with a two-sided
significance level of 0.05, a sample size of 362 patients in total
achieves a power of at least 0.8 when the proportions are 0.203 and
0.098. Thus, the calculated OIS was substantially lower than the
total sample size included (362 versus 2,973 patients). As this meta-
analysis, meets the OIS criteria, there is no reason to rate down for
imprecision.

Results from extension studies of randomized trials

We analyzed the open-label extensions (OLEs) of randomized
trials. Data from 59 study arms were available. These included
11,954 patients with 325,904 person-months of observation (Table
16). Serious adverse events were reported in 9% to 54% of patients
receiving biologics. Serious infections were noted in 1% to 18%.
TB reactivation was reported in 0% to 0.6%. Lymphoproliferative
cancer was reported in 0% to 0.4%, and congestive heart failure in
0.1% to 0.7% of patients.

DISCUSSION

Summary of main results

This review of the safety of nine biologics commonly used to
treat rheumatoid arthritis (RA) and other conditions included
160 randomized controlled trials with 48,676 participants that
investigated the efficacy and safety of these drugs across a
variety of conditions including RA. The majority of studies were
of fairly short duration, with the median RCT duration being
six months (range, one to 63 months), so the results should
be considered with this time frame in mind. We combined data
across diseases according to the premise that the adverse event
profile of biologics would be similar irrespective of the condition
being treated. We found that compared with control treatments,
biologics were associated with statistically significantly higher
rates of total adverse events, withdrawals due to adverse events,
serious infections and tuberculosis (TB) reactivation. In most
studies, serious infections included opportunistic infections in
addition to bacterial and other infections. Specifically, infliximab
was associated with a statistically significantly higher rate of total
adverse events and withdrawals due to adverse events compared
with control treatment. Certolizumab pegol and anakinra were
associated with a statistically significantly higher risk of serious
infections compared with control treatment. Certolizumab pegol
was associated with a significantly higher risk of serious adverse
events compared with control treatment. Since models did not
converge for TB reactivation, lymphoma and congestive heart
failure, comparative risk estimates of each biologic compared with
control could not be calculated.

The open-label data provided estimates on rare adverse
events related to biologics, such as serious infections and TB
reactivation. The open-label data provides important safety data by
providing a longer duration of follow-up and larger sample size in
many cases thus complimenting data from clinical registries. The
latter have been extremely helpful in providing safety data. The
open-label extension studies included in this review ranged from
three to 60 months duration, with the median being 13 months.
However, this time frame may still be too short to address serious
but rare adverse events and long-term adverse events such as
cancer. The estimates from the open-label phases of clinical trials
may be lower than those noted from registry studies since the
populations recruited in clinical trials tend to be healthier than
the general population due to strict inclusion criteria. Patients
recruited in trials of each biologic may differ from each other, which
may partially explain the differences in rates of certain adverse
events.

Indirect comparisons revealed that the biologics differed from
each other with respect to the odds of serious infections
and serious adverse events. Certolizumab pegol was associated
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with statistically significantly higher odds of serious infections
compared with abatacept, adalimumab, etanercept, golimumab
and rituximab. Anakinra was associated with statistically
significantly higher odds of serious infections compared with
rituximab. Certolizumab pegol was associated with statistically
significantly higher odds of serious adverse events compared with
abatacept and adalimumab. No significant differences were noted
for adverse events or withdrawals due to adverse events between
biologics in indirect comparisons.

Stratified meta-analyses based on a priori subgroups revealed
interesting findings. Compared with control, serious infections,
total adverse events, and withdrawals due to adverse
events differed statistically significantly by the individual
biologic. Compared with control, TNF inhibitors and non-TNF
biologics differed statistically significantly with respect to serious
infections and total adverse events with odds numerically slightly
higher for TNF inhibitors, and in withdrawals due to adverse
events with odds slightly higher for non-TNF biologics. In shorter
trials (< six months), biologics were associated with statistically
significantly higher odds of serious infections, total adverse events
and withdrawals due to adverse events compared with controls.
Data were insufficient for congestive heart failure, lymphoma, and
TB reactivation. Type of concomitant medication was associated
with statistically significant differences for serious infections, total
adverse events and withdrawals due to adverse events. When
stratified by disease, we found that there were some differences in
the risk of these outcomes across different diseases, with the most
consistent finding being that ankylosing spondylitis and psoriasis
were associated with a higher risk of total adverse events, and
RA with a higher risk of serious infections. It is not clear from our
analysis why this may be although in view of the multiple analyses
performed this finding should be interpreted with caution. It is
unclear how these differences in risk across the different conditions
may affect our pre-specified decision to pool data across different
conditions.

The US FDA’s black box warning regarding increased serious
infections with most biologics, except abatacept, needs to be
considered when prescribing these biologics. Similar observations
have been made by observational and registry studies. The
lack of statistically significant differences for individual biologics
compared to control and overall biologics compared to control in
our analyses likely indicates a lack of power (beta-error) due to
small numbers of patients and a short follow-up in the RCTs, as
described in the limitations section.

Overall completeness and applicability of evidence

Our published protocol described our plan to analyze a series of
major and minor outcomes. We analyzed all seven major outcomes
and all other analyses related to them, as pre-specified. All eligible
RCTs and open-label extensions up to March 2010 were included.
However, due to the complexity of analyses for the major outcomes
and the few studies with low numbers of events reporting this data,
we decided not to add to the complexity of this review by analyzing
the minor outcomes. This decision was made prior to embarking
upon any analyses of minor outcomes to avoid any bias in the
decision-making process.

Quality of the evidence

There were 160 RCTs with 48,676 participants included in this
analysis. In the majority of studies generation of the allocation
sequence and allocation concealment were judged to be ‘unclear’
due to lack of details provided in the study reports. Only four
RCTs were clearly at a high risk of bias for allocation concealment.
Blinding was also not clearly described in many of the included
studies; however, only 10 RCTs were clearly at a high risk of bias
as they were described as ‘open-label’. There was greater than
80% follow-up in the majority of studies and most were judged to
have a low risk of bias due to major baseline imbalances. Although
we did not search for study protocols, the majority of included
studies were judged to be at a low risk of bias for selective outcome
reporting due to the fact that important side effects were often
reported. Most included trials reported that adverse events were
actively monitored. When assessing and combining serious adverse
event data, it is important that a definition is provided for how the
trialists defined a serious adverse event (SAE); the majority of trials
in this review did not provide sufficient information on how a SAE
was defined in the study. We combined data on SAEs regardless of
the definition and whether it was provided, so caution is needed in
interpreting this outcome.

We assessed whether trials reported undertaking active monitoring
for adverse events, as a risk of bias criterion specific to adverse
effects. The majority of included RCTs were judged to be at low
risk of bias for this item, mainly because published trial reports
included a statement to the effect that they monitored for adverse
effects. However, it should be noted that this is a difficult criterion
to assess as many different monitoring techniques may have been
used, with varying reliability of the different approaches. As well,
the method of monitoring may need to be specific to the different
adverse events of interest and this would not have been captured
in our broadly defined criteria.

Although the majority of included studies were judged to be at low
risk of bias for selective outcome reporting (54%), this was based
on the judgement of the data extractors that most of the adverse
events of interest to this review (as pre-specified in our protocol)
were reported adequately. We did not have the resources to find
and review the protocols or full clinical trial reports (if either was
even available) of the 160 included studies, which would have been
the best way to assess this criterion. As well, given the problems
as described above with detecting adverse events, it is difficult to
discriminate between being sure that an event actually did not
happen and whether it happened but was not detected due to the
method of monitoring used during the trial, or if it was selectively
not reported. The judgement was made across all adverse events
included in our review rather than by specific adverse event, so we
are unable to determine if there are specific adverse events which
may be more susceptible to selective outcome reporting. Another
issue is how adverse events are defined and counted in trials. For
the most part the adverse events included in this review are fairly
straightforward to define clinically, with the exception perhaps of
CHF. The lack of reporting and consensus of the definition of SAE
were noted as potential sources of bias since 63% of included
studies did not provide a clear definition.

We included 46 extension studies with 11,954 participants. Given
the nature of extension studies, in which a highly selected group
of participants continue on from the RCT and the majority of
participants and outcome assessors are not blinded, most of these
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studies were judged to be at a high risk of bias. As well, more than
half of the studies were judged to be at a high risk of attrition bias
due to withdrawal rates greater than 20%. The majority of studies
either reported expected adverse effects or there was insufficient
information to judge whether they were at risk of selective outcome
reporting. As with RCTs, serious adverse events were not clearly
defined in most studies but the majority reported some type of
active monitoring for adverse events.

For the overall results of biologics as a group versus placebo for
the major outcomes of serious adverse events, serious infections,
total adverse events, and withdrawals due to adverse events, our
confidencein the results was graded as 'moderate' using the GRADE
approach. Due mainly to lack of data, our confidence in the results
for TB reactivation, lymphoma, and congestive heart failure was
graded as 'low', implying that further research is likely to have an
importantimpact on the confidence in an estimated effect and may
change that estimate.

Potential biases in the overview process

Our review has limitations. Despite inclusion of a large number
of RCTs across conditions, which allowed analyses for four of our
pre-specified major outcomes (that is, serious adverse events,
serious infections, total adverse events, and withdrawals due to
adverse events), for three major outcomes (that is, TB reactivation,
lymphoma, and congestive heart failure), events were too few to
allow meaningful indirect comparisons or stratified meta-analyses.

In view of the lack of head-to-head studies of biologics, we
performed indirect comparisons cognizant of the limitations of
this approach. Use of this methodology requires assumptions
about the comparability of the included RCTs in terms of
similarity of patient characteristics and methodological quality.
However, clinicians and patients are faced with the dilemma
of choosing from among these biologics in the absence of
robust comparative data about their relative safety. While we
included trials which differed in patient populations, prior failed
therapies, concomitant use of disease modifying anti-rheumatic
drug (DMARDs), trial duration, and biologic dose, we attempted to
adjust for these differences in the analysis. We performed standard
dose models as our main analyses, tested the robustness of results
by performing sensitivity analyses with unadjusted dose and
dose-adjusted models and performed additional stratified meta-
analyses to explore differences in other important characteristics
(that is, concomitant DMARDs, trial duration). We also performed
standard meta-analysis, which also confirmed the robustness of
our findings, with minimal changes in odds ratios and no change
in interpretation of main effects of biologics compared with
control treatment. We performed additional sensitivity analyses
(five additional models) to test the robustness of our findings, with
the example of higher serious infections with certolizumab pegol
compared with control. We did not find evidence of inconsistency in
the majority of the results from our indirect comparison analyses,
however, these findings should be interpreted with caution. We
may be underpowered for several stratified meta-analyses.

For this review, we limited inclusion to RCTs and their open-label
extensions. However long-term observational studies, including
population-based registries, can provide realistic longer-term
estimates of the risks of biologics in the ‘real world’, although
they too have their limitations. These may include indication bias
and differences in healthcare setting, country of origin of study,

which may impact the choice of biologic and make generalizability
challenging. We intend to undertake a second phase of this project
which will include observational studies, to try and address the
issue of assessing rare or long-term adverse effects.

The analyses are limited by limitationsin trial designs. One example
is the use of rescue design in some studies where patients are
allowed to switch to active medication if they have not responded
in the placebo or control arm. This can impact the estimates, since
one arm has a continuous exposure to the biologic, where as in the
other arm, the exposure is first to the control treatment and then
the biologic.

We performed multiple comparisons and therefore, it is possible
that some findings may be due to chance only; however it is far
more likely that for several analyses there was a lack of power
leading to Type-II error (that is, missing a statistically significant
difference due to small sample size). Some of these issues may also
explain instances where the point estimates for risk appeared large
but did not reach statistical significance.

Another limitation of these analyses is that high drop-out rates in
some studies may influence the observable adverse event rate; this
may have a differential effect depending on whether the drop out
rate is higher in placebo versus intervention arm.

We assessed the risk of leukemia and lymphoma across all trials
and all biologics to be consistent with the overall strategy we used
to assess safety in this overview. However, we recognize that this
may be inappropriate in this case for several reasons. We combined
all trialsincluding those that assessed efficacy of rituximab to treat
lymphoproliferative disorders. As well, different biologics (e.g. TNF
inhibitors versus non TNF inhibitors) and different diseases may be
associated with different risk profiles for different malignancies. We
plan further analyses to explore these issues.

Finally, while all data were independently extracted by ten pairs
of review authors, the level of interrater agreement was found to
be high, and the data were checked for errors during the course
of writing the manuscript, we acknowledge that, due to the large
amount of data that was included in this review and the large
number of review authors, there is a possibility of chance errors.

Agreements and disagreements with other studies or
reviews

In our study that included RCTs of nine biologics used in any
disease condition (except HIV/AIDS), we found that compared
with control, only infliximab was associated with a significantly
higher risk of withdrawals due to adverse events, with no
statistically significant differences between other biologics and
control; indirect comparisons did not reveal any differences
between infliximab and other biologics in the main standard-dose
adjusted analysis. Our findings agree with and extend the findings
of a previous review that examined 13 randomized controlled
trials of at least six months duration of etanercept, infliximab, and
adalimumab for RA (Alonso-Ruiz 2008). They also reported that
infliximab and adalimumab had higher than control withdrawal
rates due to adverse events; similarly in this study we found that
infliximab was associated with higher odds of withdrawals due
to adverse events compared with control treatment. However,
indirect comparisons found no significant differences between
biologics in withdrawals due to adverse events. In our previous
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Cochrane review of RCTs, including only trials of approved doses
of six biologics for treatment of RA, we found that adalimumab,
anakinra, and infliximab were more likely than etanercept to lead to
withdrawals due to adverse events (Singh 2009a; Singh 2009b). Lee
et al reported no differences for withdrawals due to adverse events
(Lee 2008), however only three studies were included, which was
likely to lead to type-Il error. The indirect comparisons presented in
our study add to the current literature.

In two meta-analyses of nine (Bongartz 2006) and 13 RCTs (Alonso-
Ruiz 2008) of TNF biologics, which included some of the same RCTs,
infliximab was associated with twice the risk of serious adverse
events and infections as the control (Alonso-Ruiz 2008). Pooled
oddsratios forinfliximab and adalimumab were significantly higher
for serious infections (Bongartz 2006) with odds ratios ranging from
1.2 to 2.0. In contrast, Wiens et al performed a meta-analysis of
21 RCTs of standard (or their equivalent) doses of adalimumab (40
mg every two weeks), etanercept (25 mg every two weeks), and
infliximab (3 mg/kg) in RA and reported no differences between
each drug and the control for serious infections or serious adverse
events (Wiens 2010). The RCTs included in Wiens et al were not
identical to the studies included in the other two meta-analyses
mentioned above. We noted that compared with control, the odds
ratio of seriousinfections for infliximab was 1.41, similar to previous
studies, but this was not statistically significantly different from
controlin our analyses.

We found that certolizumab pegol was associated with a
statistically significantly higher risk of serious infections compared
with control. However, there was often a zero event rate in
the control group of the certolizumab pegol studies. Indirect
comparisons (that used a control event rate across all studies)
showed that certolizumab pegol was associated with significantly
higher odds of serious infections compared with abatacept,
adalimumab, etanercept, golimumab and rituximab.

Certolizumab pegol was associated with statistically significantly
higher odds of serious adverse events compared with control. In
indirect comparisons, certolizumab was more likely than abatacept
and adalimumab to be associated with serious adverse events.

Most of our findings from indirect comparisons cannot be
compared to previous studies since most previous meta-analyses,
other than those described above, have focused on efficacy
outcomes, and have been limited to a fewer studies, restricted
to a particular disease (most commonly, only RA) and were
limited to select biologics (i.e., did not include all nine available
biologics). These findings should be interpreted with caution in
light of the limitations we have described.

AUTHORS' CONCLUSIONS

Implications for practice

Several meta-analyses have been published that assessed efficacy
of biologics but few have assessed safety. Our review included

indirect comparisons of the safety of biologics and should provide
some guidance to clinicians and patients until head-to-head
comparisons become available.

Our study has several salient findings. Our findings should be
interpreted with caution, given study limitations. In short-term
RCTs (median duration six months) the overall use of biologics
was associated with a statistically significantly higher risk of
total adverse events, withdrawals due to adverse events, serious
infections and tuberculosis reactivation compared with control.

Specifically, in direct comparisons to control, infliximab was
associated with statistically significantly higher numbers of total
adverse events, and withdrawals due to adverse events compared
with control. Certolizumab pegol was associated with a statistically
significantly higher risk of serious infections and serious adverse
events compared with control treatment. Since models did
not converge for congestive heart failure, lymphoma and TB
reactivation, estimates of each biologic compared to control could
not be calculated.

Indirect comparisons revealed that although the overall numbers
are relatively small, certolizumab pegol was associated with
a statistically significantly higher odds of serious infections
compared with abatacept, adalimumab, etanercept, golimumab
and rituximab; rituximab was statistically significantly less likely
than anakinra to be associated with serious infections. No
differences were noted between biologics in indirect comparisons
for total adverse events and withdrawals due to adverse events.

Implications for research

Our network meta-analysis provides estimates regarding the
overall comparative safety of the biologics. We believe that there
is an urgent need for more research regarding the long-term
safety of biologics and comparative safety of different biologics. As
the number of biologics that are available for treatment of
these conditions increases, more options will become available to
patients and clinicians. This progress in RA therapeutics provides
more options for patients and physicians but offers even more
challenges in choosing the best treatment for a given patient. In
the absence of comparative effectiveness trials, national and
international registries and other types of large databases are the
relevant sources for providing complementary evidence regarding
the short- and longer-term safety of biologics.
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ADDITIONAL TABLES

Table 1. Details on doses used for the dose-adjusted analysis

Approved dose and range Dose used for adjustment
Etanercept 25 mg SQ twice a week 50 mg qweek
Infliximab 3-5 mg/kg Q8 weeks; may increase to 10 mg/kg 3 mg/kg q8weeks
Adalimumab 40 mg SQ Q2 weeks 40 mg q2weeks
Golimumab 50 mg SQ Q4 weeks 50 mg q4weeks
Certolizumab pegol 400 mg SQ initially, then 200-mg Qother week or 400 mg monthly 400 mg monthly
Anakinra 100 mg SQ Qday 100 mg qday
Rituximab 500 or 1000 mg -2 infusions, 2 weeks apart 500-1000 mg 2wks apart
Abatacept 500, 750 or 1000 mg Q4 weeks 500-1000 mg Q4weeks
Tocilizumab 4 mg/kg IV Q4 weeks; may increase to 8mg/kg Q8 weeks 4 mg/kg q4weeks

Table 2. Summary of characteristics of included studies

Characteristic Randomized-con- Open-label extension
trolled trials, N=160 studies, N=46
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Table 2. Summary of characteristics of included studies (continued)

Type of intervention

abatacept 7 2

adalimumab 22 10

anakinra 5 2

certolizumab pegol 6 1

etanercept 39 10

golimumab 8 1

infliximab 40*** 18

rituximab 29 1

tocilizumab 5 1

Type of condition

rheumatoid arthritis 62 18

cancer 25 0

psoriasis 14 8

IBD 12 1

ankylosing spondylitis 10 10

psoriatic arthritis 7 7

Crohn's disease 6 0

ulcerative colitis 6 0

other* 18 2

Trial duration, months mean(SD; median) 9.8 (11.5;6.0) 20.7(17.9; 13.5)
Trial duration, short <6 months, N studies 98 9

Trial duration: intermediate (6< mo. <12), N studies 27 12

Trial duration: long >12 months, N studies 35 25

Age, years mean(SD; median) 49.9 (8.2;51) 79.9 (24.2; 87.0)
% Female mean(SD; median) 58.9(20.4; 61) 57.3(24.5;61.7)
% Caucasian mean(SD; median) 85.4(17; 89.7) 79.9 (24.2; 87.0)

IBD = inflammatory bowel disease; SD = standard deviation; *other conditions for RCT include: heart failure, multiple sclerosis,
COPD, alcoholic hepatitis, diabetes, lupus, active spondylarthropathy, osteoarthritis, asthma, cardiac or renal transplantation, Sjogren's
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syndrome, polymyalgia rheumatica, autoimmune inner ear disease, giant cell arteritis, pulmonary sarcoidosis, Hepatitis C, cancer

anorexia/weight loss syndrome, Wegener's granulomatosis; other conditions for OLE = sarcoidosis, axial spondylarthritis; *** one study
(Schiff 2008) had two treatment arms (abatacept and infliximab)
Table 3. Summary of findings table 1
Biologics for any condition except HIV/AIDS: standard drug dose* and control event rate
Outcome Compari- Illustrative comparative risks  Relative effect Number of Quality NNTH (95%
son inter- participants of the ev- Cl)
vention (95% Cl) . idence
(studies) (GRADE)
Assumed Corresponding risk with in-
risk with tervention (95% Cl)
comparator
Control Biologics**
Serious ad- 118 per 127 per 1000 (115 to 142) OR1.09(0.97 to 21,152 SDDO Not statistical-
verse events 1000 1.24) ly significant
(76 studies) moderatel
Total adverse 724 per 770 per 1000 (741 to 797) OR1.28(1.09 to 14,959 SBOD 22 (14 to 60)
events 1000 1.50)
(48 studies) high
Withdrawals 98 per 1000 137 per 1000 (115 to 168) OR1.47(1.20to 22,636 BODO 26 (15to 58)
due to ad- 1.86) )
verse events (83 studies) moderatel
Seriousinfec- 26 per 1000 35 per 1000 (27 to 46) OR1.37(1.04to 21,853 DDDO 108 (50 to 989)
tions 1.82)
(70 studies) moderatel
Tuberculosis 4 per 20 per 10,000 OR4.68(1.18to 30,671 PO 681 (143 to
10,000 18.60) low4 14706)
reactivation (71 studies)
Lymphoma 9 per 10000 1 per 1000 OR0.53(0.17 to 21,260 PO Not statistical-
1.66) low4 ly significant
(52 studies)
Congestive 8 per 1000 6 per 1000 OR0.69 (0.18 to 8847 B®DOO Not statistical-
heart failure 2.69) low4 ly significant
(1to21) (24 studies)

*=standard drug dose was used for serious adverse events, total adverse events, withdrawals due to adverse events and serious infectiosn
only. All doses were combined for tuberculosis reactivation, lymphoma and congestive heart failure because of very limited data.

**=all nine biologics as a group

95% Cl =95% confidence interval or 95% credible interval; NNTH = Number needed to treat for harm; OR = odds ratio

Control event rates based on the number of events in the included studies.

1The 95% credible interval around the pooled effect includes both no effect and appreciable benefit or harm.

2 Qut of 19 studies, two studies (Buske 2009; Eve 2009) had inadequate allocation concealment; four studies (Eve 2009; Forstpointner 2004;
Hainsworth 2005; Herold 2007) reported no blinding of personnel, participants and outcome assessors; two studies (Buske 2009; Salles
2007) reported no blinding of personnel and participants only.

3 Out of 15 studies, two (Buske 2009; Hiddemann 2005) had inadequate allocation concealment; four studies (Coiffier 1998; Forspointner
2004; Hainsworth 2005; Hiddemann 2005) reported no blinding of personnel, participants and outcome assessors; two studies
(Forstpointner 2002; Salles 2007) reported no blinding of personel and participants only.

4Very few events.

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review) 46
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



“p¥7 ‘suos 13 A31IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) ay1 9107 @ 3y3uAdod

(M3InaY) MBIAIBN0 BURIYI0) pue SISA|eu.-BI3W YI0MIBU € :5150]01q JO S}IDYD ISIIAPY

Ly

Table 4. Summary of findings table 2

Biologics for any condition except HIV/AIDS: standard drug dose* and control event rate

Intervention Comparison Illustrative comparative risks Relative effect Number of partic-  Quality of NNTH (95% Cl)
intervention ipants the evidence
Assumedrisk  Corresponding risk with ~ (95% C1) . (GRADE)
with com- intervention (95% CI) (studies)
parator
Control Biologic
Serious adverse events
Abatacept control 118 per 1000 116 per 1000 (76 to 144)  OR0.89 (0.61 to 1.26) 2052 ©ODD Not statistically significant
(5 studies) high
Adalimumab control 118 per 1000 114 per 1000 (90to 145)  OR0.96 (0.74 to 1.27) 4662 ©ODO Not statistically significant
(15 studies) moderatel
Anakinra control 118 per 1000 122 per 1000 (82 to 180) OR 1.04 (0.67 to 1.64) 1900 Tl Not statistically significant
(3 studies) high
Certolizumab control 118 per 1000 174 per 1000 (124 t0 237) OR1.57 (1.06 to 2.32) 2421 O000 18 (9 to 162)
pegol
(6 studies) moderatel
Etanercept control 118 per 1000 142 per 1000 (111 to 184) OR1.24(0.93 to 1.69) 3931 ODDO Not statistically significant
(21 studies) moderatel
Golimumab control 118 per 1000 123 per 1000 (82 to 184) OR 1.05 (0.67 to 1.69) 1564 DODO Not statistically significant
(8 studies) moderatel
Infliximab control 118 per 1000 133 per 1000 (102to 174) OR1.15(0.85to 1.57) 3403 DO Not statistically significant
(14 studies) moderatel
Rituximab control 118 per 1000 186 per 1000 (85 to 375) OR 1.71 (0.69 to 4.49) 377 SODO Not statistically significant
(2 studies) moderatel
Tocilizumab control 118 per 1000 93 per 1000 (52 to 163) OR0.77 (0.41 to 1.45) 842 DODO Not statistically significant
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Table 4. Summary of findings table 2 (continued)

(3 studies) moderatel

All nine bio- control 118 per 1000 127 per 1000 (115to 142) OR1.09 (0.97 to 1.24) 21,152 ere) Not statistically significant

logics
(76 studies) moderatel

Total adverse events

Abatacept control 724 per 1000 766 per 1000 (654 to 849) OR1.25(0.72t02.15) 1818 DODD Not statistically significant
(4 studies) high

Adalimumab control 724 per 1000 730 per 1000 (637 to 802) OR1.03(0.67 to 1.54) 3266 el Tl Not statistically significant
(10 studies) high

Anakinra control 724 per 1000 791 per 1000 (677 to 876) OR 1.44 (0.80 to 2.68) 2033 DOOD Not statistically significant
(4 studies) high

Certolizumab  control 724 per 1000 754 per 1000 (651t0 837) OR1.17(0.71to 1.95) 1829 ©ODD Not statistically significant

pegol
(5 studies) high

Etanercept control 724 per 1000 784 per 1000 (677 to 866) OR 1.38 (0.80 to 2.46) 1600 PO Not statistically significant
(7 studies) high

Golimumab control 724 per 1000 765 per 1000 (672t0 839) OR1.24(0.78 to 1.98) 1187 BHBD Not statistically significant
(6 studies) high

Infliximab control 724 per 1000 803 per 1000 (726 to 860) OR 1.55(1.01 to 2.35) 2330 [apteslesten) 13 (8 to 505)
(9 studies) high

Rituximab control 724 per 1000 802 per 1000 (562 t0 924) OR 1.54 (0.49 to 4.63) 377 DDDO Not statistically significant
(2 studies) moderatel

Tocilizumab control 724 per 1000 775 per 1000 (599 to OR1.31(0.57 to 3.01) 519 SFPa Not statistically significant

888) (2 studies) high
All nine bio- control 724 per 1000 770 per 1000 (741to 797) OR1.28(1.09 to 1.50) 14,959 DODD 22 (14 to 60)

logics
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Table 4. Summary of findings table 2 (continued)

(48 studies) high

Withdrawals due to adverse events

Abatacept control 98 per 1000 113 per 1000 (59 to 208) OR1.17(0.58 to0 2.41) 2054 Tl I0) Not statistically significant
(5 studies) moderatel

Adalimumab control 98 per 1000 128 per 1000 (81 to 194) OR1.35(0.82t02.22) 5268 SO0 Not statistically significant
(18 studies) moderatel

Anakinra control 98 per 1000 150 per 1000 (69 to 301) OR 1.63 (0.68 t0 3.96) 1963 ©ODO Not statistically significant
(3 studies) moderatel

Certolizumab  control 98 per 1000 125 per 1000 (70 to 226) OR 1.32(0.69 t0 2.69) 2421 SDDO Not statistically significant

pegol
(6 studies) moderatel

Etanercept control 98 per 1000 124 per 1000 (82 to 191) OR1.30(0.82t02.17) 5189 eee) Not statistically significant
(25 studies) moderatel

Golimumab control 98 per 1000 127 per 1000 (64 to 241) OR1.34(0.63t02.92) 1549 SODO Not statistically significant
(7 studies) moderatel

Infliximab control 98 per 1000 203 per 1000 (132t0 310) OR2.34(1.40t04.14) 2973 DODO 10 (5 to 30)
(15 studies) moderatel

Rituximab control 98 per 1000 229 per 1000 (45 to 756) OR2.74 (0.43 t0 28.48) 377 SDOO Not statistically significant
(2 studies) low??

Tocilizumab control 98 per 1000 166 per 1000 (65 to 371) OR 1.83(0.64 t0 5.42) 842 SODO Not statistically significant
(3 studies) moderatel

All nine bio- control 98 per 1000 137 per 1000 (115t0 168) OR 1.47(1.20to 1.86) 22,636 SODO 26 (15 to 58)

logics
(83 studies) moderatel

Serious infection
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Table 4. Summary of findings table 2 (continued)

Abatacept control 26 per 1000 25 per 1000 (11 to 58) OR0.97 (0.40 to 2.31) 2052 Tl Not statistically significant
(5 studies) high

Adalimumab control 26 per 1000 32 per 1000 (17 to 60) OR 1.23 (0.65 to 2.40) 4847 SDBO Not statistically significant
(15 studies) moderatel

Anakinra control 26 per 1000 98 per 1000 (32 to 310) OR4.05(1.22t016.84) 3436 DODO 14 (4 to 181)
(4 studies) moderatel

Certolizumab  control 26 per 1000 113 per 1000 (39 to 330) OR4.75 (1.52 to 18.45) 1683 DODD 12 (4to 79)

pegol
(4 studies) high

Etanercept control 26 per 1000 33 per 1000 (19 to 61) OR1.29(0.72 to 2.45) 4630 BP0 Not statistically significant
(19 studies) moderatel

Golimumab control 26 per 1000 29 per 1000 (12 to 65) OR1.11(0.45 t0 2.59) 1334 SODO Not statistically significant
(6 studies) moderatel

Infliximab control 26 per 1000 36 per 1000 (20 to 65) OR1.41(0.75t0 2.62) 2652 ere) Not statistically significant
(13 studies) moderatel

Rituximab control 26 per 1000 7 per 1000 (1 to 55) OR0.26 (0.03 t0 2.16) 377 ®B0O Not statistically significant
(2 studies) low2

Tocilizumab control 26 per 1000 22 per 1000 (5 to 87) OR0.84 (0.20 to 3.56) 842 SDBO Not statistically significant
(3 studies) moderatel

All nine bio- control 26 per 1000 35 per 1000 (27 to 46) OR1.37(1.04 t0 1.82) 21,853 SODO 108 (50 to 989)

logics
(70 studies) moderatel

Tuberculosis reactivation

All nine bio- control 4 per 10,000 20 per 10,000 OR4.68(1.18t018.60) 30,671 P00 681 (143 to 14706)

logics low#

(71 studies)
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Table 4. Summary of findings table 2 (continued)

Lymphoma
All nine bio- control 9 per 10000 1 per 1000 OR0.53(0.17 to 1.66) 21,260 DO Not statistically significant
logics low#

(52 studies)

Congestive heart failure

All nine bio- control 8 per 1000 6 per 1000 OR0.69 (0.18 t0 2.69) 8847 ®POO Not statistically significant

logics low#
(1to21) (24 studies)

* = standard drug dose was used for serious adverse events, total adverse events, withdrawals due to adverse events and serious infectiosn only. All doses were combined for
tuberculosis reactivation, lymphoma and congestive heart failure because of very limited data.

95% Cl =95% confidence interval or 95% credible interval; NNTH = Number needed to treat for harm; OR = odds ratio

Control event rates based on the number of events in the included studies.

1The 95% credible interval around the pooled effect includes both no effect and appreciable benefit or harm.

2Qut of 19 studies, two studies (Buske 2009; Eve 2009) had inadequate allocation concealment; four studies (Eve 2009; Forstpointner 2004; Hainsworth 2005; Herold 2007) reported
no blinding of personnel, participants and outcome assessors; two studies (Buske 2009; Salles 2007) reported no blinding of personnel and participants only.

30ut of 15 studies, two (Buske 2009; Hiddemann 2005) had inadequate allocation concealment; four studies (Coiffier 1998; Forspointner 2004; Hainsworth 2005; Hiddemann 2005)
reported no blinding of personnel, participants and outcome assessors; two studies (Forstpointner 2002; Salles 2007) reported no blinding of personnel and participants only.

4 Very few events.

Table 5. Incidence of safety outcomes from RCTs

Outcome Total # # Events*:  # People: Incidence # Events*: # people: Incidence Total # Total duration
studies biologic ) ) in biologic control control in control people )
withdata  group biologic group group group group Total # studied of studies (mths (yrs))

group events

SAE 125 2926 26032 11.24% 1747 13,614 12.83% 4673 39,646 2613 (217.8)

S Infec- 117 731 25,486 2.87% 325 13,741 2.37% 1056 39,227 2923 (243.6)

tions

Total AE 115 20,686 24,208 85.45% 11,115 13,241 83.94% 31,801 37,449 2462 (205.2)

With d/t 128 1577 26,553 5.94% 683 14,172 4.82% 2260 40,725 2909.2 (242.4)

AE
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Table 5. Incidence of safety outcomes from RCTs (continued)
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B 71 32 20,765 0.154% 3 9915 0.030% 35 30,671 646.1 (53.8)
Lym- 52 14 14,254 0.098% 6 7006 0.086% 20 21,260 518.3 (43.2)
phoma
CHF 24 27 5768 0.468% 17 3079 0.552% 44 8847 255.6 (21.3)
All drug doses included
# Events* = number of events or people with events
Table 6. Standard meta-analyses results
Serious adverse Total adverse Withdrawals due to Serious Infection TBreactivation ~ Lymphoma Congestive
events adverse events heart failure
events
Abatacept 0.90 (0.64 to 1.28) 1.24(0.97 to 1.60) 0.97 (0.57 to 1.63) 1.06 (0.52 t0 2.16) 0.50 (0.03 to 1.52 (0.06 to 1.56 (0.06 to
8.11) 37.53) 38.44)
Adalimumab  0.95 (0.74 to 1.22) 0.99 (0.63 to 1.56) 1.21 (0.84 to 1.75) 1.03 (0.53 t0 2.01) 2.14(0.33 to 0.95 (0.10 to Not estimable
13.78) 9.19)
Anakinra 1.04 (0.68 to 1.61) 1.69 (0.84 to 3.42) 0.65 (0.09 to 4.50) 3.24(0.97 to 10.82) Not estimable 0.08 (0.00 to Not estimable
2.08)
Certolizumab  1.24 (0.85 to 1.80) 1.16 (0.86 to 1.56) 1.17 (0.69to 1.97) 3.15(1.24 t0 7.98) 4.43(0.50 to 0.33(0.01to Not estimable
39.09) 8.09)
Etanercept 1.12 (0.87 to 1.44) 1.14 (0.88 t0 1.48) 0.98 (0.73t0 1.32) 1.12(0.73t0 1.70) 1.48 (0.06 to 2.40 (0.38 to 0.84 (0.05 to
36.93) 15.31) 14.26)
Golimumab 1.04 (0.64 to 1.68) 1.30(0.85to0 1.99) 1.26 (0.57 to 2.79) 1.24 (0.61t0 2.53) 3.04 (0.12to Not estimable  2.84 (0.11to
75.13) 71.99)
Infliximab 1.06 (0.82t0 1.37) 1.51(0.92 to 2.47) 1.99 (1.04 to 3.80) 1.34(0.85t02.12) 2.82 (0.65to 3.00(0.12to Not estimable
12.18) 74.79)
Rituximab 1.59 (0.51 to 4.89) 1.69 (0.97 to 2.96) 1.93 (0.18 to 21.22) 0.39 (0.07 to 2.11)
Tocilizumab 0.90 (0.51to 1.61) 1.36 (0.95 to 1.96) 1.49 (0.74 to0 3.01) 1.28 (0.34t0 4.82) Not estimable Not estimable
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1.46 (0.25to

8.63)

1.05 (0.36 to

3.06)

2.30 (0.95 to

5.55)

1.23(0.99 to 1.52)

1.22 (1.02 to 1.47)

1.28 (1.11t0 1.48)

Table 6. Standard meta-analyses results (continued)
1.04(0.94 t0 1.16)
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Table 7. Treatment comparison to control: serious adverse events - network meta-analysis MTC

OR Standard Dose
RE Model Model

Median (95% Cl)
Abatacept 0.89 (0.61 to 1.26)
Adalimumab 0.96 (0.74 to 1.27)
Anakinra 1.04 (0.67 to 1.64)

Certolizumab

1.57 (1.06 to 2.32)*

Etanercept 1.24 (0.93 to 1.69)
Golimumab 1.05 (0.67 to 1.69)
Infliximab 1.15(0.85t0 1.57)
Rituximab 1.71(0.69 to 4.49)
Tocilizumab 0.77 (0.41 to 1.45)
Overall 1.09(0.97,1.24)
Data points (133)

Residual deviance 153.8

DIC 758.95

* = statistically significant; OR = odds ratio; RE model = random-effects model; 95% CI = 95% credible interval; DIC = Deviance information
criteria

Table 8. Treatment comparison to control: total adverse events - network meta-analysis MTC

OR Standard Dose
RE Model Model

Median (95% Cl)
Abatacept 1.25(0.72 to 2.15)
Adalimumab 1.03 (0.67 to 1.54)
Anakinra 1.44(0.80 to 2.68)

Certolizumab

1.17 (0.71to 1.95)

Etanercept 1.38 (0.80 to 2.46)
Golimumab 1.24 (0.78 to 1.98)
Infliximab 1.55(1.01t0 2.35)*

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review)
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Table 8. Treatment comparison to control: total adverse events - network meta-analysis MTC (continued)

Rituximab 1.54 (0.49 to 4.63)
Tocilizumab 1.31(0.57 t0 3.01)
Overall 1.28 (1.09, 1.50)*
Data points (101)

Residual deviance 113

DIC 642.73

* = statistically significant; OR = odds ratio; RE model = random-effects model; 95% Cl = 95% credible interval; DIC = Deviance information
criteria

Table 9. Treatment comparison to control: withdrawals due to adverse events - network meta-analysis MTC

OR Standard Dose
RE Model Model

Median (95% Cl)

Abatacept 1.17 (0.58 to 2.41)
Adalimumab 1.35(0.82t0 2.22)
Anakinra 1.63 (0.68 to 3.96)
Certolizumab 1.32(0.69 to 2.69)
Etanercept 1.30(0.82t0 2.17)
Golimumab 1.34(0.63t02.92)
Infliximab 2.34(1.40 to 4.14)*
Rituximab 2.74(0.43 t0 28.48)
Tocilizumab 1.83(0.64t0 5.42)
Overall 1.47(1.20,1.86)*
Data points (165)

Residual deviance 161.1

DIC 764.72

* = statistically significant; OR = odds ratio; RE model = random-effects model; 95% CI = 95% credible interval; DIC = Deviance information
criteria

Table 10. Treatment comparison to control: serious infections - network meta-analysis MTC

OR Standard Dose
RE Model Model
Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review) 55
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Table 10. Treatment comparison to control: serious infections - network meta-analysis MTC (continued)

Median (95% Cl)

Abatacept

0.97 (0.40 to 2.31)

Adalimumab

1.23(0.65 to 2.40)

Anakinra

4.05(1.22 to 16.84)*

Certolizumab

4.75 (1.52 to 18.45)*

Etanercept 1.29 (0.72 to 2.45)
Golimumab 1.11 (0.45to 2.59)
Infliximab 1.41(0.75t0 2.62)
Rituximab 0.26 (0.03 to 2.16)
Tocilizumab 0.84 (0.20 to 3.56)
Overall 1.37(1.04,1.82)*
Data points (115)

Residual deviance 123.2

DIC 494.12

* = statistically significant; OR = odds ratio; RE model = random-effects model; 95% Cl = 95% credible interval; DIC = Deviance information

criteria

Table 11. Pairwise treatment comparison: serious adverse events - network meta-analysis MTC

Comparison

Standard Dose Model

OR (95% CI)

Adalimumab vs Etanercept

0.78 (0.52 to 1.16)

Certolizumab vs Etanercept

1.27 (0.77 to 2.06)

Golimumab vs Etanercept

0.85 (0.49 to 1.44)

Abatacept vs Etanercept

0.71(0.44 to 1.12)

Infliximab vs Etanercept

0.93(0.60 to 1.42)

Rituximab vs Etanercept

1.38 (0.53 to 3.84)

Anakinra vs Etanercept

0.84 (0.49 to 1.43)

Tocilizumab vs Etanercept

0.62 (0.30 to 1.24)

Certolizumab vs Adalimumab

1.63 (1.01t0 2.62)*

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review)
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Table 11. Pairwise treatment comparison: serious adverse events - network meta-analysis MTC (continued)

Golimumab vs Adalimumab

1.09 (0.64 to 1.88)

Abatacept vs Adalimumab

0.92 (0.58 to 1.42)

Infliximab vs Adalimumab

1.19(0.79 to 1.79)

Rituximab vs Adalimumab

1.77 (0.68 to 4.82)

Anakinra vs Adalimumab

1.08 (0.64 to 1.82)

Tocilizumab vs Adalimumab

0.79 (0.40 to 1.59)

Golimumab vs Certolizumab

0.67 (0.37 to 1.23)

Abatacept vs Certolizumab

0.56 (0.33 t0 0.94)

Infliximab vs Certolizumab

0.73 (0.45 to 1.21)

Rituximab vs Certolizumab

1.09 (0.41 to 3.07)

Anakinra vs Certolizumab

0.66 (0.37 to 1.21)

Tocilizumab vs Certolizumab

0.49 (0.23 to 1.03)

Abatacept vs Golimumab

0.84 (0.47 to 1.48)

Infliximab vs Golimumab

1.09 (0.62 to 1.90)

Rituximab vs Golimumab

1.63 (0.59 to 4.75)

Anakinra vs Golimumab

0.99 (0.52 to 1.90)

Tocilizumab vs Golimumab

0.73 (0.34 to 1.59)

Infliximab vs Abatacept

1.30(0.84 to 2.08)

Rituximab vs Abatacept

1.94 (0.73 to 5.43)

Anakinra vs Abatacept

1.17 (0.67 to 2.14)

Tocilizumab vs Abatacept

0.86 (0.42 to 1.81)

Rituximab vs Infliximab

1.49 (0.57 to 4.13)

Anakinra vs Infliximab

0.91 (0.53 to 1.57)

Tocilizumab vs Infliximab

0.67 (0.33 to 1.34)

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review)
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Table 11. Pairwise treatment comparison: serious adverse events - network meta-analysis MTC (continued)

Cochrane Database of Systematic Reviews

Anakinra vs Rituximab 0.60 (0.21 to 1.68)
Tocilizumab vs Rituximab 0.44 (0.14 to 1.37)
Tocilizumab vs Anakinra 0.74 (0.34 to 1.60)

*=statistically significant; OR = odds ratio; 95% CI = 95% credible interval

Table 12. Pairwise treatment comparison: total adverse events - network meta-analysis MTC

Comparison Standard Dose Model

OR (95% Cl)

Adalimumab vs Etanercept

0.74 (0.36t0 1.45)

Certolizumab vs Etanercept

0.85 (0.39to 1.77)

Golimumab vs Etanercept

0.90 (0.43 to 1.83)

Abatacept vs Etanercept

0.90 (0.40 to 1.94)

Infliximab vs Etanercept

1.12 (0.54t02.22)

Rituximab vs Etanercept

1.11 (0.31t0 3.80)

Anakinra vs Etanercept

1.04 (0.45 to 2.36)

Tocilizumab vs Etanercept

0.95 (0.34 to 2.54)

Certolizumab vs Adalimumab

1.14 (0.60t0 2.24)

Golimumab vs Adalimumab

1.20 (0.65 to0 2.30)

Abatacept vs Adalimumab

1.22 (0.61to 2.45)

Infliximab vs Adalimumab

1.51 (0.84 t0 2.76)

Rituximab vs Adalimumab

1.50 (0.45to 4.93)

Anakinra vs Adalimumab

1.40 (0.69 to 3.00)

Tocilizumab vs Adalimumab

1.27 (0.51 to 3.29)

Golimumab vs Certolizumab

1.06 (0.53 0 2.10)

Abatacept vs Certolizumab

1.07 (0.50t0 2.22)

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review)
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Table 12. Pairwise treatment comparison: total adverse events - network meta-analysis MTC (continued)

Infliximab vs Certolizumab

1.32 (0.68t02.53)

Rituximab vs Certolizumab

1.31 (0.38 to 4.40)

Anakinra vs Certolizumab

1.22 (0.57 t0 2.73)

Tocilizumab vs Certolizumab

1.11 (0.42t02.94)

Abatacept vs Golimumab

1.01 (0.49 to 2.07)

Infliximab vs Golimumab

1.26 (0.66 to 2.33)

Rituximab vs Golimumab

1.25 (0.36t0 4.07)

Anakinra vs Golimumab

1.16 (0.55 t0 2.52)

Tocilizumab vs Golimumab

1.06 (0.41t0 2.74)

Infliximab vs Abatacept

1.24 (0.65 to 2.39)

Rituximab vs Abatacept

1.23 (0.35t0 4.23)

Anakinra vs Abatacept

1.15 (0.52 to 2.66)

Tocilizumab vs Abatacept

1.05 (0.39to0 2.8)

Rituximab vs Infliximab

0.99 (0.30 to 3.24)

Anakinra vs Infliximab

0.93 (0.45 to 1.98)

Tocilizumab vs Infliximab

0.84 (0.33 t0 2.16)

Anakinra vs Rituximab

0.93 (0.27 to 3.44)

Tocilizumab vs Rituximab

0.85 (0.21 to 3.50)

Tocilizumab vs Anakinra

0.91 (0.32t02.52)

* = statistically significant; OR = odds ratio; 95% Cl = 95% credible interval

Table 13. Pairwise treatment comparison: withdrawals due to adverse events - network meta-analysis MTC

Comparison

Standard Dose Model

OR (95% ClI)

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review)
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Table 13. Pairwise treatment comparison: withdrawals due to adverse events - network meta-analysis MTC (continued)

Adalimumab vs Etanercept

1.04 (0.51 to 2.02)

Certolizumab vs Etanercept

1.02 (0.44t0 2.32)

Golimumab vs Etanercept

1.03 (0.41 to 2.514)

Abatacept vs Etanercept

0.90 (0.38 to 2.10)

Infliximab vs Etanercept

1.81 (0.89 to 3.68)

Rituximab vs Etanercept

2.11(0.30 to 22.43)

Anakinra vs Etanercept

1.26 (0.45to 3.34)

Tocilizumab vs Etanercept

1.41 (0.43 to 4.53)

Certolizumab vs Adalimumab

0.98 (0.43 t0 2.33)

Golimumab vs Adalimumab

1.00 (0.40 to 2.49)

Abatacept vs Adalimumab

0.87 (0.37 to 2.09)

Infliximab vs Adalimumab

1.74 (0.86 to 3.70)

Rituximab vs Adalimumab

2.04 (0.30 to 22.18)

Anakinra vs Adalimumab

1.21 (0.44 to 3.32)

Tocilizumab vs Adalimumab

1.36 (0.42 to 4.43)

Golimumab vs Certolizumab

1.01 (0.35 t0 2.78)

Abatacept vs Certolizumab

0.88 (0.33 t0 2.31)

Infliximab vs Certolizumab

1.77 (0.75 to 4.22)

Rituximab vs Certolizumab

2.07 (0.28 t0 23.37)

Anakinra vs Certolizumab

1.23 (0.40 to 3.65)

Tocilizumab vs Certolizumab

1.39 (0.39 to 4.85)

Abatacept vs Golimumab

0.87 (0.31t0 2.48)

Infliximab vs Golimumab

1.75 (0.70 to 4.53)

Rituximab vs Golimumab

2.05 (0.27 to 24.09)

Anakinra vs Golimumab

1.22 (0.38 to 3.90)

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review) 60
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Table 13. Pairwise treatment comparison: withdrawals due to adverse events - network meta-analysis MTC (continued)

Tocilizumab vs Golimumab

1.36 (0.37t0 5.12)

Infliximab vs Abatacept

2.01(0.87 to 4.77)

Rituximab vs Abatacept

2.35(0.32 t0 26.5)

Anakinra vs Abatacept

1.40 (0.45 to 4.32)

Tocilizumab vs Abatacept

1.57 (0.44 to 5.65)

Rituximab vs Infliximab

1.16(0.17 to 12.87)

Anakinra vs Infliximab

0.70 (0.24 to 1.91)

Tocilizumab vs Infliximab

0.78 (0.24 to 2.54)

Anakinra vs Rituximab

0.59 (0.05 to 4.61)

Tocilizumab vs Rituximab

0.67 (0.05 to 5.67)

Tocilizumab vs Anakinra

1.12 (0.29 to 4.49)

* = statistically significant; OR = odds ratio; 95% Cl = 95% credible interval

Table 14. Pairwise treatment comparison: serious infections - network meta-analysis MTC

Comparison

Standard Dose Model

OR (95% ClI)

Adalimumab vs Etanercept

0.95 (0.38 t0 2.29)

Certolizumab vs Etanercept

3.68 (1.01to 16.3)*

Golimumab vs Etanercept

0.86 (0.28 t0 2.39)

Abatacept vs Etanercept

0.76 (0.25 t0 2.12)

Infliximab vs Etanercept

1.09 (0.45 to 2.56)

Rituximab vs Etanercept

0.20 (0.02 to 1.74)

Anakinra vs Etanercept

3.15 (0.80 to 14.5)

Tocilizumab vs Etanercept

0.65 (0.13 t0 3.07)

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

61



= COCh rane Trusted evidence.
o § d decisions.
o Library  cecrnean

Table 14. Pairwise treatment comparison: serious infections - network meta-analysis MTC (continued)

Cochrane Database of Systematic Reviews

Certolizumab vs Adalimumab

3.90 (1.03 to 17.17)*

Golimumab vs Adalimumab

0.90 (0.29 to 2.63)

Abatacept vs Adalimumab

0.80 (0.26 t0 2.33)

Infliximab vs Adalimumab

1.15 (0.46 to 2.81)

Rituximab vs Adalimumab

0.21(0.02 to 1.89)

Anakinra vs Adalimumab

3.33(0.83 to 15.4)

Tocilizumab vs Adalimumab

0.69 (0.14 to 3.32)

Golimumab vs Certolizumab

0.23 (0.04 to 0.97)*

Abatacept vs Certolizumab

0.20 (0.04 to 0.86)*

Infliximab vs Certolizumab

0.29 (0.07 to 1.08)

Rituximab vs Certolizumab

0.05 (0.004 to 0.59)*

Anakinra vs Certolizumab

0.86 (0.14 to 5.18)

Tocilizumab vs Certolizumab

0.17 (0.02 to 1.08)

Abatacept vs Golimumab

0.88(0.26 to 3.07)

Infliximab vs Golimumab

1.27 (0.45 to 3.81)

Rituximab vs Golimumab

0.24 (0.02 to 2.26)

Anakinra vs Golimumab

3.68 (0.84 to 19.96)

Tocilizumab vs Golimumab

0.75(0.15 to 4.32)

Infliximab vs Abatacept

1.44 (0.53 to 4.07)

Rituximab vs Abatacept

0.27(0.02 to 2.68)

Anakinra vs Abatacept

4.20 (0.96 to 22.06)

Tocilizumab vs Abatacept

0.86 (0.16 to 4.76)

Rituximab vs Infliximab

0.19 (0.02 to 1.65)

Anakinra vs Infliximab

2.90 (0.75 to 13.41)

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review)
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Table 14. Pairwise treatment comparison: serious infections - network meta-analysis MTC (continued)

Tocilizumab vs Infliximab 0.60 (0.12 to 2.88)
Anakinra vs Rituximab 15.73 (1.42 t0 238.30)*
Tocilizumab vs Rituximab 3.20(0.25 to 49.00)
Tocilizumab vs Anakinra 0.20 (0.03 to 1.35)

* = statistically significant; OR = odds ratio; 95% Cl = 95% credible interval

Adverse effects of biologics: a network meta-analysis and Cochrane overview (Review) 63
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Table 15. Stratified meta-analysis findings (unadjusted for dose)

Factor

Total adverse events

Serious adverse effects

Serious infections

Withdrawals due to adverse ef-
fects

OR (95% ClI) Tau OR (95% ClI) Tau OR (95% ClI) Tau OR (95% ClI) Tau
squared squared squared squared

Overall biolog- 1.06 1.064 1.17 0.846 1.39 1.187 1.43 1.126
ics (vs control)

(1.03 to 1.10) (0.90 to 1.53) (1.18 to 1.64) (1.23t0 1.66)

P =0.0006 P=0.2448 P=0.0003 P <0.0001
By drug (vs P=0.0216 1.064 P=0.3126 0.897 P=0.0043 1.144 P =0.0006 1.075
Control)
Abatacept 1.05 1.01(0.77 to 1.31) 1.11(0.66 to 1.87) 1.14 (0.71to0 1.84)

(0.93t0 1.17)
Adalimumab 1.00 (0.93 to 1.08) 0.92 (0.74 to 1.15) 1.24(0.81t0 1.88) 1.21(0.86to 1.71)
Anakinra 1.01 (0.88 to 1.16) 1.00 (0.67 to 1.49) 1.83(0.85 to 3.95) 1.61 (0.86 t0 3.01)
Certolizumab 1.05 (0.91 to 1.21) 1.49 (1.06 t0 2.02) 2.82 (1.27 t0 6.29) 1.39 (0.85 t0 2.29)
pegol
Etanercept 1.10(1.01 to 1.20) 1.13(0.90to 1.41) 1.10 (0.74 to 1.65) 1.25(0.90t0 1.72)
Golimumab 1.06 (0.93 to 1.20) 1.00(0.71to 1.41) 1.37 (0.77 to 2.44) 1.35(0.79 to 2.30)
Infliximab 1.16 (1.07 to 1.27) 1.19 (0.99 to 1.43) 1.97 (1.41 to 2.75) 2.15 (1.60 to 2.89)
Rituximab 1.04 (0.96 t0 1.13) 1.02 (0.84 to 1.23) 1.12 (0.81 to 1.54) 1.21(0.77 to 1.89)
Tocilizumab 1.10 (0.97 to 1.26) 1.14 (0.79 to 1.63) 1.67 (0.92 to 3.06) 1.54 (0.88 t0 2.67)
TNF-alpha in- P=0.0021 1.031 P=0.4927 0.858 P =0.0002 1.121 P <0.0001 1.061
hibitor:
Yes 1.07 (1.03 to 1.12) 1.25(0.92 to 1.71) 1.41 (1.13 t0 1.75) 1.41 (1.18 t0 1.68)
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Table 15. Stratified meta-analysis findings (unadjusted for dose) (continued)

No 1.06 (1.00 to 1.12) 0.99 (0.62 to 1.59) 1.37 (1.05 to 1.78) 1.50 (1.13 to0 1.99)

Type of Biolog- P=0.0097 1.033 P=0.7289 0.868 P =0.0004 1.097 P <0.0001 1.042
ic:

TNF-alpha anti-  1.06 (1.01 to 1.12) 1.30(0.91t0 1.87) 1.48 (1.15t0 1.90) 1.63 (1.09 to 2.43)

body

TNF-alpha re- 1.09 (1.00 to 1.19) 1.11 (0.59 to 2.09) 1.17 (0.74 to 1.83) 1.79 (0.95 to 3.38)

ceptor

Others 1.06 (1.00 to 1.12) 1.00 (0.62 to 1.60) 1.37 (1.05 to 1.78) 1.72 (0.96 to 3.08)

Trial duration: P<0.0001 0.634 P <0.0001 N.E. P <0.0001 1.031 P <0.0001 0.809
Short (<6 mo) 1.08 (1.03to0 1.13) 1.03(0.93to0 1.15) 1.60 (1.23 to 2.08) 1.76 (1.22 t0 2.52)

Intermediate 1.04 (0.97to 1.12) 1.10 (0.96 to 1.27) 1.38(0.96 t0 1.99) 1.29 (0.69 to 2.40)

(6-12 mo)

Long (>12mo)  1.04(0.97 to 1.12) 0.83 (0.76 t0 0.90) 1.19(0.93 to 1.54) 1.56 (0.88 t0 2.78)
Concomitant P=0.0723 1.066 P=N/A 0.831 P=0.0176 1.210 P =0.0004 1.148
medication:

MTX +Other 1.06 (1.01to 1.12) 1.18(0.80to 1.74) 1.26 (0.96 to 1.65) 1.36 (1.08to 1.71)

DMARD
MTX 1.04 (0.90 to 1.21) 1.74 (0.63 to 4.84) 1.72 (0.90 to 3.30) 1.33(0.79 t0 2.26)

Other DMARD(s)  1.08 (1.02 to 1.14) 1.05 (0.71 to 1.54) 1.31(1.00 to 1.72) 1.65 (1.26 t0 2.15)

None 1.05(0.96 to 1.14) 1.33(0.71to 2.50) 1.79 (1.14 to 2.80) 1.34(0.91to 1.96)
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Table 15. Stratified meta-analysis findings (unadjusted for dose) (continued)

Disease condi- P=0.0166 1.087 P <0.0001 0.679 P <0.0001 1.013 P <0.0001 0.982
tion:

Ankylosing 1.25 (1.08 to 1.44) 1.58 (0.56 t0 4.48) 1.45 (0.27 to 7.74) 3.34 (0.78 to 14.24)
spondylitis

Cancer 1.05(0.96 to 1.15) 1.00 (0.47 t0 2.10) 1.15(0.80to 1.67) 2.48 (0.84t0 7.32)

IBD 0.98 (0.88 to 1.09) 0.70 (0.31 to 1.60) 1.28 (0.67 to 2.44) 1.01 (0.37t0 2.77)

Psoriasis 1.17 (1.06 to 1.30) 1.25 (0.5 to 3.08) 0.70 (0.28 to 1.77) 1.34 (0.52 to 3.45)

Psoriatic arthri-
tis

1.03 (0.87 to0 1.22)

0.59 (0.18 t0 2.01)

0.29 (0.07 to 1.25)

1.26 (0.31t0 5.07)

Rheumatoid
arthritis

1.05 (1.00 to 1.09)

1.31(0.92 to 1.88)

1.55 (1.23 to 1.95)

1.44 (0.95 to 2.20)

Other*

1.07 (0.96 to 1.19)

1.37 (0.77 to 2.44)

1.61 (1.09 to 2.36)

3.65 (1.67 to 8.18)

N =number of; OR = odds ratio; Cl = confidence interval; P = P value; TNF-alpha inhibitor = tumor necrosis factor - alpha inhibitor; N/A = not applicable; N.E. = not estimable; MTX =
methotrexate; DMARD = disease modifying anti-rheumatic drug; IBD = inflammatory bowel disease; Other* = other disease conditions - includes: heart failure, multiple sclerosis,
COPD, alcoholic hepatitis, diabetes, lupus, active spondylarthropathy, osteoarthritis, asthma, cardiac or renal transplantation, Sjogren's syndrome, polymyalgia rheumatica,
autoimmune inner ear disease, giant cell arteritis, pulmonary sarcoidosis, Hepatitis C, cancer anorexia/weight loss syndrome, Wegener's granulomatosis, Crohn's disese and

ulcerative colitis.

The results in this table are not adjusted for dose.
Note: we defined the comparison of TNF antibody versus receptor versus other as follows: TNF antibody (infliximab, golimumab, certolizumab pegol, adalimumab) versus TNF

receptor (etanercept) versus other (tocilizumab, rituximab, abatacept). The ‘other’ types of concomitant medication included DMARDs, steroids and/or NSAIDs.

Note: we did not have enough data for the models to run on the stratified analysis for congestive heart failure, lymphoma, and TB reactivation outcomes.

Table 16. Estimates of safety outcomes from extension studies

Abat- Adal- Anakin- Cer- Etan- Goli- Inflix- Rit- Tocilizum-
acept i- ra tolizum- er- mum- imab ux- ab
mum- ab cept ab imab
ab pegol
Patients 604 2564 427 781 5342 137 917 1039 143
Estimated Pa- 22926 34526 8113 9372 173016 1644 17855 49872 8580

tient Months
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Table 16. Estimates of safety outcomes from extension studies (continued)

Outcome Counts Risk Counts Risk Counts Risk Counts Risk Counts Risk Counts Risk Counts Risk Counts Risk Counts Risk
measure

Serious AE, 132 46.0% 227 9.0% 93 11.9% 355 10.4% 22 16.1% 116 12.9% 316 30.4% 717 53.8%
events

Serious AE, 287 2522 781 3406 137 898 1039 143

patients

Serious Infec- 62 2.5% 7 0.9% 178 3.9% 3 2.2% 42 5.1% 84 8.1% 25 17.5%
tions, events

Serious Infec- 2476 781 4577 137 831 1039 143

tions, patients

TB, events 0 0.0% 2 0.1% 5 0.6% 1 0.0% O 0.0% 1 0.1% 0 0.0%

TB, patients 287 2275 781 3198 137 746 1039

Lymph can- 0 0.0% 4 0.2% 1 0.1% 9 04% O 0.0% 1 0.1% 0 0.0%

cer, events

Lymph can- 287 2417 781 2279 137 668 1039

cer, patients

Cong. Heart 2 0.1% 5 03% 1 0.7% 0 0.0%

Failure,

events

Cong. Heart 2275 1712 137 668

Failure, pa-

tients

WD d/t AE, 59 9.8% 143 6.5% 46 10.8% 39 5.0% 240 5.5% 11 8.0% 70 7.8% 38 3.7% 32 22.4%
events

WD d/t AE, pa- 604 2214 427 781 4327 137 898 1039 143

tients
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APPENDICES

Appendix 1. Systematic review search strategy

The Cochrane Library, Issue 1, 2010

Cochrane Database of Systematic Reviews (limited to Reviews only):
DARE:

HTA:

CENTRAL:

#1  MeSH descriptor Antibodies, Monoclonal explode all trees
#2  MeSH descriptor Monokines explode all trees

#3  MeSH descriptor Receptors, Interleukin-1 explode all trees
#4  MeSH descriptor Receptors, Interleukin-6 explode all trees
#5  MeSH descriptor Immunoglobulin G explode all trees

#6  MeSH descriptor Immunoconjugates explode all trees

#7  MeSH descriptor Polyethylene Glycols explode all trees

#8 MeSH descriptor Immunoglobulin Fab Fragments explode all trees
#9  MeSH descriptor T-Lymphocytes explode all trees

#10 adalimumab:ti,ab

#11 humira:ti,ab

#12 trudexa:ti,ab

#13 abatacept:ti,ab

#14 orencia:ti,ab

#15 anakinra:ti,ab

#16 kineret:ti,ab

#17 Certolizumab:ti,ab

#18 cimzia:ti,ab

#19 Etanercept:ti,ab

#20 enbrel:ti,ab

#21 Golimumab:ti,ab

#22 simponi:ti,ab

#23 rituximab:ti,ab

#24 rituxan:ti,ab

#25 mabthera:ti,ab

#26 Tocilizumab:ti,ab

#27 actemra:ti,ab

#28 RoActemra:ti,ab
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#29 (#1 OR#2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19
OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28)

Appendix 2. RCT, CCT, open label extension update search strategy
I. MEDLINE 2005 to January Week 4 2010

1. exp antibodies, monoclonal/
2. exp monokines/

3. exp receptors, interleukin-1/
4. exp receptors, interleukin-6/
5. exp immunoglobulin g/

6. exp immunoconjugates/

7. exp polyethylene glycols/

8. exp immunoglobulin fab fragments/
9. exp t-lymphocytes/

10. adalimumab.tw.

11. humira.tw.

12. trudexa.tw.

13. abatacept.tw.

14. orencia.tw.

15. anakinra.tw.

16. kineret.tw.

17. Certolizumab.tw.

18. cimzia.tw.

19. Etanercept.tw.

20. enbrel.tw.

21. Golimumab.tw.

22. simponi.tw.

23. rituximab.tw.

24. rituxan.tw.

25. mabthera.tw.

26. Tocilizumab.tw.

27. actemra.tw.

28. RoActemra.tw.

29.0r/1-28

30. limit 29 to (yr="2005 -Current" and randomized controlled trial)

1. EMBASE 2006 to 2010 Week 05

1. adalimumab/
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2. adalimumab.tw.

3. humira.tw.

4. trudexa.tw.

5. abatacept/

6. abatacept.tw.

7.orencia.tw.

8. recombinant interleukin 1 receptor blocking agent/
9. anakinra.tw.

10. kineret.tw.

11. certolizumab pegol/

12. Certolizumab.tw.

13. cimzia.tw.

14. etanercept/

15. Etanercept.tw.

16. enbrel.tw.

17. golimumab/

18. Golimumab.tw.

19. simponi.tw.

20. rituximab/

21. rituximab.tw.

22. ritux?n.tw.

23. mabthera.tw.

24. atlizumab/

25. Tocilizumab.tw.

26. actemra.tw.

27. RoActemra.tw.

28.0r/1-27

29. (random$ or placebo$).ti,ab.
30. ((single$ or double$ or triple$ or treble$) and (blind$ or masks$)).ti,ab.
31. controlled clinical trial$.ti,ab.
32. RETRACTED ARTICLE/

33. 0r/29-32

34. (animal$ not human$).sh,hw.
35.33 not 34

36.28 and 35
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37. limit 36 to yr="2006 -Current"

Appendix 3. Adverse event search strategy
I. MEDLINE 1950 to January Week 4 2010

1. adalimumab.tw.

2. humira.tw.

3. trudexa.tw.

4. abatacept.tw.

5. orencia.tw.

6. anakinra.tw.

7. kineret.tw.

8. Certolizumab.tw.

9. cimzia.tw.

10. Etanercept.tw.

11. enbrel.tw.

12. Golimumab.tw.

13. simponi.tw.

14. rituximab.tw.

15. rituxan.tw.

16. mabthera.tw.

17. Tocilizumab.tw.

18. actemra.tw.

19. RoActemra.tw.

20. 0r/1-19

21. (safe or safety).tw.

22. side effectS.tw.

23. ((adverse or undesirable or harms$ or serious or toxic) adj3 (effect$ or reaction$ or event$ or outcome$)).tw.
24. exp product surveillance, postmarketing/
25. exp adverse drug reaction reporting systems/
26. clinical trials, phase iv/

27. Clinical Trials, Phase lll/

28. exp poisoning/

29. exp substance-related disorders/
30. exp drug toxicity/

31. exp abnormalities, drug induced/

32. exp drug monitoring/
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33. exp drug hypersensitivity/

34. (toxicity or complication$ or noxious or tolerability).tw.
35. exp Postoperative Complications/

36. exp Intraoperative Complications/

37. extension.tw.

38. continuation.tw.

39. (follow-on or follow-up).tw.

40. long-term data.tw.

41. or/21-40

42.20and 41

1l. EMBASE 1980 to 2010 Week 05

1. adalimumab.tw.
2. humira.tw.

3. trudexa.tw.

4. abatacept.tw.

5. orencia.tw.

6. anakinra.tw.

7. kineret.tw.

8. Certolizumab.tw.
9. cimzia.tw.

10. Etanercept.tw.
11. enbrel.tw.

12. Golimumab.tw.
13. simponi.tw.

14. rituximab.tw.
15. ritux?n.tw.

16. mabthera.tw.
17. Tocilizumab.tw.
18. actemra.tw.

19. RoActemra.tw.
20.0r/1-19

21. (ae or si or to or co).fs.
22. (adverse adj (effect$ or reaction$ or event$ or incident$)).tw.
23. toxicS.tw.

24, ((injurious or undesirable) adj (effect$ or reaction$ or event$ or incident$)).tw.
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25. safety.tw.

26. ((drug or chemical$) adj induced).tw.

27. extension.tw.

28. continuation.tw.

29. follow-on.tw.

30. (follow-up adj5 trial).tw.

31. long-term data.tw.

32.0r/21-31

33.20and 32

Appendix 4. Treatment comparison to control: serious adverse events - network meta-analysis MTC

OR Standard Dose Unadjusted Dose Adjusted
RE Model Model Model Model

Median (95% Cl) Median (95% Cl) Median (95% Cl)
Abatacept 0.89 (0.61to0 1.26) 1.02 (0.71to 1.47) 0.88 (0.45t0 1.70)
Adalimumab 0.96 (0.74 to 1.27) 0.90 (0.67, to 1.20) 1.01 (0.64 to 1.59)
Anakinra 1.04 (0.67 to 1.64) 1.05 (0.61 to 1.85) 1.06 (0.58 to 1.94)

Certolizumab

1.57 (1.06 to 2.32)*

1.66 (1.08 to 2.59)*

1.57(0.96 to 2.57)

Etanercept 1.24 (0.93 to 1.69) 1.25(0.92 to 1.72) 1.29 (0.90 to 1.87)

Golimumab 1.05(0.67 to 1.69) 1.06 (0.68 t0 1.63) 1.03 (0.60to 1.74)

Infliximab 1.15(0.85 to 1.57) 1.24 (0.97 to 1.62) 1.13(0.79 to 1.62)

Rituximab 1.71 (0.69 to 4.49) 1.38(1.03t0 1.86)* 1.44 (0.57 to 3.59)

Tocilizumab 0.77 (0.41 to 1.45) 1.11(0.70 to 1.77) 1.16 (0.25 to 4.77)

Overall 1.09 (0.97 to 1.24)

Data points (133) (211) (261)

Residual deviance 153.8 285.6 282.7

DIC 758.95 1368.36 1377.79
Footnotes

* = statistically significant; OR = odds ratio; RE model = random-effects model; 95% Cl = 95% credible interval; DIC = Deviance information

criteria

Appendix 5. Treatment comparison to control: total adverse events - network meta-analysis MTC
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OR Standard Dose Unadjusted Dose Adjusted
RE Model Model Model Model

Median (95% Cl) Median (95% Cl) Median (95% Cl)
Abatacept 1.25 (0.72 t0 2.15) 1.10 (0.73 to 1.66) 1.24 (0.74 t0 2.07)
Adalimumab 1.03 (0.67 to 1.54) 1.04 (0.75 to 1.45) 0.86 (0.51 to 1.44)
Anakinra 1.44 (0.80 to 2.68) 1.19(0.74 to 1.92) 1.38 (0.79 to 2.41)

Certolizumab

1.17 (0.71 to 1.95)

1.18 (0.77 to 1.80)

1.17 (0.74 to 1.88)

Etanercept 1.38 (0.80to 2.46) 1.13(0.71t0 1.81) 1.20 (0.71to 2.06)

Golimumab 1.24 (0.78 to 1.98) 1.18 (0.81 to 1.69) 1.15(0.74 to 1.79)

Infliximab 1.55(1.01 to 2.35)* 1.54 (1.17 to 2.03)* 1.45(0.98 t0 2.11)

Rituximab 1.54 (0.49 to 4.63) 1.49 (0.94 to 2.40) 1.28 (0.49 t0 3.37)

Tocilizumab 1.31(0.57 to 3.01) 1.34 (0.85t0 2.10) 1.11(0.53t0 2.28)

Overall 1.28 (1.09to 1.50)*

Data points (101) (160) (163)

Residual deviance 113 178.4 175.9

DIC 642.73 1012.58 1016.75
Footnotes

* = statistically significant; OR = odds ratio; RE model = random-effects model; 95% Cl = 95% credible interval; DIC = Deviance information

criteria

Appendix 6. Treatment comparison to control: withdrawals due to adverse events - network meta-analysis MTC

OR Standard Dose Unadjusted Dose Adjusted
RE Model Model Model Model

Median (95% Cl) Median (95% Cl) Median (95% Cl)
Abatacept 1.17 (0.58 to 2.41) 1.21(0.69t02.12) 1.04 (0.51t02.12)
Adalimumab 1.35(0.82t02.22) 1.16(0.77 to 1.74) 1.38 (0.87 t0 2.20)
Anakinra 1.63 (0.68 to 3.96) 1.63 (0.78 to 3.48) 1.62 (0.73t0 3.71)

Certolizumab

1.32(0.69 to 2.69)

1.32(0.75 to 2.40)

1.31(0.70to 2.52)

Etanercept

1.30 (0.82 t0 2.17)

1.35(0.92 t0 2.02)

1.36 (0.88 t0 2.16)
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Golimumab 1.34 (0.63 t0 2.92) 1.43 (0.78 t0 2.66) 1.28 (0.62 t0 2.67)
Infliximab 2.34 (1.40 to 4.14)* 2.32(1.63t03.37)* 2.29 (1.45 to 3.73)*
Rituximab 2.74(0.43 to 28.48) 2.50 (1.36 to 4.88)* 1.78 (0.38 t0 8.43)
Tocilizumab 1.83(0.64t05.42) 1.47 (0.79t0 2.79) 1.57 (0.63 t0 3.90)
Overall 1.47(1.20to 1.86)*

Data points (165) (264) (266)

Residual deviance 161.1 268.6 270.6

DIC 764.72 1247.06 1259.71

Footnotes

* = statistically significant; OR = odds ratio; RE model = random-effects model; 95% Cl = 95% credible interval; DIC = Deviance information

criteria

Appendix 7. Treatment comparison to control: serious infections - network meta-analysis MTC

OR Standard Dose Unadjusted Dose Adjusted
RE Model Model Model Model

Median (95% Cl) Median (95% Cl) Median (95% Cl)
Abatacept 0.97 (0.40 to 2.31) 1.19(0.62 t0 2.27) 1.08 (0.48 t0 2.48)
Adalimumab 1.23 (0.65 t0 2.40) 1.26 (0.74 t0 2.20) 1.30 (0.73t0 2.42)
Anakinra 4.05(1.22 t0 16.84)* 3.96 (1.27 to 15.75)* 4.03 (1.29 to 16.22)*

Certolizumab

4.75 (1.52 to 18.45)*

4,65 (1.61 to 16.22)*

4.67(1.58to0 16.15)*

Etanercept 1.29 (0.72 to 2.45) 1.19 (0.72t0 2.01) 1.28 (0.73t0 2.30)
Golimumab 1.11 (0.45to 2.59) 1.30 (0.65 t0 2.65) 1.14 (0.49 to 2.55)
Infliximab 1.41 (0.75t0 2.62) 1.58 (1.08 to 2.36)* 1.17(0.65 to 2.09)
Rituximab 0.26 (0.03 to 2.16) 1.17 (0.76 to 1.85) 0.46 (0.16 to 1.15)
Tocilizumab 0.84 (0.20 to 3.56) 1.52 (0.72t03.32) 0.78 (0.22 to 2.60)
Overall 1.37(1.04to0 1.82)*

Data points (115) (163) (208)

Residual deviance 123.2 221.8 221.5

DIC 494.12 895.53 902.03
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Footnotes

* = statistically significant; OR = odds ratio; RE model = random-effects model; 95% CI = 95% credible interval; DIC = Deviance information

criteria

Appendix 8. Sensitivity/meta-regression analysis for serious infection (certolizumab versus placebo)

Model

OR (95% credible interval)

Random effects (RE)

4.75 (1.52, 18.45)

Fixed effects (FE)

4.16 (1.69, 12.57)

RE remove cancer trials

4.71(1.51, 18.10)

RE meta-regression control rate

4.67 (1.46, 18.06)

RE meta-regression trial length

5.26 (1.52, 24.35)

Appendix 9. Pairwise treatment comparison: serious adverse events - network meta-analysis MTC

Comparison

Standard Dose Model

OR (95% Cl)

Unadjusted Dose Model

OR (95% Cl)

Dose Adjusted Model

OR (95% Cl)

Adalimumab vs Etanercept

0.78 (0.52 to 1.16)

0.71(0.70 to 1.77)

0.78 (0.43 to 1.40)

Certolizumab vs Etanercept

1.27(0.77 to 2.06)

1.32(0.46 to 1.09)

1.22 (0.66 to0 2.26)

Golimumab vs Etanercept

0.85(0.49 to 1.44)

0.84 (0.77 t0 2.28)

0.80 (0.42 to 1.53)

Abatacept vs Etanercept

0.71(0.44 t0 1.12)

0.81 (0.49 to 1.42)

0.68 (0.31 to 1.47)

Infliximab vs Etanercept

0.93 (0.60 to 1.42)

0.99 (0.50 to 1.31)

0.88 (0.53 to 1.47)

Rituximab vs Etanercept

1.38 (0.53 to 3.84)

1.10 (0.66 to 1.49)

1.12 (0.41 to 3.00)

Anakinra vs Etanercept

0.84 (0.49 to 1.43)

0.84 (0.72 to 1.70)

0.82 (0.41 to 1.67)

Tocilizumab vs Etanercept

0.62 (0.30 to 1.24)

0.89 (0.44 to 1.59)

0.91 (0.18 to 3.89)

Certolizumab vs Adalimumab

1.63 (1.01 t0 2.62)*

1.85(0.51 to 1.55)

1.56 (0.80 to 3.06)

Golimumab vs Adalimumab

1.09 (0.64 to 1.88)

1.18 (1.10 to 3.14)*

1.03 (0.50 to 2.06)

Abatacept vs Adalimumab

0.92 (0.58 to 1.42)

1.14 (0.70 to 1.99)

0.87 (0.38 to 1.96)

Infliximab vs Adalimumab

1.19(0.79 to 1.79)

1.39(0.71t0 1.81)

1.12 (0.63 0 2.01)

Rituximab vs Adalimumab

1.77 (0.68 to 4.82)

1.54 (0.95 to 2.07)

1.43 (0.51t0 4.01)
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Anakinra vs Adalimumab

1.08 (0.64 to 1.82)

1.18 (1.02 t0 2.33)

1.05 (0.49 to 2.27)

Tocilizumab vs Adalimumab

0.79 (0.40 to 1.59)

1.24 (0.63 10 2.22)

1.15(0.23t0 5.11)

Golimumab vs Certolizumab

0.67 (0.37 to 1.23)

0.64 (0.72 to 2.15)

0.66 (0.32 to 1.35)

Abatacept vs Certolizumab

0.56 (0.33 t0 0.94)

0.61(0.34 to 1.18)

0.56 (0.24 to 1.27)

Infliximab vs Certolizumab

0.73(0.45 to 1.21)

0.75 (0.34 to 1.08)

0.72 (0.39 to 1.33)

Rituximab vs Certolizumab

1.09 (0.41 to 3.07)

0.83 (0.45 to 1.24)

0.92 (0.32t0 2.57)

Anakinra vs Certolizumab

0.66 (0.37 to 1.21)

0.64 (0.49 to 1.41)

0.67 (0.31 to 1.47)

Tocilizumab vs Certolizumab

0.49 (0.23 to 1.03)

0.67 (0.31 to 1.29)

0.74(0.14 t0 3.32)

Abatacept vs Golimumab

0.84 (0.47 to 1.48)

0.97 (0.35 to 1.27)

0.85 (0.36 to 2.00)

Infliximab vs Golimumab

1.09 (0.62 to 1.90)

1.18 (0.55 to 1.70)

1.10 (0.58 to 2.10)

Rituximab vs Golimumab

1.63 (0.59 to 4.75)

1.31(0.72t0 1.97)

1.40 (0.48 to 4.03)

Anakinra vs Golimumab

0.99 (0.52 to 1.90)

1.00 (0.78 t0 2.23)

1.03 (0.46 t0 2.31)

Tocilizumab vs Golimumab

0.73 (0.34 to 1.59)

1.06 (0.49 to 2.03)

1.14(0.22 t0 5.12)

Infliximab vs Abatacept

1.30 (0.84 to 2.08)

1.22 (0.56 to 1.98)

1.29 (0.61 to 2.79)

Rituximab vs Abatacept

1.94 (0.73 to 5.43)

1.36 (0.80 to 1.90)

1.64 (0.52t0 5.11)

Anakinra vs Abatacept

1.17 (0.67 to 2.14)

1.04 (0.85 to 2.16)

1.20 (0.49 to 3.01)

Tocilizumab vs Abatacept

0.86 (0.42 to 1.81)

1.09 (0.53 t0 2.02)

1.33(0.25 t0 6.41)

Rituximab vs Infliximab

1.49 (0.57 to 4.13)

1.11(0.61to 1.98)

1.27 (0.47 to 3.40)

Anakinra vs Infliximab

0.91 (0.53 to 1.57)

0.85 (0.75 to 1.63)

0.94 (0.46 to 1.88)

Tocilizumab vs Infliximab

0.67 (0.33 to 1.34)

0.90 (0.46 to 1.56)

1.03(0.21 to 4.45)

Anakinra vs Rituximab

0.60 (0.21 to 1.68)

0.76 (0.52 to 1.51)

0.74 (0.25 t0 2.22)

Tocilizumab vs Rituximab

0.44 (0.14 to 1.37)

0.81(0.41 to 1.44)

0.81 (0.13 to 4.45)
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Tocilizumab vs Anakinra

0.74 (0.34 to 1.60)

1.06 (0.47 to 1.39)

1.10(0.21t0 5.15)

Footnotes

*=statistically significant; OR = odds ratio; 95% Cl = 95% credible interval

Appendix 10. Pairwise treatment comparison: total adverse events - network meta-analysis MTC

Comparison

Standard Dose Model

OR (95% ClI)

Unadjusted Dose Model

OR (95% Cl)

Dose Adjusted Model

OR (95% Cl)

Adalimumab vs Etanercept

0.74 (0.36 to 1.45)

1.04 (0.51 t0 2.02)

0.72 (0.34 to 1.51)

Certolizumab vs Etanercept

0.85 (0.39 to 1.77)

1.02 (0.44 t0 2.32)

0.98 (0.48 to 1.99)

Golimumab vs Etanercept

0.90 (0.43t0 1.83)

1.03 (0.42 to 2.51)

0.96 (0.47 to 1.92)

Abatacept vs Etanercept

0.90 (0.40 to 1.94)

0.90 (0.38 to 2.10)

1.03 (0.49 to 2.16)

Infliximab vs Etanercept

1.12 (0.54 t02.22)

1.81 (0.89 to 3.68)

1.21 (0.61 t0 2.32)

Rituximab vs Etanercept

1.11 (0.31 to 3.80)

2.11(0.30to 22.4)

1.06 (0.35 to 3.19)

Anakinra vs Etanercept

1.04 (0.45t02.36)

1.26 (0.45 to 3.34)

1.15(0.53 to 2.48)

Tocilizumab vs Etanercept

0.95 (0.34 t0 2.54)

1.41 (0.43t0 4.53)

0.92 (0.37 t0 2.25)

Certolizumab vs Adalimumab

1.14 (0.60 to 2.24)

0.98 (0.43 t0 2.33)

1.37 (0.68 to 2.76)

Golimumab vs Adalimumab

1.20 (0.65 to 2.30)

1.00 (0.40 to 2.49)

1.34(0.68 t0 2.65)

Abatacept vs Adalimumab

1.22 (0.61to 2.45)

0.87 (0.37 t0 2.09)

1.44 (0.70 to 3.00)

Infliximab vs Adalimumab

1.51 (0.84 t02.76)

1.74 (0.86 to 3.70)

1.68 (0.88 to 3.20)

Rituximab vs Adalimumab

1.50 (0.45 to 4.93)

2.04 (0.30 to 22.18)

1.49 (0.50 to 4.45)

Anakinra vs Adalimumab

1.40 (0.69 to 3.00)

1.21 (0.44 t0 3.32)

1.60 (0.75 to 3.45)

Tocilizumab vs Adalimumab

1.27 (0.51 to 3.29)

1.36 (0.42 to 4.43)

1.29 (0.52 to 3.15)

Golimumab vs Certolizumab

1.06 (0.53 t02.10)

1.01 (0.35 t0 2.78)

0.98 (0.51 to 1.87)

Abatacept vs Certolizumab

1.07 (0.50 t0 2.22)

0.88 (0.33 t0 2.31)

1.06 (0.53 t0 2.11)

Infliximab vs Certolizumab

1.32 (0.68t02.53)

1.77 (0.75 to 4.22)

1.23(0.67 t0 2.25)

Rituximab vs Certolizumab

1.31 (0.38 to 4.40)

2.07(0.28 t0 23.37)

1.09 (0.37 to 3.20)
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Anakinra vs Certolizumab

1.22 (0.57t02.73)

1.23(0.40 to 3.65)

1.17 (0.57 to 2.43)

Tocilizumab vs Certolizumab

1.11 (0.42t0 2.94)

1.39(0.39 to 4.85)

0.94 (0.39 t0 2.22)

Abatacept vs Golimumab

1.01 (0.49 to 2.07)

0.87 (0.31 to 2.48)

1.08 (0.55 to 2.13)

Infliximab vs Golimumab

1.26 (0.66t02.33)

1.75(0.70 to 4.54)

1.26 (0.70 to 2.26)

Rituximab vs Golimumab

1.25 (0.36 t0 4.07)

2.05(0.27 to 24.09)

1.11(0.38 to 3.23)

Anakinra vs Golimumab

1.16 (0.55 t0 2.52)

1.22 (0.38 to 3.90)

1.19 (0.59 to 2.47)

Tocilizumab vs Golimumab

1.06 (0.41t02.74)

1.36 (0.37 t0 5.12)

0.96 (0.41 to 2.26)

Infliximab vs Abatacept

1.24 (0.65t0 2.39)

2.01 (0.87 to 4.77)

1.17 (0.63 to 2.14)

Rituximab vs Abatacept

1.23 (0.35t0 4.23)

2.35(0.32 t0 26.50)

1.03 (0.34 t0 3.11)

Anakinra vs Abatacept

1.15 (0.52 to 2.66)

1.40 (0.45 to 4.33)

1.11 (0.52 to 2.38)

Tocilizumab vs Abatacept

1.05 (0.39t0 2.8)

1.57 (0.44 t0 5.65)

0.90 (0.37 t0 2.17)

Rituximab vs Infliximab

0.99 (0.30 to 3.24)

1.16 (0.17 to 12.87)

0.88 (0.31 t0 2.51)

Anakinra vs Infliximab

0.93 (0.45t0 1.98)

0.70 (0.24 to 1.91)

0.95 (0.49 to 1.89)

Tocilizumab vs Infliximab

0.84 (0.33t02.16)

0.78 (0.24 to 2.54)

0.77 (0.34 to 1.73)

Anakinra vs Rituximab

0.93 (0.27 to 3.44)

0.59 (0.05 to 4.61)

1.08 (0.35 to 3.29)

Tocilizumab vs Rituximab

0.85 (0.21 to 3.50)

0.67 (0.05 to 5.67)

0.87 (0.25 to 2.89)

Tocilizumab vs Anakinra

0.91 (0.32 t0 2.52)

1.12 (0.29 to 4.50)

0.81 (0.32 to 1.99)

Footnotes

* = statistically significant; OR = odds ratio; 95% CI = 95% credible interval

Appendix 11. Pairwise treatment comparison: withdrawals due to adverse events - network meta-analysis MTC

Comparison

Standard Dose Model

OR (95% Cl)

Unadjusted Dose Model

OR (95% Cl)

Dose Adjusted Model

OR (95% Cl)
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Adalimumab vs Etanercept

1.04 (0.51 t0 2.02)

0.86 (0.48 to 1.49)

1.02 (0.53 to 1.91)

Certolizumab vs Etanercept

1.02 (0.44 to 2.32)

0.98 (0.49 to 1.96)

0.96 (0.44 to 2.08)

Golimumab vs Etanercept

1.03 (0.41 to 2.514)

1.07 (0.51 t0 2.19)

0.94 (0.40 to 2.20)

Abatacept vs Etanercept

0.90 (0.38 t0 2.10)

0.90 (0.45 to 1.75)

0.76 (0.33 to 1.75)

Infliximab vs Etanercept

1.81 (0.89 to 3.68)

1.72 (1.02 t0 2.91)*

1.69 (0.89 to 3.20)

Rituximab vs Etanercept

2.11(0.30 to 22.43)

1.87 (0.90 to 3.94)

1.31(0.27 to0 6.47)

Anakinra vs Etanercept

1.26 (0.45 to 3.34)

1.21(0.52 t0 2.82)

1.19 (0.47 to0 3.01)

Tocilizumab vs Etanercept

1.41 (0.43 to 4.53)

1.09 (0.52 to 2.28)

1.15(0.41t0 3.13)

Certolizumab vs Adalimumab

0.98 (0.43 t0 2.33)

1.14 (0.57 to 2.33)

0.95 (0.44 t0 2.12)

Golimumab vs Adalimumab

1.00 (0.40 to 2.49)

1.24 (0.59 to 2.58)

0.93 (0.39t0 2.22)

Abatacept vs Adalimumab

0.87 (0.37 t0 2.09)

1.05 (0.52 t0 2.08)

0.75 (0.32 to 1.76)

Infliximab vs Adalimumab

1.74 (0.86 to 3.70)

2.00 (1.17 to 3.49)*

1.66 (0.87 to 3.23)

Rituximab vs Adalimumab

2.04(0.30 t0 22.18)

2.17 (1.04 to 4.74)*

1.29 (0.26 t0 6.55)

Anakinra vs Adalimumab

1.21 (0.44 to 3.32)

1.41 (0.61 t0 3.32)

1.17 (0.46 to 3.03)

Tocilizumab vs Adalimumab

1.36 (0.42 to 4.43)

1.27 (0.60 to 2.69)

1.14 (0.41 0 3.15)

Golimumab vs Certolizumab

1.01 (0.35 to 2.78)

1.09 (0.46 to 2.51)

0.97 (0.37 to 2.57)

Abatacept vs Certolizumab

0.88 (0.33 t0 2.31)

0.91 (0.40 to 2.03)

0.79 (0.30 to 2.05)

Infliximab vs Certolizumab

1.77 (0.75 to 4.22)

1.75 (0.89 to 3.47)

1.75 (0.79 to 3.84)

Rituximab vs Certolizumab

2.07 (0.28 to 23.37)

1.89 (0.82 to 4.55)

1.36 (0.26 t0 7.27)

Anakinra vs Certolizumab

1.23 (0.40 to 3.65)

1.24 (0.48 t0 3.16)

1.24 (0.44 o 3.46)

Tocilizumab vs Certolizumab

1.39 (0.39 to 4.85)

1.11 (0.47 to 2.60)

1.20 (0.39 to 3.59)

Abatacept vs Golimumab

0.87 (0.31t0 2.48)

0.84 (0.37 to 1.94)

0.81 (0.30 to 2.24)

Infliximab vs Golimumab

1.75 (0.70 to 4.53)

1.62 (0.79 to 3.34)

1.80 (0.76 to 4.28)

Rituximab vs Golimumab

2.05 (0.27 to 24.09)

1.76 (0.73 to 4.30)

1.38 (0.26 to 7.74)

Anakinra vs Golimumab

1.22 (0.38 to 3.90)

1.14 (0.44 t0 3.02)

1.27(0.43 to 3.81)
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Tocilizumab vs Golimumab

1.36 (0.37 t0 5.12)

1.03(0.43 to 2.49)

1.23 (0.38 t0 3.95)

Infliximab vs Abatacept

2.01(0.87t0 4.77)

1.92 (1.01 to 3.71)*

2.21(0.98 to 5.09)

Rituximab vs Abatacept

2.35 (0.32 t0 26.5)

2.07 (0.91 to 4.92)

1.72 (0.32 t0 9.40)

Anakinra vs Abatacept

1.40 (0.45 to 4.32)

1.35 (0.53 to 3.47)

1.57 (0.53 to 4.68)

Tocilizumab vs Abatacept

1.57 (0.44 to 5.65)

1.22 (0.53 to 2.84)

1.51 (0.47 to 4.78)

Rituximab vs Infliximab

1.16 (0.17 to 12.87)

1.09 (0.53 to 2.26)

0.78 (0.16 to 3.85)

Anakinra vs Infliximab

0.70 (0.24 to 1.91)

0.71 (0.31 to 1.60)

0.71(0.28 to 1.80)

Tocilizumab vs Infliximab

0.78 (0.24 to 2.54)

0.64 (0.31 to 1.30)

0.68 (0.24 to 1.88)

Anakinra vs Rituximab

0.59 (0.05 to 4.61)

0.65 (0.24 to 1.68)

0.91 (0.16 t0 5.16)

Tocilizumab vs Rituximab

0.67 (0.05 t0 5.67)

0.59 (0.24 to 1.40)

0.88 (0.15 to 5.20)

Tocilizumab vs Anakinra

1.12 (0.29 to 4.49)

0.90 (0.34 to 2.41)

0.97 (0.28 t0 3.22)

Footnotes

* = statistically significant; OR = odds ratio; 95% Cl = 95% credible interval

Appendix 12. Pairwise treatment comparison: serious infections - network meta-analysis MTC

Comparison

Standard Dose Model

OR (95% CI)

Unadjusted Dose Model

OR (95% ClI)

Dose Adjusted Model

OR (95% Cl)

Adalimumab vs Etanercept

0.95 (0.38 t0 2.29)

1.06 (0.51t02.23)

1.03 (0.45 to 2.35)

Certolizumab vs Etanercept

3.68 (1.01 to 16.3)*

3.91 (1.19to 15.01)*

3.63 (1.07 to 14.16)*

Golimumab vs Etanercept

0.86 (0.28 to 2.39)

1.09 (0.46 t0 2.57)

0.89 (0.32 t0 2.36)

Abatacept vs Etanercept

0.76 (0.25 t0 2.12)

0.99 (0.43 to 2.28)

0.84 (0.31 t0 2.28)

Infliximab vs Etanercept

1.09 (0.45 to 2.56)

1.32 (0.69 t0 2.53)

0.92 (0.40 to 2.00)

Rituximab vs Etanercept

0.20 (0.02 to 1.74)

0.98 (0.50 to 1.94)

0.36 (0.11 to 1.02)

Anakinra vs Etanercept

3.15(0.80 to 14.5)

3.33 (0.95 to 14.30)

3.16 (0.87 to 13.69)
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Tocilizumab vs Etanercept

0.65 (0.13 to 3.07)

1.28 (0.51t0 3.20)

0.61 (0.15 to 2.30)

Certolizumab vs Adalimumab

3.90 (1.03 to 17.17)*

3.67 (1.12to 14.45)*

3.57 (1.03 to 14.11)*

Golimumab vs Adalimumab

0.90 (0.29 to 2.63)

1.03 (0.42 to 2.49)

0.87 (0.30 t0 2.33)

Abatacept vs Adalimumab

0.80 (0.26 t0 2.33)

0.94 (0.40to 2.16)

0.82 (0.30 to 2.30)

Infliximab vs Adalimumab

1.15(0.46 t0 2.81)

1.25 (0.64 to 2.44)

0.89 (0.39 to0 2.02)

Rituximab vs Adalimumab

0.21 (0.02 to 1.89)

0.92 (0.46 to 1.86)

0.35(0.10 to 1.02)

Anakinra vs Adalimumab

3.33(0.83 to 15.4)

3.14 (0.88 to 13.50)

3.08 (0.82 to 13.88)

Tocilizumab vs Adalimumab

0.69 (0.14 t0 3.32)

1.21 (0.47 to 3.06)

0.59 (0.14 to 2.25)

Golimumab vs Certolizumab

0.23 (0.04 to 0.97)*

0.28 (0.07 to 1.01)

0.24 (0.05 to 0.94)*

Abatacept vs Certolizumab

0.20 (0.04 to 0.86)*

0.25 (0.06 to 0.89)*

0.23 (0.05 to 0.91)*

Infliximab vs Certolizumab

0.29 (0.07 to 1.08)

0.34 (0.09 to 1.06)

0.25 (0.06 to 0.85)*

Rituximab vs Certolizumab

0.05 (0.004 to 0.59)*

0.25 (0.07 to 0.80)*

0.10 (0.02 to 0.40)*

Anakinra vs Certolizumab

0.86 (0.14 to 5.18)

0.85 (0.16 to 4.68)

0.87 (0.16 to 4.79)

Tocilizumab vs Certolizumab

0.17 (0.02 to 1.08)

0.33 (0.08 to 1.22)

0.17 (0.03 to 0.85)

Abatacept vs Golimumab

0.88 (0.26 t0 3.07)

0.91 (0.35t0 2.38)

0.95 (0.30 to 3.07)

Infliximab vs Golimumab

1.27 (0.45 to 3.81)

1.22 (0.54t02.73)

1.03 (0.39 to 2.86)

Rituximab vs Golimumab

0.24 (0.02 to 2.26)

0.90 (0.39 to 2.08)

0.40 (0.11 to 1.38)

Anakinra vs Golimumab

3.68 (0.84 to 19.96)

3.06 (0.79 to 14.64)

3.62 (0.88 to 17.70)

Tocilizumab vs Golimumab

0.75 (0.15 to 4.32)

1.17 (0.42t03.37)

0.69 (0.15 to0 2.99)

Infliximab vs Abatacept

1.44 (0.53 t0 4.07)

1.33 (0.64 t0 2.86)

1.09 (0.40 to 2.94)

Rituximab vs Abatacept

0.27 (0.02 to 2.68)

0.98 (0.45 t02.22)

0.42 (0.11 to 1.44)

Anakinra vs Abatacept

4.20 (0.96 to 22.06)

3.35 (0.902 to 15.30)

3.79/(0.90 to 19.04)

Tocilizumab vs Abatacept

0.86 (0.16 to 4.76)

1.28 (0.48 t0 3.56)

0.72 (0.16 to0 3.08)
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Rituximab vs Infliximab

0.19 (0.02 to 1.65)

0.74 (0.41to 1.34)

0.39 (0.12 to 1.15)

Anakinra vs Infliximab

2.90 (0.75 to 13.41)

2.50 (0.74to 10.50)

3.47 (0.94 to 15.64)

Tocilizumab vs Infliximab

0.60 (0.12 t0 2.88)

0.97 (0.41t0 2.28)

0.67 (0.16 to0 2.54)

Anakinra vs Rituximab

15.73 (1.42 to 238.30)*

3.40 (0.99 to 14.21)

9.04 (2.05 to 49.06)*

Tocilizumab vs Rituximab

3.20 (0.25 to 49.00)

1.31 (0.53t03.17)

1.71(0.35t0 8.37)

Tocilizumab vs Anakinra

0.20 (0.03 to 1.35)

0.38 (0.08 to 1.53)

0.19 (0.03 to 1.05)

Footnotes

* = statistically significant; OR = odds ratio; 95% Cl = 95% credible interval
FEEDBACK

Feedback from Lode Dewulf, 13 December 2011
Summary

Our feedback cannot be submitted through this website without losing the formatting of the tables and texts.

Our feedback has, however, already been submitted by email to Dr Singh (author) on Dec 1, 2011, and to Jordi Pardo Pardo (acting
managing editor) on Dec 13,2011.

It is for this feedback that I, on behalf of the author group, accept the below rules and terms of use.

With limited head-to-head data available, systematic reviews and meta-analyses have been used by clinicians and other decision makers
to assess potential differences in safety and efficacy between agents in order to guide treatment choices.

Cochrane reviews are acknowledged as one of the definitive sources of systematic reviews and provide a useful resource for practicing
physicians and reimbursement bodies. The recent Cochrane meta-analysis by Singh et al. 2011 is one of the most ambitious reviews of
biologics to date and is the first systematic assessment of the safety of the nine biologics licensed for the treatment of rheumatoid arthritis
(RA). Using a network meta-analysis approach, the authors endeavored to address the important question of whether or not there are
differences in safety outcomes between the agents. Based on the authors’ hypothesis that “most adverse events from medications are
independent of the underlying diagnoses for which the medication is being used”, safety data were pooled across a very broad patient
population including studies conducted in both rheumatological and non-rheumatological diseases. While the work conducted by Singh
et al. represents an important first attempt to compare the safety of the biologic agents using a systematic approach and raises some
important questions for further research, it is important to understand some of the potential limitations of the approach and methods
used in such a broad review.

In view of the importance given to meta-analyses for guiding treatment decisions, in this letter attention is drawn to the fact that the
conclusions made in the Singh et al. 2011 article are not in line with clinical trial data and findings from other meta-analyses and therefore
should be interpreted with caution. The authors’ conclusions relating to serious infectious events (SIEs) are discussed to illustrate a
number of important concerns relating to the methodology and assumptions made in the article. The objective is to help readers better
understand the methods employed and their potential limitations in order to avoid the risk of misinterpretation. It is hoped that this
letter will stimulate discussion and provide insights and learning for future meta-analyses to ensure that appropriate assumptions and
adjustments for confounding factors are made and that readers are able to more critically interpret findings.

Submitter conflict of interest statement:
I am currently employed as Chief Medical Affairs Officer by UCB, marketing authorization holder of certolizumab Pegol. | have no other
disclosures to make.
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Reply

We thank Dr. Dewulf for his letter and concerns raised. This network meta analysis (NMA), similar to the traditional meta-analysis (MA),
made certain assumptions, and tested those assumptions to the extent possible - heterogeneity, assessed with tau-squared; and pooling
of AEs across all diagnoses, tested with subgroup analyses by diagnosis. Given that some assumptions are needed to be made in order
to perform a NMA, why should anyone ever care to perform NMA of biologics in RA? In the last decade nine biologics to treat RA have
been launched. However, with the exception of Schiff et al., there have been no published studies that directly compare one biologic to
another. In the meantime, clinicians and patients struggle to choose between these medications. Therefore, indirect comparisons using
NMA methodology are needed to compare these biologics.

Dr. Dewulf also states that our NMA results do not agree with “clinical trial data and findings of other meta-analyses”, without referencing
any of these data and analyses, whether it be published or unpublished. Without providing the specific data and analyses, we are unable
to respond directly to this comment. However, we found consistency between our review and the published systematic reviews by
Alonso-Ruiz 2008, who reported higher withdrawal rates due to adverse events in infliximab compared to control treatment (Alonso-
Ruiz A et al. Tumor necrosis factor alpha drugs in rheumatoid arthritis: systematic review and metaanalysis of efficacy and safety. BMC
Musculoskeletal Disorders 2008;9(52):1-27.) and Wiens 2010, that reported no difference in serious infections or serious adverse events
between adalimumab, etanercept and infliximab, compared to control (Wiens A, Venson R, Correr CJ, Otuki MF, Pontarolo R. Meta-analysis
of the efficacy and safety of adalimumab, etanercept, and infliximab for the treatment of rheumatoid arthritis. Pharmacotherapy 2010
April;30(4):339-53).

The example of serious infections was cited, with a caution to interpret the findings considering the limitations. We found that certolizumab
pegol was associated with statistically significantly higher odds of serious infections compared to control, and higher odds than 5 other
biologics in indirect comparison (about 4 times higher for certolizumab). As an example of robustness of our findings, 5 sensitivity analyses
were conducted from several perspectives and we found that the OR for certolizumab pegol versus control for serious infections ranged
between 4.12 and 4.81, a statistically significant result in each instance. Similarly, for comparing biologics to each other, three sensitivity
analyses were performed, namely, a standard dose model, an unadjusted dose model and a dose-adjusted model. The significant
differences between certolizumab pegol and five other biologics in the standard dose model (main model), persisted in sensitivity analyses
in the unadjusted and dose-adjusted models for each comparison, with one minor exception of certolizumab versus golimumab, where
confidence interval crossed one (0.28, 95% CI 0.07 to 1.01) in an unadjusted dose model.

Finally, without any mention of what confounding factors should have been adjusted for, we are unable to respond to the issue of
unadjusted confounding.

We agree that like any research study, our systematic review has certain limitations. We explicitly stated these limitations in the abstract
and discussion section of our paper. However one must not overlook the strengths of our systematic review and network meta-analysis
and the robustness of its findings. We hope that this NMA will generate more interest in this topic. Advances in NMA methodology will
further advance this field in the future.
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