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Background: Biologic disease-modifying antirheumatic drugs (bDMARDs) extend the 

treatment choices for rheumatoid arthritis patients with suboptimal response or intolerance 

to conventional DMARDs. The objective of this systematic review and meta-analysis was to 

compare the relative efficacy of EU-licensed bDMARD combination therapy or monotherapy 

for patients intolerant of or contraindicated to continued methotrexate.

Methods: Comprehensive, structured literature searches were conducted in Medline, Embase, 

and the Cochrane Library, as well as hand-searching of conference proceedings and reference 

lists. Phase II or III randomized controlled trials reporting American College of  Rheumatology 

(ACR) criteria scores of 20, 50, and 70 between 12 and 30 weeks’ follow-up and enrolling 

adult patients meeting ACR classification criteria for rheumatoid arthritis previously treated 

with and with an inadequate response to conventional DMARDs were eligible. To estimate the 

relative efficacy of treatments whilst preserving the randomized comparisons within each trial, a 

Bayesian network meta-analysis was conducted in WinBUGS using fixed and random-effects, 

logit-link models fitted to the binomial ACR 20/50/70 trial data.

Results: The systematic review identified 10,625 citations, and after a review of 2450 full-text 

papers, there were 29 and 14 eligible studies for the combination and monotherapy meta-analyses, 

respectively. In the combination analysis, all licensed bDMARD combinations had significantly 

higher odds of ACR 20/50/70 compared to DMARDs alone, except for the rituximab comparison, 

which did not reach significance for the ACR 70 outcome (based on the 95% credible interval). 

The etanercept combination was significantly better than the tumor necrosis factor-α inhibitors 

adalimumab and infliximab in improving ACR 20/50/70 outcomes, with no significant differ-

ences between the etanercept combination and certolizumab pegol or tocilizumab. Licensed-dose 

etanercept, adalimumab, and tocilizumab monotherapy were significantly better than placebo 

in improving ACR 20/50/70 outcomes. Sensitivity analysis indicated that including studies 

outside the target population could affect the results.

Conclusion: Licensed bDMARDs are efficacious in patients with an inadequate response 

to conventional therapy, but tumor necrosis factor-α inhibitor combination therapies are not 

equally effective.

Keywords: bDMARD, rheumatoid arthritis, etanercept, systematic review, network meta-

analysis, comparative effectiveness
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Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune inflam-

matory disease characterized by inflammation of the syn-

ovial lining of joints, tendons, and periarticular structures,1 

which affects approximately 0.8% of the UK population.2 If 

untreated, RA leads to joint destruction, functional limita-

tion and severe disability, and has a significant impact on 

health-related quality of life.3–5 Therefore, RA imposes a sig-

nificant economic burden on health-care systems and  society 

in  general.6 Although the causes of RA are still obscure, 

research has shown that proinflammatory cytokines, such 

as tumor necrosis factor-α (TNF-α) and interleukin (IL)-6 

or IL-1 play key roles in its pathogenesis.7

Conventional disease-modifying antirheumatic drugs 

(cDMARDs) are generally offered as first-line treatments 

(most commonly methotrexate [MTX] alone, or, for active 

disease, in combination with another DMARD). Biologic 

DMARDs (bDMARDs) offer a valuable treatment alter-

native, being recommended for patients with suboptimal 

response or intolerance to cDMARDs or where continued 

cDMARD therapy is contraindicated.8,9

A number of bDMARDs have been licensed for such 

use in the EU. TNF-α inhibitors include etanercept, adali-

mumab, infliximab, certolizumab pegol, and golimumab. 

In combination with MTX, the TNF-α inhibitors are each 

indicated for the treatment of moderate to severe active RA 

in adults when the response to DMARDs, including MTX, 

has been inadequate. In addition, adalimumab, etanercept, 

and certolizumab pegol are licensed as monotherapy in those 

patients intolerant of MTX or for whom continued MTX is 

inappropriate.

The costimulatory inhibitor abatacept and the anti-IL-6 

therapy tocilizumab, in combination with MTX, are licensed 

for moderate to severe active RA in adults responding inad-

equately to previous therapy with one or more cDMARDs 

including MTX or a TNF-α inhibitor. Tocilizumab is also 

licensed as monotherapy in patients intolerant of MTX or 

for whom continued MTX is inappropriate. In addition, the 

anti-B-cell therapy rituximab, in combination with MTX, is 

licensed in adult patients with severe active RA with inad-

equate response or intolerance to other DMARDs including 

one or more TNF-α inhibitors.

The objective of this systematic review was to compare 

the clinical efficacy of EU licensed-dose bDMARD combina-

tions for the treatment of adult RA patients after failure on 

one or more DMARDs, where efficacy was measured using 

American College of Rheumatology (ACR) response end 

points from randomized controlled trials (RCTs). A network 

meta-analysis (NMA) was performed to pool RCT evidence 

for bDMARDs via common control treatments (eg, MTX 

control), to provide estimates of relative treatment effects. 

The rationale for this approach was that there are few tri-

als comparing bDMARDs head-to-head. Therefore, NMA 

can support inferences to the target RA population, as all 

the available evidence from relevant RCTs are used in the 

analysis.

As bDMARD monotherapies are used in a different part 

of the treatment pathway, ie, in a population intolerant of 

MTX or for whom continued MTX is inappropriate, a sepa-

rate analysis of bDMARD monotherapies was performed.

Methods
The methods used for the review and meta-analysis of com-

bination therapy are the same as for monotherapy, except 

where otherwise stated.

Systematic review
Study eligibility criteria
A protocol was written to define all aspects of the system-

atic review prior to commencement. The inclusion criteria 

are shown in Table 1. As the data used in a meta-analysis 

should be from sufficiently similar studies and outcomes to 

make the results meaningful and to reduce the influence of 

confounding factors, included studies had to report sufficient 

data for the ACR 20, 50, or 70 response to treatment end point 

(defined as a 20%, 50%, or 70% improvement in tender and 

swollen joints and the same level of improvement in three 

of the five following variables: patient and physician global 

assessments of overall disease activity; patient evaluation of 

pain (pain health assessment questionnaire [HAQ]10); a score 

of physical disability; and blood acute-phase reactants). End 

points needed to be measured between 12 and 30 weeks 

from baseline. Studies in which more than 15% of patients 

had had previous TNF-α inhibitor treatment were excluded, 

because this population was more extensively pretreated 

and considered likely to be less responsive than the TNF-α 

inhibitor-naïve population. Studies were not restricted by 

date of publication or publication status.

Data extraction
The data sources to identify published RCTs and ongoing 

(as yet unpublished) RCTs included:

•	 Electronic databases accessed via OVID and the Cochrane 

Library: Medline in process and Medline 1950 to pres-

ent; Embase 1980 to 2010 week 23 and 1980 to 2011 

week 14; the Cochrane Library (Cochrane Database of 
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Systematic Reviews, Database of Abstracts of Reviews 

of Effects, Cochrane Central Register of Controlled Tri-

als, and Health Technology Assessment Database). The 

original search was conducted June 17, 2010. The same 

search was rerun April 15, 2011 to identify any studies 

entered into the databases from June 1, 2010.

•	 Hand-searching of reference lists of included RCTs.

•	 Hand-searching of RCTs included in previously con-

ducted systematic reviews/meta-analyses11,12 and the 

Cochrane reviews on bDMARDs.13–19

•	 Reviewing the Canadian Agency for Drugs and Technolo-

gies in Health therapeutic review.20

•	 The following conference proceedings were searched 

(2005–10): ACR, European League Against Rheumatism, 

and the British Society for Rheumatology.

•	 The US Institutes of Health online registry and results 

database of clinical trials21 was searched to identify ongo-

ing studies.

The structured database search strings were designed to 

identify RCTs or systematic reviews indexed on Medline, 

and these strings were then modified for performing searches 

of Embase and the Cochrane Library to account for differ-

ences in syntax and thesaurus headings. Searches included 

terms for free text and Medical Subject Heading (MeSH) 

terms to identify RCTs of RA patients taking DMARDs or 

bDMARDs.

One reviewer screened the title and abstract of studies 

identified against the eligibility criteria. Full-text papers were 

then assessed to ensure studies met the criteria or for those 

studies where eligibility could not be determined from the 

title/abstract. Any uncertainties as to eligibility were referred 

to a second reviewer and resolved by consensus. Data were 

extracted from eligible publications into a predefined data-

extraction table by one reviewer and verified by a second.

Table 1 Summary of inclusion criteria for the systematic review and meta-analysis

Study design Phase II or III prospective, randomized controlled trials with at least one treatment arm containing a bDMARD 
combination therapy or bDMARD monotherapy

Population Adult patients ($18 years) meeting the ACR classification criteria for rheumatoid arthritis
Previously treated with MTX or other DMARD
#15% of patients previously treated with TnF-α inhibitors

Interventions Any bDMARD licensed in the EU
Studies needed to include at least one treatment arm of bDMARD in combination with a DMARD or as a monotherapy
no restrictions to drug dose or formulation, mode of delivery or duration of treatment

Comparators DMARD (combination analysis) or placebo (monotherapy analysis)
Other comparators where needed to connect the network or preserve randomization

Outcomes ACR 20/50/70 response rate to treatment (defined as a 20%, 50%, or 70% improvement in the ACR score)
Outcome reported between 12 and 30 weeks of follow-up

Language of publication non-English full-text papers were excluded, but English abstracts of non-English full-text papers were included

Abbreviations: ACR, American College of Rheumatology; bDMARD, biological disease-modifying antirheumatic drug; DMARD, disease-modifying antirheumatic drug; 
MTX, methotrexate; TnF-α, tumour necrosis factor-alpha.

The data items collected included patient (average age, 

percentage female, disease duration, baseline severity of 

RA, MTX- or other DMARD-exposure and TNF-α expo-

sure), intervention (treatment(s) received, dosage and dose 

schedule), study (study blinding and country(ies), number 

of patients randomized, follow-up period, frequency of with-

drawals), and outcome (ACR 20/50/70) level parameters.

Quality assessment
Risk of bias was assessed using criteria set out in the National 

Institute for Health and Clinical Excellence (NICE) guidelines 

manual.22 For studies included in the meta-analysis, a formal 

assessment of publication bias was conducted via funnel plots 

with Egger’s linear regression test of asymmetry.23,24

Meta-analysis methodology
For this meta-analysis, the study arms were pooled into treat-

ment groups; we were interested in those study arms where the 

intervention was used in accordance with the EU license, since 

these are the treatments used in clinical practice. Therefore, 

the treatments of interest for therapy in DMARD-experienced 

patients are licensed bDMARD combinations plus common 

control arms used to connect the network (Table 2).

In a separate analysis we considered a population of 

patients who are intolerant of MTX or for whom MTX is 

contraindicated; the treatments of interest here are licensed 

bDMARD monotherapies plus common control arms used to 

connect the network (Table 2). As other cDMARDs may be 

used as monotherapy if MTX is contraindicated, sulfasalazine 

is also a treatment of interest in the monotherapy analysis. 

Other control arms were included in the evidence networks 

to preserve randomization as well as other unlicensed arms. 

The results for these unlicensed treatments have been omitted 

from this publication.
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The analyses of the ACR 20/50/70 outcomes were 

conducted on an intent-to-treat (ITT) basis, or modified 

ITT (number actually receiving treatment at baseline) if the 

number randomized to treatment is not reported. An ITT 

analysis requires imputing outcomes for the missing par-

ticipants, although there is no overall consensus on how to 

do this;25 for the ACR 20/50/70 outcomes, it is assumed that 

missing participants did not achieve the required improve-

ment (ie, a worst-case scenario).

Direct and indirect meta-analysis
A fixed and random-effects meta-analysis was conducted 

in Stata IC version 11.2 using the Metan package SJ9_2: 

sbe24_3 (StataCorp, College Station, TX).26,27 The random-

effects analysis used the method of DerSimonian and Laird, 

with the estimate of heterogeneity taken from the Mantel–

Haenszel model. The fixed-effect analysis used the Mantel–

Haenszel method. For binomial data analysis, if a study 

contains a zero observation (eg, no patients achieved ACR 

70), Stata adds 0.5 to each cell of the trial by default.

Indirect comparisons between treatment (A) and other 

treatments of interest (B) via a common comparator (C) were 

made using the Bucher method28,29 and the pooled odds ratio 

(OR) produced from the direct meta-analysis.

network meta-analysis
In an NMA, treatment effects are calculated for all treat-

ments using all available evidence in one simultaneous 

analysis.30–32 NMA methods build on the principles of indirect 

comparisons28,29 and preserve the randomized comparisons 

within each trial.

The models were fitted to the data using Bayesian Markov 

chain Monte Carlo methods (specifically Gibbs sampling), 

using WinBUGS software version 1.4.3.33–35 WinBUGS code 

for NMA of dichotomous and standard Bayesian random-

effects meta-analysis was adapted from code developed by 

the MRC Biostatistics Unit36 and the NICE Decision Sup-

port Unit.37

The WinBUGS models were run for a minimum 

of 100,000 iterations to ensure model convergence. 

 Subsequently, two chains of 20,000 were sampled from the 

posterior distributions. These samples were used to calcu-

late the median/mean and where relevant the 95% credible 

interval (CrI), which is the interval from percentiles 2.5 to 

the 97.5. For treatment effects, medians are presented as the 

best estimate for the central value, since means may be overly 

influenced by outliers.

Analysis of baseline risk
To calculate the absolute probability of responding to each 

treatment, we first conducted a standard direct random-effects 

meta-analysis that pooled data on the log-odds (or mean 

difference from baseline) of responding to the reference 

control treatment. The reference treatment is chosen to be 

the control that has the most data available, ie, the DMARD 

control in this analysis. The (mean and standard deviation) 

pooled log-odds (or mean differences) of responding to the 

reference treatment were then used as priors in the main 

NMA to inform the calculation of the absolute efficacy of 

each treatment.38

Analysis of treatment effects
For dichotomous end points, such as ACR 20/50/70, the 

NMA calculates the ORs for all treatments compared with 

other treatments. The base case models were random-effects 

models; fixed-effect models were used as sensitivity analyses. 

Random-effects NMA differs from fixed-effect NMA in 

that it allows the true treatment effect (eg, OR between two 

treatments) to vary between studies due to heterogeneity. 

In these random-effects models, a uniform (uninformative) 

prior is used for the between-studies standard deviation (as 

per Hasselblad39 and Gelman40).

For the ACR 70 outcome, some studies reported zero 

events in the DMARD control arm, requiring a continuity 

correction to be applied. A fixed value of 0.5 was added to 

the numerator (and 1 to the denominator) for all arms of 

the affected trial.37,41 The fixed-value correction overcomes 

computational errors, but it biases study estimates towards 

no difference and overestimates variances. Biases will be 

more apparent in trials where the treatment arms are of 

unequal effect.

Table 2 Active licensed treatment arms of interest

Combination therapy Abatacept 10 mg/kg/4 weeks + MTX
Adalimumab 40 mg/2 weeks + MTX
Certolizumab pegol 200 mg/2 weeks + MTX
Etanercept 2 × 25 mg/week + MTX
Golimumab 50 mg/4 weeks + MTX
Infliximab 3 mg/kg/8 weeks + MTX
Rituximab 2 × 1000 mg + MTX
Tocilizumab 8 mg/kg/4 weeks + MTX
Controls – DMARD monotherapy  
(= MTX or sulfasalazine)

Monotherapy Adalimumab 40 mg/2 weeks
Certolizumab pegol 200 mg/2 weeks
Etanercept 2 × 25 mg/week
Tocilizumab 8 mg/kg/4 weeks
Control (= placebo or sulfasalazine)

Abbreviations: DMARD, disease-modifying antirheumatic drug; MTX, methotrexate.
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Covariate analysis
Covariate analyses were conducted to explore potentially 

confounding factors. We conducted a study-level covariate 

analysis to take into account the following differences in 

study protocols (DMARD-experienced analysis): (1) Length 

of follow-up: the model included a study level continuous 

variable to adjust for the time point at which the response 

was measured (in weeks). Xweeks is a covariate centered 

at mean follow-up across the included studies, such that 

the coefficient βweeks estimates the incremental difference 

in (log) treatment effect for each week above/below the 

average follow-up across studies. (2) Studies where MTX 

was administered at a low dose: the Japanese maximum 

dose of 8 mg/week was used as a cutoff (Xmtx = 1 if study 

population received MTX within the normal dose range 

[maximum dose more than 8 mg/week]; 0 otherwise). The 

coefficient βmtx estimates the incremental (log) treatment 

effect between low-dose concomitant MTX and normal-dose 

concomitant MTX.

We conducted an additional covariate analysis to take into 

account the following study-arm level differences in patient 

characteristics: (1) average age at baseline, and (2) average 

disease duration at baseline. This covariate model included 

these continuous variables to adjust for differences in patient 

age and disease duration (in years) across study arms. Xage 

and Xduration are covariates centered at mean age and 

 disease duration, respectively, such that the coefficient βage 

and βduration estimate the incremental difference in the (log) 

treatment effect for each year above/below the average age 

or disease duration across study arms.

Subgroup analyses
The following additional analyses were conducted for com-

bination therapy:

1. As base case, but remove studies that included MTX-

naïve patients, ie, subgroup is the MTX-experienced 

population. The studies removed for this analysis were 

Combe et al42 and Genovese et al.43

2. As base case, but remove the certolizumab trials RAPID 

1 and RAPID 2,44,45 on the basis of study design/pattern 

of withdrawals where many trial participants, particularly 

those randomized to the MTX control arm, were with-

drawn early because of lack of efficacy and given rescue 

medication prior to the primary end point at week 24 being 

reached. Week 16 withdrawals in RAPID 1: 62.8% placebo, 

21.1% certolizumab 200 mg, 17.4% certolizumab 400 mg. 

Week 16 withdrawals in RAPID 2: 81.1% placebo, 21.1% 

certolizumab 200 mg, 21.1% certolizumab 400 mg.

3. As base case, but remove open-label etanercept trials of 

Kameda et al46 and van Riel et al47 and the etanercept trial 

with the early escape design of Genovese et al.48

4. As base case, but remove studies that contain (up to 15% 

of) patients who are TNF-α inhibitor-experienced, in 

addition to being MTX-experienced. These studies were: 

Genovese et al,43 Keystone et al,44 Kremer et al,49,50 Maini 

et al,51 Smolen et al,45,52 and Zhang et al.53 The rationale is 

that these patients have had more previous treatments.

5. As base case, but include data from the Klareskog et al 

trial1,54 at 24 weeks. This trial is not representative of 

the inadequate responder population required by the 

systematic review selection criteria, as some of the 

population enrolled were MTX-naïve. Some previous 

meta-analyses have included this study, however, so its 

influence is examined here by including it in a sensitivity 

analysis. Data for this analysis were 24-week data from 

the unpublished clinical study report.55

Sensitivity analysis for monotherapy was conducted as 

follows: as base case, but include data from the TEMPO trial 

(24-week data from the unpublished clinical study report55). 

Subset analysis was not conducted: removing studies in 

MTX-naïve or TNF-α-experienced populations from the 

base case would leave too few remaining studies.

Model fit
The mean residual deviances provided an estimate of how 

well the values predicted by the model fit the observed 

dataset.56 For an adequate model fit, the sum of the residual 

deviances should be approximately equal to the total number 

of study arms in the observed dataset. In addition the devi-

ance information criterion (DIC) output by WinBUGs57 was 

recorded. The model with the lowest DIC is estimated to be 

the model that would best predict a replicate dataset of the 

same structure as that currently observed.

Consistency of nMA estimates
An informal assessment of consistency was performed by 

comparing the treatment effects estimated via the NMA 

against the pair-wise direct meta-analysis results and results 

of the indirect Bucher analysis to identify potential discrepan-

cies between the results from the different methods.

Furthermore, the network diagrams were examined to 

determine the number of independent loops in the network of 

evidence for which inconsistency in the evidence could occur.38 

Disregarding loops that occur solely from a multi-arm trial 

(since within-trial treatment effects are not independent), the 

size of any inconsistency was determined for each  independent 
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loop using the Bucher method28,29 and the Z-test (or chi-squared 

test if one edge of the loop is shared with other loops) to 

determine if the inconsistency was statistically significant.

Results
Literature search results
A total of 10,616 potentially relevant records were identified, 

excluding duplicates from the original search, of which 8175 

were excluded on screening the title and abstract. On application 

of the inclusion criteria to the 2441 full-text papers, a further 

2415 were excluded. Nine additional studies were identified 

from the updated search. Thirty-seven publications were 

included; 23 assessing combination therapy only43–45,48–50,52,53,58–72 

eight monotherapy only,73–80 and six monotherapy in addi-

tion to combination-therapy arms42,46,47,51,81,82 (Figure 1).

Systematic review results  
for combination studies
Of the 29 studies with at least one combination-therapy 

arm (Figure 2) three assessed abatacept,49,66,69 f ive 

adalimumab,59,62,64,65,71 two certolizumab pegol,44,45 six 

etanercept,42,46–48,67,70 three golimumab,50,63,82 six infliximab 

(one of which had an abatacept arm also, providing the only 

head-to-head comparison),53,58,60,68,69,72 two rituximab,61,81 

and three tocilizumab.43,51,52 All studies utilized licensed 

doses, with the exception of one golimumab study.50

Total number of records identified: 13,647  
Embase: 7413 

Medline/Medline in process: 4534 
Cochrane: 1700 

Duplicates removed: 3031  

Number of records screened by full paper:
2441 

Included in systematic review: 
37 RCTs 

Combination therapy: 23 
Combination and monotherapy: 6 

 Monotherapy: 8 

Excluded by title/abstract: 
8175 

Animal/in vitro studies: 25 
Incorrect disease: 2845 

Non-English: 256 
Outcome of no relevance: 227 

Patient population: 324 
Review/editorial: 1944 

Study design: 579 
Treatment: 1244 
Duplicate: 731 

Excluded on basis of full paper: 2413 
Nonrandomized studies: 2090 

Not all patients had previous DMARD: 4 
More than half population MTX-naïve: 1 

(TEMPO) 
Treatment naïve: 1 

MTX-naïve: 8 
Previous TNF-α inhibitor: 10  

May have had previous bDMARD other than 
TNF-α inhibitor: 1  

Single infusion or two infusions only: 2 
Intra-articular ETN: 1 

Mixed-therapy type (combination and 
monotherapy): 3 

Data not in 12- to 30-week range: 5 
No relevant ACR/HAQ data recorded 

(Paulus scale used): 1 
Data only reported in graph: 1 

Later publications of original RCT with data 
outside 12- to 30-week range: 46 

Small sample size: 1 
Other: 238 

Included: 9
Updated search (April

2011) 

Figure 1 Flow diagram of included/excluded studies.
Abbreviations: ACR, American College of Rheumatology; bDMARD, biological disease-modifying anti-rheumatic drug; DMARD, disease-modifying anti-rheumatic drug; 
ETn, etanercept; HAQ, Health Assessment Questionnaire; MTX, Methotrexate; RCT, randomized controlled trial; TEMPO, Trial of Etanercept and Methotrexate with 
radiographic Patient Outcomes; TnF-α, tumour necrosis factor alpha.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

434

Orme et al

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Biologics: Targets and Therapy 2012:6

Study and patient characteristics are summarized in 

Table 3. The majority of RCTs were double-blind, three 

being open-label.46,47,60 In total the included studies ran-

domized 11,490 patients. Included patients had active RA 

in spite of prior treatment with a DMARD. Not all studies 

reported baseline disease activity score (DAS). Of those 

that did, 13 involved populations with more severe RA: 

eleven trials had a mean or median baseline DAS28 of 5.9 or  

above,44,45,47,51,52,59,61,66,69,81,82 and in two trials of either abatacept 

or infliximab, the authors noted the particularly severe or 

active nature of disease in the study population.49,68 In two 

trials involving either etanercept or infliximab, the mean 

baseline DAS28 was between 5.0 and 5.2,42,72 indicating 

that the population would have included some patients with 

severe RA and others with more moderate-severity disease. 

The definition of “active RA” was inconsistent across studies, 

with some requiring $ six tender joints and $six swollen 

joints, whilst others required $ twelve tender joints and $ten 

swollen joints. One study of infliximab in particular may 

have enrolled patients with less active RA, as its definition of 

active RA included having $ eight tender joints and only $ 

three swollen joints.53 In most trials, the patient population 

was anti-TNFα inhibitor-naïve. Patients had a mean age of 

between 48 and 58 years and had on average suffered from 

RA for 5–10 years (around 9 months in Maini et al51 and 

13 years in Weinblatt et al71). These trials were, therefore, 

broadly representative of the population of interest, namely, 

adult patients with moderate–severe active RA, previously 

treated with (and with insufficient response to) MTX or 

another DMARD, irrespective of disease duration.

The risk of bias, as assessed by NICE criteria, was consid-

ered low for the majority of included studies. For five stud-

ies, the risk of bias was unclear,50,53,59,61,67 due to incomplete 

reporting. Only the study by van Riel et al47 was considered 

to have a high risk of bias, as there was no concealment of 

treatment allocation (and several other parameters were 

unclear).

Data for the ACR 20/50/70 end points are presented in 

Table 4. The follow-up period was 24 weeks in 18 of the 

29 trials,42–46,48–50,52,61,62,64–66,70,71,81,82 ranging from 12 weeks59,67 

to 30.68 Figures 3–5 show funnel plots for ACR 20/50/70, 

respectively, for all studies with DMARD control arm used 

in the combination-therapy meta-analysis. An asymmetrical 

funnel plot suggests publication bias or systematic difference 

between smaller and larger studies, and might therefore sug-

gest that simple meta-analysis of the dataset was not appro-

priate. Funnel plots also highlight outlier studies, where the 

control-arm response is either particularly high (leading to 

an underestimate of the active treatment effect by compari-

son) or particularly low (leading to an overestimate of the 

active treatment’s relative effect).23,24 For ACR 20, there is 

a good, symmetrical spread of control responses either side 

Abatacept 10 mg/kg/4
weeks + DMARD

Adalimumab 40 mg/2
weeks + DMARD Certolizumab pegol

200 mg/2 weeks + DMARD

Golimumab 50 mg/4
weeks + DMARD

Other (combinations that
include a bDMARD

at an unlicensed dose)

Tocilizumab 8 mg/kg/4
weeks + DMARD

Rituximab 2 × 100 mg + 
DMARD

Pulse methyI + DMARD Etanercept
2 × 25 mg/week

Etanercept
2 × 25 mg/week + DMARD

Infliximab 3 mg/kg/8
weeks + DMARD

DMARD

Etanercept 2 × 25 mg/week
+ anakinra + DMARD

16, 17, 22

8, 21, 23

5, 6

4

1, 20, 22, 28, 29
3, 19, 26

2, 9, 12, 15, 27
13, 24

11, 14

3, 10, 25 7

7

1, 5, 6, 9, 11, 12, 13, 14, 16, 18, 20, 21, 23, 24, 27, 28 

Figure 2 network diagram for ACR20/50/70 outcomes for bDMARD combination therapies.
Notes: 1, Abe 2006; 2, Chen 2009; 3, Combe 2006; 4, Durez 2004; 5, Edwards 2004; 6, Emery 2010 (SEREnE); 7, Genovese 2004; 8, Genovese 2008 (TOWARD); 
9, Huang 2009; 10, Kameda 2010 (JESMR); 11, Kay 2008; 12, Keystone 2004 (DE019); 13, Keystone 2008 (RAPID 1); 14, Keystone 2009 (GO-FORWARD); 15, Kim 2007; 
16, Kremer 2003; 17, Kremer 2006 (AIM); 18, Kremer 2010; 19, Lan 2004; 20, Maini 1999 (ATTRACT); 21, Maini 2006 (CHARISMA); 22, Schiff 2008 (ATTEST); 23, Smolen 
2008 (OPTIOn); 24, Smolen 2009a (RAPID 2); 25, van Riel 2006 (ADORE); 26, Weinblatt 1999; 27, Weinblatt 2003 (ARMADA); 28, Westhovens 2006b (START);  
29, Zhang 2006. DMARD 25 arms, 3039 patients; abatacept 10 mg/kg/4 weeks + DMARD 3 arms, 704 patients; adalimumab 40 mg/2 weeks + DMARD 5 arms, 495 patients; 
certolizumab pegol 200 mg/2 weeks + DMARD 2 arms, 639 patients; etanercept 2 × 25 mg/week + DMARD 6 arms, 500 patients; golimumab 50 mg/4 weeks + DMARD 
2 arms, 124 patients; infliximab 3 mg/kg/8 weeks + DMARD 6 arms, 760 patients; rituximab 2 × 1000 mg + DMARD 2 arms, 212 patients; tocilizumab 8 mg/kg/4 weeks + 
DMARD 3 arms, 1058 patients.
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of the mean response (Figure 3). RAPID 1,44 RAPID 2,45 

TOWARD,43 and ARMARDA71 may underestimate the 

log-odds of ACR 20 response in the control arm, and hence 

overestimate the treatment effects (Figure 3). Conversely, 

AIM,66 ATTEST,69 Huang et al,62 and Zhang et al53 may over-

estimate the log-odds of ACR 20 response in the control arm, 

and hence underestimate the treatment effects (Figure 3). For 

ACR 50, there is a reasonable spread of control responses 

either side of the mean response (Figure 4). RAPID 1,44 

RAPID 2,45 TOWARD,43 and ATTRACT68 may overestimate 

treatment effects, and CHARISMA,51 ATTEST,69 Huang 

et al,62 and Zhang et al53 underestimate them (Figure 4). For 

ACR 70, the spread of control responses is asymmetrical in 

the direction of lower-than-expected responses (Figure 5). 

OPTION52 and TOWARD43 may overestimate treatment 

effects, whereas CHARISMA,51 Huang et al,62 and Zhang 

et al53 may underestimate them (Figure 5).

Meta-analysis results for combination-
therapy analysis
The results from the NMA are shown in Table 5 (comparison 

versus DMARD control), with comparisons of etanercept 

versus other licensed bDMARDs in Table 6.

The random-effects model did not show a significant dif-

ference in ACR 70 for rituximab 2 × 1000 mg + DMARD 

compared to DMARD alone. Otherwise, all licensed 

bDMARD combinations have significantly higher odds of 

ACR 20/50/70 compared to DMARDs alone (based on the 

95% CrI, Table 5).

The etanercept combination was significantly better than the 

other TNF-α inhibitors, adalimumab, and infliximab in improv-

ing ACR 20/50/70 outcomes (based on the 95% CrI, Table 6). 

The etanercept combination was also significantly better than 

abatacept in improving ACR 20/50/70 outcomes, significantly 

better than golimumab in improving ACR 20 and rituximab in 

improving ACR 70 (based on the 95% CrI, Table 6). There were 

no significant differences between the etanercept combination 

and certolizumab pegol or tocilizumab.

Regarding model selection, there were sufficient studies 

for random-effects models to be used. The base case NMA 

models displayed good convergence, and for all outcomes the 

random-effects model had the best fit based on lowest DIC 

and mean residual deviance (the sum of the residual deviances 

divided by the total number of study arms in the observed 

data set) (Table 7). For ACR 70 data, a continuity correc-

tion was applied in order to account for several instances of 

zero events in the control arms for this outcome. Between 

study heterogeneity, as shown by the standard  deviation in T
ab
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Figure 3 Funnel plot comparing the log odds of response across combination study control arms: log odds of DMARD control achieving ACR20.
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Figure 4 Funnel plot comparing the log odds of response across combination study control arms: log odds of DMARD control achieving ACR50.

 treatment effects between studies (Table 7) was quite high 

among studies in the network (ACR 20 standard deviation 

[SD] on a logarithmic scale = 0.31, ACR 50 SD = 0.40, and 

ACR 70 SD = 0.50). This suggests that the predicted dif-

ference on a natural scale between a study’s OR estimate 

and our NMA estimate may vary (between upper and lower 

limits) by 3.44 for ACR 20, 4.84 for ACR 50, and 7.23 for 

ACR 70. There is, therefore, greater uncertainty around the 

ACR 70 results than around ACR 50 or ACR 20.

The NMA results compare well with the direct head-

to-head analysis (Table S1, Table 5) and with the Bucher 

indirect comparisons (Table S2, Table 6), though no formal 

test of consistency could be conducted, due to there being no 

independent loops of evidence. The NMA has a wider CrI 

compared to direct estimates from head-to-head trials: the 

lower bounds are similar, but the NMA estimates a much 

higher upper bound. Similarly, there is more uncertainty 

(in favor of etanercept) in the NMA estimates of etanercept 
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Figure 5 Funnel plot comparing the log odds of response across combination study control arms: log odds of DMARD control achieving ACR70.

 versus the other licensed combinations compared to the esti-

mates obtained from the Bucher indirect comparison.

Table 8 shows the results of the study-level covariate analy-

sis, which estimates the treatment effects taking into account the 

impact of low-dose MTX (maximum dose less than 8 mg/week) 

and length of follow-up for reporting the ACR outcomes. A low 

dose of background MTX did not have a statistically significant 

impact on ACR 20/50/70, and length of follow-up did not have 

a statistically significant impact on ACR 20 or ACR 50. The 

βmtx coefficient was statistically significant in the analysis of 

ACR 70 outcomes (based on the 95% CrI, Table 8), such that a 

longer length of follow-up was associated with higher odds of 

ACR 70 response. However, this single significant result should 

be viewed with caution, since the criteria for significance (type 

I error, the probability of rejecting the null hypothesis when it is 

true – , 5%) does not take into account multiple significance 

testing, ie, no correction for multiple testing was applied, and 

no reduction in the criteria for significance (to 1%, for example) 

was made to keep the type I error to a minimum, and as such 

this result could have occurred by chance.

In an additional covariate analysis of patient characteristics 

(at study-arm level), longer disease duration was associated 

with higher odds of ACR 50 and higher patient age with higher 

odds of ACR 70. Otherwise, age and disease duration were 

not statistically significant (Table S3). As the base case and 

covariate odds ratios for each treatment are not largely differ-

ent, our conclusion regarding the differential effectiveness of 

etanercept vs adalimumab or infliximab remains unaltered.

The results of the pr-defined sensitivity analyses are 

shown in Table S4. Removing the RAPID 1/2 or TNF-α-

exposed trials had very little impact on the treatment-effect 

estimates. Removing the etanercept studies had very little 

impact on the treatment-effect estimates for etanercept for 

ACR 50 and 70 outcomes, but lowered the treatment-effect 

estimates for etanercept and certolizumab for ACR 20. The 

inclusion of the TEMPO study lowered the treatment-effect 

estimates for etanercept for ACR 20/50/70.

Systematic review results  
for monotherapy studies
Fourteen studies qualified for inclusion in the analysis 

of bDMARD monotherapy (Figure 6): two studies with 

a licensed-dose adalimumab arm,74,78 plus one additional 

study with nonlicensed adalimumab arms,79 five trials 

including licensed-dose etanercept,42,46,47,73,75 plus one addi-

tional study including nonlicensed etanercept,80 and three 

studies including licensed tocilizumab.51,76,77 There were two 

 additional studies that included only nonlicensed rituximab 

and golimumab arms.81,82 There were no studies included 

in the review that assessed a certolizumab monotherapy 

arm: the FAST4 WARD trial83 was excluded on the basis 

that patients may have had a prior bDMARD (other than 

TNF-α).

Study characteristics and patient characteristics are 

summarized in Table 9. All studies were double-blind, with 

the exception of two that were open-label.46,47 The range of 
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Table 6 American College of Rheumatology (ACR) criteria scores of 20, 50, and 70 network meta-analysis base case results for combination 
treatments in DMARD-experienced patients: licensed ETn combination versus other licensed biologic DMARD combination

Treatment Control Fixed effects 
OR v control (95% CrI)

Random effects 
OR v control (95% CrI)

ACR 20  
ETn 2 × 25 mg/week + DMARD ABA 10 mg/kg/4 weeks + DMARD 2.715 (1.521, 4.956)‡ 2.858 (1.306, 6.815)‡

ETn 2 × 25 mg/week + DMARD ADA 40 mg/2 weeks + DMARD 2.53 (1.405, 4.742)‡ 2.72 (1.235, 6.357)‡

ETn 2 × 25 mg/week + DMARD CZP 200 mg/2 weeks + DMARD 0.836 (0.437, 1.613) 0.846 (0.341, 2.173)

ETn 2 × 25 mg/week + DMARD GOL 50 mg/4 weeks + DMARD 2.546 (1.235, 5.249)‡ 2.759 (1.066, 7.88)‡

ETn 2 × 25 mg/week + DMARD InF 3 mg/kg/8 weeks + DMARD 2.651 (1.509, 4.791)‡ 2.786 (1.299, 6.301)‡

ETn 2 × 25 mg/week + DMARD RTX 2 × 1000 mg + DMARD 2.48 (1.278, 4.958)‡ 2.521 (0.966, 6.711)

ETn 2 × 25 mg/week + DMARD TOC 8 mg/kg/4 weeks + DMARD 1.987 (1.115, 3.602)‡ 2.121 (0.959, 5.107)
ACR 50  
ETn 2 × 25 mg/week + DMARD ABA 10 mg/kg/4 weeks + DMARD 2.871 (1.395, 6.523)‡ 3.07 (1.161, 8.969)‡

ETn 2 × 25 mg/week + DMARD ADA 40 mg/2 weeks + DMARD 2.625 (1.249, 6.101)‡ 2.882 (1.082, 8.347)‡

ETn 2 × 25 mg/week + DMARD CZP 200 mg/2 weeks + DMARD 1.144 (0.492, 2.847)‡ 1.143 (0.358, 3.715)

ETn 2 × 25 mg/week + DMARD GOL 50 mg/4 weeks + DMARD 2.264 (0.924, 5.999)‡ 2.277 (0.672, 7.943)

ETn 2 × 25 mg/week + DMARD InF 3 mg/kg/8 weeks + DMARD 2.896 (1.426, 6.583)‡ 3.098 (1.186, 8.671)‡

ETn 2 × 25 mg/week + DMARD RTX 2 × 1000 mg + DMARD 2.662 (1.109, 6.817)‡ 2.714 (0.826, 9.174)

ETn 2 × 25 mg/week + DMARD TOC 8 mg/kg/4 weeks + DMARD 1.759 (0.849, 4.018) 2.068 (0.766, 6.284)
ACR 70†  
ETn 2 × 25 mg/week + DMARD ABA 10 mg/kg/4 weeks + DMARD 5.405 (1.348, 39.22)‡ 5.278 (1.016, 46.3)‡

ETn 2 × 25 mg/week + DMARD ADA 40 mg/2 weeks + DMARD 4.826 (1.171, 34.53)‡ 5.45 (1.07, 45.914)‡

ETn 2 × 25 mg/week + DMARD CZP 200 mg/2 weeks + DMARD 1.661 (0.329, 13.06) 1.636 (0.244, 14.84)

ETn 2 × 25 mg/week + DMARD GOL 50 mg/4 weeks + DMARD 4.055 (0.796, 31.279) 4.312 (0.604, 48.757)

ETn 2 × 25 mg/week + DMARD InF 3 mg/kg/8 weeks + DMARD 5.395 (1.358, 38.16)‡ 5.642 (1.126, 48.13)‡

ETn 2 × 25 mg/week + DMARD RTX 2 × 1000 mg + DMARD 7.924 (1.686, 59.453)‡ 8.058 (1.225, 78.37)‡

ETn 2 × 25 mg/week + DMARD TOC 8 mg/kg/4 weeks + DMARD 2.385 (0.593, 16.28) 2.766 (0.535, 25.2)

Notes: †ACR 70 data with continuity correction; ‡licensed ETN combination has significantly higher odds of ACR outcome compared to other licensed biologic DMARD 
combination (based on the 95% CrI).
Abbreviations: ABA, abatacept; ADA, adalimumab; AnA, anakinra; CrI, credible interval (Bayesian probability interval); CZP, certolizumab pegol; DMARD, disease-
modifying antirheumatic drug (MTX or SUL); ETN, etanercept; exp, experienced; GOL, golimumab; INF, infliximab; MTX, methotrexate; OR, odds ratio; RTX, rituximab; 
SUL, sulfasalazine; TOC, tocilizumab.

baseline disease severity, as measured by DAS28 score, was 

from moderate–severe (DAS28 5.0–5.242) to very severe 

(DAS28 7.0–7.178,79). Seven studies enrolled anti-TNF-

α-naïve patients.42,46,47,73–75,81 In one study, 14% of patients 

had prior exposure to etanercept or infliximab, but not in 

the 12 weeks prior to enrolment.51 In another,78 there had 

been no biologic treatment permitted in the 6 months prior 

to enrolment. In two,77,84 the status was not reported (so for 

these, an assumption of patients being anti-TNF-α-naïve 

was made). The mean age ranged from 5175 to 5774 years. 

The percentage of female participants in any treatment arm 

varied from 61%80 to 90%.84 Mean disease duration ranged 

from 8.4 years74 to 13 years.75 The risk of bias was highest 

in the open-label studies.46,47 Data for ACR 20/50/70 for 

the monotherapy analysis are presented in Table 10.

The patients enrolled in the adalimumab studies were 

broadly similar in terms of disease duration, but one of the 

adalimumab trials78 may have involved patients who had had 

some prior biologic exposure (though not in the 6 months 

prior to enrolment), and may therefore have enrolled a group 

less likely to respond.

Tocilizumab studies had on average a shorter disease 

duration (8.377 and 8.5 years84) compared to the etanercept and 

adalimumab monotherapy studies. Figures 7–9 show funnel 

plots for ACR 20/50/70, respectively, for all studies with pla-

cebo control arm used in the monotherapy meta-analysis.

Meta-analysis results for monotherapy 
analysis
The results from the NMA are shown in Table 11  (comparison 

versus placebo control), with comparisons of etanercept 

 versus other licensed bDMARDs shown in Table 12. 

Licensed-dose etanercept, adalimumab, and tocilizumab 

monotherapy were significantly better than placebo in 

improving ACR 20/50/70 outcomes (based on the 95% CrI, 

Table 11). Etanercept monotherapy was significantly better 

than sulfasalazine in improving ACR 20/50/70 outcomes 

(based on the 95% CrI, Table 12).
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Table 8 Results from combination therapy network meta-analysis study-level covariate analysis for American College of Rheumatology 
(ACR) criteria scores of 20, 50, and 70 end point

Base case: random effects OR v DMARD (95% CrI)‡

ACR 20 ACR 50 ACR 70†

ABA 10 mg/kg/4 weeks + DMARD 3.255 (2.056, 5.159)‡ 3.633 (2.093, 6.341)‡ 3.954 (1.974, 8.8)‡

ADA 40 mg/2 weeks + DMARD 3.439 (2.187, 5.303)‡ 3.87 (2.303, 6.598)‡ 3.868 (1.91, 7.83)‡

CZP 200 mg/2 weeks + DMARD 11.06 (6.055, 21.06)‡ 9.773 (4.604, 22.65)‡ 13.18 (4.489, 43.5)‡

ETn 2 × 25 mg/week + DMARD 9.341 (4.845, 19.29)‡ 11.15 (4.947, 27.95)‡ 20.69 (4.921, 158.6)‡

GOL 50 mg/4 weeks + DMARD 3.387 (1.604, 6.863)‡ 4.917 (2.051, 12.34)‡ 4.988 (1.401, 18.28)‡

InF 3 mg/kg/8 weeks + DMARD 3.347 (2.271, 4.983)‡ 3.602 (2.246, 5.924)‡ 3.694 (2.021, 7.307)‡

RTX 2 × 1000 mg + DMARD 3.716 (1.915, 7.418)‡ 4.103 (1.821, 9.73)‡ 2.644 (0.909, 8.387)
TOC 8 mg/kg/4 weeks + DMARD 4.399 (2.704, 7.125)‡ 5.401 (2.911, 9.561)‡ 7.656 (3.442, 16.5)‡

Covariate analysis
ABA 10 mg/kg/4 weeks + DMARD 3.314 (1.849, 5.878)‡ 3.121 (1.656, 5.854)‡ 2.994 (1.433, 6.802)‡

ADA 40 mg/2 weeks + DMARD 3.418 (2.051, 5.675)‡ 3.862 (2.249, 6.904)‡ 3.934 (2.035, 8.078)‡

CZP 200 mg/2 weeks + DMARD 11.18 (5.464, 23.63)‡ 8.867 (3.968, 21.15)‡ 10.5 (3.789, 37.14)‡

ETn 2 × 25 mg/week + DMARD 10.19 (3.733, 31.23)‡ 24.67 (6.58, 109.5)‡ 32.6 (4.276, 1399)‡

GOL 50 mg/4 weeks + DMARD 3.31 (1.436, 7.456)‡ 6.091 (2.408, 16.59)‡ 7.872 (2.3, 29.78)‡

InF 3 mg/kg/8 weeks + DMARD 3.371 (2.117, 5.416)‡ 3.496 (2.131, 5.891)‡ 3.758 (2.044, 7.593)‡

RTX 2 × 1000 mg + DMARD 3.809 (1.759, 8.296)‡ 3.734 (1.556, 9.128)‡ 2.208 (0.793, 7.004)
TOC 8 mg/kg/4 weeks + DMARD 4.428 (2.483, 7.934)‡ 5.335 (2.821, 9.869)‡ 7.921 (3.773, 17.58)‡

Coefficients (on log scale)‡ Median (95% CrI)
βmtx: standard MTX dose –0.037 (–1.092, 1.002) –0.563 (–1.855, 0.631) –1.775 (–4.292, 0.13)
βweeks: weeks of follow-up –0.004 (–0.055, 0.046) 0.039 (–0.018, 0.098) 0.086 (0.012, 0.163)+

Covariate analysis: adjusted odds ratios^ OR v DMARD (95% CrI)
ABA 10 mg/kg/4 weeks + DMARD 3.265 (1.879, 5.621)‡ 3.396 (1.871, 6.122)‡ 3.487 (1.77, 7.447)‡

ADA 40 mg/2 weeks + DMARD 3.374 (2.002, 5.65)‡ 4.203 (2.421, 7.558)‡ 4.58 (2.342, 9.481)‡

CZP 200 mg/2 weeks + DMARD 11.02 (5.441, 23.06)‡ 9.647 (4.354, 22.61)‡ 12.2 (4.501, 43.03)‡

ETn 2 × 25 mg/week + DMARD 10.04 (3.618, 31.17)‡ 26.9 (6.909, 122.9)‡ 38.2 (4.743, 1636)‡

GOL 50 mg/4 weeks + DMARD 3.268 (1.357, 7.651)‡ 6.612 (2.524, 18.99)‡ 9.151 (2.527, 36.8)‡

InF 3 mg/kg/8 weeks + DMARD 3.323 (2.086, 5.376)‡ 3.8 (2.282, 6.521)‡ 4.361 (2.335, 9.025)‡

RTX 2 × 1000 mg + DMARD 3.753 (1.761, 8.115)‡ 4.064 (1.711, 9.807)‡ 2.563 (0.949, 8.036)‡

TOC 8 mg/kg/4 weeks + DMARD 4.363 (2.441, 7.89)‡ 5.797 (3.035, 10.88)‡ 9.23 (4.318, 20.9)‡

Notes: ^Results adjusted to 24 weeks of follow-up and standard dose of MTX based on coefficients βweeks and βmtx; ‡licensed combination had significantly higher odds 
(based on the 95% CrI) compared to DMARD alone; †for the ACR 70 network meta-analysis, a continuity correction (0.5) was applied to the data; the coefficients were not 
statistically significant except for + (for ACR 70 outcome, longer length of follow-up was associated with higher odds of ACR 70).
Abbreviations: ABA, abatacept; ADA, adalimumab; AnA, anakinra; CrI, credible interval (Bayesian probability interval); CZP, certolizumab pegol; DMARD, disease-
modifying antirheumatic drug (MTX or SUL); ETN, etanercept; exp, experienced; GOL, golimumab; INF, infliximab; MTX, methotrexate; OR, odds ratio; RTX, rituximab; 
SUL, sulfasalazine; TOC, tocilizumab.

Table 7 Comparison of model fit for base case combination therapy network meta-analysis models

Analysis DIC Average residual deviance†† SD in treatment effects

ACR 20 combination DMARD-experienced 
(fixed effect)

615.154 1.306 nA

ACR 20 combination DMARD-experienced 
(random effects)

607.278 1.071 0.3151

ACR 50 combination DMARD experienced 
(fixed effect)

591.925 1.302 nA

ACR 50 combination DMARD-experienced 
(random effects)

579.904 1.015 0.4022

ACR 70 combination DMARD-experienced 
(fixed effect with cc)

530.861 1.272 nA

ACR 70 combination DMARD-experienced 
(random effects with cc)

521.232 1.028 0.5047

ACR 70 combination DMARD-experienced 
(fixed effect no cc)

DnC

ACR 70 combination DMARD-experienced 
(random effects no cc)

DnC

Note: ††Sum of the residual deviance divided by total number of arms.
Abbreviations: NA, not applicable to fixed-effect models; DNC, did not converge; cc, continuity correction; DIC, deviance information criterion; SD, standard deviation.
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Placebo

Adalimumab 40 mg/2
weeks  

Etanercept
2 × 25 mg/week  

MTX
Tocilizumab

8 mg/kg/month  

7, 13

2

Unlicensed–rituximab

Unlicensed–golimumab

5

9

Etanercept
2 × 25 mg/week + MTX  4, 14

6, 11

Sulfasalazine

1

Etanercept
2 × 50 mg/week  

3

Tocilizumab
4 mg/kg/month  

6

Tocilizumab (other
unlicensed doses) 

Adalimumab
(unlicensed doses) 

7, 12, 13

Etanercept (other
unlicensed doses) 

8, 9

10 6

10

Figure 6 network diagram for ACR20/50/70 outcomes for bDMARD monotherapy.
Notes: 1, Combe 2006; 2, Edwards 2004; 3, Johnsen 2006; 4, Kameda 2010 (JESMR); 5, Keystone 2009 (GO-FORWARD); 6, Maini 2006 (CHARISMA); 7, Miyasaka 2008 
(Change); 8, Moreland 1997; 9, Moreland 1999; 10, nishimoto 2004 (STREAM); 11, nishimoto 2009 (SATORI); 12, van de Putte 2003; 13, van de Putte 2004; 14, van Riel 
2006 (ADORE). Placebo 6 arms, 444 patients; MTX 4 arms, 488 patients; etanercept 2 × 25 mg/week, 5 arms, 441 patients; tocilizumab 8 mg/kg/4 weeks, 3 arms, 168 patients; 
adalimumab 40 mg/2 weeks, 2 arms, 204 patients; sulfasalazine 1 arm, 50 patients.

As expected, the NMA had wider confidence intervals 

 compared to direct estimates from head-to-head trials. In 

general, the NMA models displayed fair convergence, though 

some of the ACR 70 models did not converge. The random-

 effects model had the best fit (Table 13). A continuity correction 

was applied to the ACR 70 data where zero events occurred in 

the control arms, and between-study heterogeneity estimates 

were high (ACR 20 SD on a logarithmic scale = 0.81, ACR 

50 SD = 0.55, and ACR 70 SD = 0.76). This suggests that the 

predicted difference on a natural scale between a study’s OR 

estimate and our NMA estimate may vary (between upper 

and lower limits) by 24.64 for ACR 20, 8.8 for ACR 50, and 

19.8 for ACR 70 (Table 13). As a result of between-study 

heterogeneity, therefore, there is more uncertainty associated 

with the ACR 20 and ACR 70 treatment-effect estimates for 

monotherapy, compared to the ACR 50 outcome.

The NMA results compare well with direct head-to-head 

analysis (Table S5, Table 11) and with Bucher indirect 

comparisons (Table S6, Table 12). Examination of the 

monotherapy evidence network shows that there was one 

independent loop for which inconsistency of the direct and 

indirect evidence can be assessed (Figure S1). The analysis 

indicates that the inconsistency on this loop is not significant 

(P . 0.05 for ACR 20/50/70; Tables S7–S9).

A covariate analysis was not conducted, as there were 

too few monotherapy studies to make such an analysis 

robust. The results of the predefined sensitivity analyses 

are shown in Table S10. The inclusion of the TEMPO 

study lowers the treatment-effect estimates for etanercept 

monotherapy.

Discussion
bDMARDs, in combination with a conventional DMARD, 

have been shown to be efficacious in patients who have 

had an inadequate response to prior DMARD therapy, thus 

representing an important addition to the RA treatment 

algorithm for patients and their health-care provider. Based 

on the clinical data identified in a systematic review, we 

conducted NMAs obtaining pooled estimates of relative treat-

ment effects, allowing pair-wise comparisons and ranking of 

licensed bDMARD therapies. We also conducted a separate 

analysis of bDMARD monotherapy treatments, which are 

licensed for use in patients who cannot tolerate MTX or for 

whom MTX is contraindicated. Our results show that all 

licensed bDMARD combinations have significantly higher 

odds (based on the 95% CrI) for ACR 20/50/70 compared 

to MTX or DMARD monotherapy, ACR 70 results for RTX 

being the only exception.
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Table 10 American College of Rheumatology (ACR) criteria scores of 20, 50, and 70 data used in the monotherapy network 
meta-analysis

Study Population for  
sensitivity analysis

Treatment group  
for analysis

Follow-up  
(weeks)

Number  
of patients

ACR 20  
n (%)

ACR 50  
n (%)

ACR 70  
n (%)

Combe et al42 DMARD exp SUL 24 50 14 (28.0%) 7 (14.0%) 1 (2.0%)
ETN 2 × 25 mg/week 24 103 76 (73.8%) 48 (46.6%) 22 (21.4%)

Edwards et al81 MTX exp MTX 24 40 15 (37.5%) 5 (12.5%) 2 (5.0%)
RTX 2 × 1000 mg 24 40 26 (65.0%) 13 (32.5%) 6 (15.0%)

Johnsen et al73 DMARD exp ETN 2 × 25 mg/week 24 26 17 (65.4%) 10 (38.5%) 4 (15.4%)

ETn 2 × 50 mg/week 24 51 30 (58.8%) 19 (37.3%) 8 (15.7%)
Kameda et al46 MTX exp ETN 2 × 25 mg/week 24 74 47 (63.5%) 35 (47.3%) 19 (25.7%)

ETn 2 × 25 mg/week + MTX 24 77 70 (90.9%) 50 (64.9%) 30 (39.0%)
Keystone et al82 MTX exp MTX 24 133 37 (27.8%) 18 (13.5%) 7 (5.3%)

GOL 100 mg/4 weeks 24 133 47 (35.3%) 26 (19.5%) 15 (11.3%)
Maini et al51 MTX exp TOC 2 mg/kg/4 weeks 16 53 16 (30.2%) 3 (5.7%) 1 (1.9%)

TOC 4 mg/kg/4 weeks 16 54 33 (61.1%) 15 (27.8%) 3 (5.6%)
TOC 8 mg/kg/4 weeks 16 52 33 (63.5%) 21 (40.4%) 8 (15.4%)
MTX 16 49 20 (40.8%) 14 (28.6%) 8 (16.3%)

Miyasaka74 DMARD exp PLA 24 87 12 (13.8%) 5 (5.7%) 1 (1.1%)
ADA 20 mg/2 weeks 24 87 25 (28.7%) 14 (16.1%) 9 (10.3%)
ADA 40 mg/2 weeks 24 91 40 (44.0%) 22 (24.2%) 11 (12.1%)
ADA 80 mg/2 weeks 24 87 44 (50.6%) 28 (32.2%) 13 (14.9%)

Moreland et al80 DMARD exp PLA 12 44 6 (13.6%) 3 (6.8%) nR
ETn 0.25 mg/m2 12 46 15 (32.6%) 4 (8.7%) nR
ETn 2 mg/m2 12 46 21 (45.7%) 10 (21.7%) nR
ETn 16 mg/m2 12 44 33 (75.0%) 25 (56.8%) nR

Moreland et al75 DMARD exp PLA 24 80 9 (11.3%) 4 (5.0%) 1 (1.3%)
ETn 2 × 10 mg/week 24 76 39 (51.3%) 18 (23.7%) 7 (9.2%)

ETN 2 × 25 mg/week 24 78 46 (59.0%) 31 (39.7%) 12 (15.4%)
nishimoto et al77 MTX exp PLA 12 53 6 (11.3%) 1 (1.9%) 0 (0.0%)

TOC 4 mg/kg/4 weeks 12 54 31 (57.4%) 14 (25.9%) 11 (20.4%)
TOC 8 mg/kg/4 weeks 12 55 43 (78.2%) 22 (40.0%) 9 (16.4%)

nishimoto et al76 MTX exp MTX 24 66 17 (25.8%) 7 (10.6%) 4 (6.1%)
TOC 8 mg/kg/4 weeks 24 61 49 (80.3%) 30 (49.2%) 18 (29.5%)

van de Putte et al79 DMARD exp PLA 12 70 7 (10.0%) 1 (1.4%) 0 (0.0%)
ADA 20 mg/week 12 72 36 (50.0%) 17 (23.6%) 8 (11.1%)
ADA 40 mg/week 12 70 40 (57.1%) 19 (27.1%) 7 (10.0%)
ADA 80 mg/week 12 72 39 (54.2%) 14 (19.4%) 6 (8.3%)

van de Putte et al78 DMARD exp PLA 26 110 21 (19.1%) 9 (8.2%) 2 (1.8%)
ADA 20 mg/2 weeks 26 106 38 (35.8%) 20 (18.9%) 9 (8.5%)
ADA 20 mg/week 26 112 44 (39.3%) 23 (20.5%) 11 (9.8%)
ADA 40 mg/2 weeks 26 113 52 (46.0%) 25 (22.1%) 14 (12.4%)
ADA 40 mg/week 26 103 55 (53.4%) 36 (35.0%) 19 (18.4%)

van Riel et al47 MTX exp ETN 2 × 25 mg/week 16 160 114 (71.3%) 67 (41.9%) 28 (17.5%)

ETn 2 × 25 mg/week + MTX 16 155 104 (67.1%) 62 (40.0%) 29 (18.7%)
TEMPO (sensitivity 
analysis only; data 
from CSR)55

Mixed naïve  
and experienced  
population

MTX 24 228 168 (73.7%) 93 (40.8%) 35 (15.4%)
ETn 2 × 25 mg/week 24 231 159 (68.8%) 90 (39.0%) 38 (16.5%)

Notes: Treatments in bold are treatments of interest (licensed doses); PLA is the reference treatment.
Abbreviations: ADA, adalimumab; CSR, corporate social responsibility; DMARD, disease-modifying antirheumatic drug; ETn, etanercept; exp, experienced; GOL, 
golimumab; INF, infliximab; MTX, methotrexate; NR, not reported; PLA, placebo; RTX, rituximab; SUL, sulfasalazine; TOC, tocilizumab.

For DMARD experienced patients, our results also 

show that the etanercept combination is significantly bet-

ter than the adalimumab and infliximab combinations and 

comparable to the certolizumab combination in improving 

ACR 20/50/70 outcomes (based on the 95% CrI). Therefore, 

previous meta-analyses that pooled TNF-α inhibitors into 

a single group may have underestimated the efficacy of 

etanercept.85,86

The internal validity of any NMA is dependent upon three 

key considerations: RCT identification, individual RCT qual-

ity, and the degree of confounding bias because of similarity 

or consistency assumptions not being met.
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Figure 7 Funnel plot comparing the log odds of response across monotherapy study control arms: log odds of placebo control achieving ACR20.
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Figure 8 Funnel plot comparing the log odds of response across monotherapy study control arms: log odds of placebo control achieving ACR50.

Regarding the first of these, an extensive systematic 

review was conducted to ensure identification of all relevant 

RCTs. The extent of publication bias was assessed, the slope 

of the colored lines in the funnel plots (Figures 3–5, combi-

nation NMA; Figures 7–9, monotherapy NMA) indicating 

a small degree of publication bias. The network of RCTs 

was fairly balanced for most treatments. In the combination 

analysis, there was some network asymmetry, however; a 

greater weight of evidence was available for tocilizumab 

(three trials and 1058 patients) and a smaller such weight 

for golimumab (two arms and 124 patients).

Regarding the second consideration, quality assessment 

of individual RCTs did identify some open-label or early 

escape design studies that may have been more prone to 

bias, but the effect of including these in the base case was 

assessed – by sensitivity analyses – which showed that includ-

ing these studies did not bias the treatment-effect estimates 

in favor of etanercept.

Regarding the third consideration, meta-analysis has the 

underlying assumption that trials and outcomes are suffi-

ciently similar to allow data to be pooled, and the consistency 

assumption relies on there being no imbalance in modifiers 
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Figure 9 Funnel plot comparing the log odds of response across monotherapy study control arms: log odds of placebo control achieving ACR70.

Table 11 American College of Rheumatology (ACR) criteria scores of 20, 50, and 70 network meta-analysis base case results for 
monotherapy treatments in DMARD-experienced patients: licensed DMARD monotherapy versus placebo

Fixed effect Random effects

OR v PLA  
(95% CrI)

% of patients with  
event (95% CrI)

Probability  
of best, %

OR v PLA  
(95% CrI)

% of patients with  
event (95% CrI)

Probability 
of best, %

ACR 20
PLA – 14.1% (11.1%, 17.7%) 0.0% – 14% (11.1%, 17.7%) 0.0%
ADA 40 mg/2 weeks 4.947 (3.163, 7.77)‡ 44.8% (32.4%, 57.9%) 7.1% 5.125 (1.417, 18.62)‡ 45.5% (18.5%, 75.7%) 6.9%
ETn 2 × 25 mg/week 11.85 (5.371, 29.52)‡ 66% (45.6%, 83.4%) 28.0% 12 (1.733, 90.94)‡ 66.3% (21.8%, 93.8%) 23.6%
SUL 1.598 (0.522, 5.172) 20.8% (7.6%, 46.4%) 0.0% 1.608 (0.105, 27.48) 20.7% (1.7%, 82%) 0.4%
TOC 8 mg/kg/4 weeks 26.17 (10, 76.19)‡ 81.1% (61%, 92.8%) 64.9% 26.25 (3.883, 190.8)‡ 81.1% (38.6%, 97%) 69.2%
ACR 50
PLA – 5.9% (3.9%, 8.7%) 0.0% – 5.9% (3.9%, 8.7%) 0.0%
ADA 40 mg/2 weeks 4.818 (2.616, 9.344)‡ 23.2% (12.5%, 39.8%) 7.1% 5.117 (1.819, 16.11)‡ 24.3% (9.4%, 51.5%) 6.9%
ETn 2 × 25 mg/week 13.83 (4.745, 54.01)‡ 46.4% (21.3%, 78.1%) 28.0% 13.46 (2.631, 80.29)‡ 45.6% (13.3%, 84.1%) 23.6%
SUL 2.476 (0.58, 11.84) 13.4% (3.3%, 43.7%) 0.0% 2.379 (0.241, 25.64) 13% (1.4%, 62.7%) 0.4%
TOC 8 mg/kg/4 weeks 46.94 (7.572, 915.5)‡ 74.7% (31.2%, 98.3%) 64.9% 55.08 (6.204, 1740)‡ 77.5% (26.9%, 99.1%) 69.2%
ACR 70†

PLA – 1.3% (0.6%, 3.1%) 0.0% – 1.3% (0.5%, 3.1%) 0.0%
ADA 40 mg/2 weeks 11.42 (3.866, 44.01)‡ 13.2% (3.6%, 42.8%) 7.1% 11.71 (2.441, 77.5)‡ 13.5% (2.5%, 55%) 6.9%
ETn 2 × 25 mg/week 19.49 (3.199, 788.9)‡ 20.9% (3.3%, 92%) 28.0% 20.83 (1.56, 1740)‡ 21.8% (1.7%, 96%) 23.6%
SUL 1.042 (0.025, 57.47) 1.4% (0%, 44.8%) 0.0% 1.14 (0.012, 178.8) 1.5% (0%, 71.5%) 0.4%
TOC 8 mg/kg/4 weeks 55.54 (5.138, 6469)‡ 43% (5.4%, 98.9%) 64.9% 96.27 (3.992, 38820)‡ 56.1% (4.5%, 99.8%) 69.2%

Notes: †ACR 70 data with continuity correction; ‡licensed monotherapy has significantly higher odds of ACR outcome compared to PLA (based on the 95% CrI).
Abbreviations: ADA, adalimumab; CrI, credible interval (Bayesian probability interval); DnC, did not converge; DMARD, disease-modifying antirheumatic drug; ETn, 
etanercept; exp, experienced; MTX, methotrexate; OR, odds ratio; PLA, placebo; SUL, sulfasalazine; TOC, tocilizumab.

of relative treatment effects across studies. In our NMA, 

the similarity assumption was supported by the eligibility 

criteria applied for study selection, and the adjustment of 

the results by way of covariate analyses for the potential 

effect modifiers, low dosing of MTX, length of follow-up, 

age, and disease duration. This covariate adjustment aimed 

to reduce the impact of any bias due to similarity and/or 

consistency violations. Low dosing of MTX did not have 

a statistically significant impact on ACR 20/50/70, nor did 

length of follow-up for ACR 20/50. Longer disease dura-

tion was associated with higher odds of ACR 50 and higher 

age with higher odds of ACR 70. Adjusting for age and 
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Table 12 American College of Rheumatology (ACR) criteria scores of 20, 50, and 70 network meta-analysis base case results for 
monotherapy treatments in DMARD-experienced patients: licensed ETn monotherapy versus other licensed DMARD monotherapy

Treatment Control Fixed effects  
OR v control (95% CrI)

Random effects  
OR v control (95% CrI)

ACR 20  
ETn 2 × 25 mg/week ADA 40 mg/2 weeks 2.396 (0.957, 6.623) 2.333 (0.238, 25.484)

ETn 2 × 25 mg/week SUL 7.452 (3.522, 16.502)‡ 7.524 (1.059, 52.521)‡

ETn 2 × 25 mg/week TOC 8 mg/kg/4 weeks 0.454 (0.121, 1.702) 0.451 (0.03, 7.062)
ACR 50  
ETn 2 × 25 mg/week ADA 40 mg/2 weeks 2.866 (0.824, 12.549) 2.641 (0.342, 20.704)

ETn 2 × 25 mg/week SUL 5.593 (2.408, 14.723)‡ 5.621 (1.196, 28.531)‡

ETn 2 × 25 mg/week TOC 8 mg/kg/4 weeks 0.296 (0.012, 2.726) 0.244 (0.005, 4.144)
ACR 70†  
ETn 2 × 25 mg/week ADA 40 mg/2 weeks 1.73 (0.197, 82.237) 1.743 (0.066, 195.274)

ETn 2 × 25 mg/week SUL 19.117 (3.202, 526.039)‡ 18.744 (1.47, 686.342)‡

ETn 2 × 25 mg/week TOC 8 mg/kg/4 weeks 0.367 (0.002, 24.795) 0.201 (0, 58.072)

Notes: †ACR 70 data with continuity correction; ‡licensed ETN has significantly higher odds of ACR outcome compared to other licensed DMARD (based on the 95% CrI).
Abbreviations: ADA, adalimumab; CrI, credible interval (Bayesian probability interval); DnC, did not converge; DMARD, disease-modifying antirheumatic drug; ETn, 
etanercept; exp, experienced; OR, odds ratio; SUL, sulfasalazine; TOC, tocilizumab.

Table 13 Comparison of model fit for monotherapy network meta-analysis models

Analysis DIC Average residual  
deviance††

SD in treatment 
effects

ACR 20 monotherapy DMARD-experienced (fixed effects) 280.685 1.531 nA
ACR 20 monotherapy DMARD-experienced (random effects) 265.259 1.012 0.817
ACR 50 monotherapy DMARD-experienced (fixed effects) 255.059 1.224 nA
ACR 50 monotherapy DMARD-experienced (random effects) 252.167 1.042 0.554
ACR 70 monotherapy DMARD-experienced (fixed effects with cc) 208.357 1.244 nA
ACR 70 monotherapy DMARD-experienced (random effects with cc) 205.674 1.045 0.761
ACR 70 monotherapy DMARD-experienced (random effects, no cc) DnC
ACR 70 monotherapy DMARD-experienced (fixed effects, no cc) DnC

Note: ††Sum of the residual deviance divided by total number of arms.
Abbreviations: ACR 20/50/70, American College of Rheumatology (ACR) criteria scores of 20, 50, and 70; DMARD, disease-modifying antirheumatic drug; nA, not 
applicable to fixed-effect models; DNC, did not converge; cc, continuity correction; DIC, deviance information criterion; SD, standard deviation.

disease duration did not alter our conclusion. We further 

examined the influence of exposure to prior anti-TNF-α 

therapies and of incorporating the TEMPO trial, a trial that 

included some MTX-naïve patients or patients that were 

not MTX-inadequate responders, by sensitivity analyses: 

overall, removing subsets of trials had very little impact on 

treatment-effect estimates, but meta-analysis that included 

the TEMPO trial85,87 underestimated the efficacy of etanercept 

in the DMARD-experienced/inadequate-response population 

because of the high MTX control arm response rate in patients 

previously untreated with MTX, ie, these patients were still 

able to benefit from MTX.

There remained heterogeneity among the studies in our 

NMA. The patient characteristic that differed across studies 

but that was not assessed as a covariate was the number of 

prior DMARD treatments. This is one area, therefore, where 

the similarity assumption may be challenged, and should be 

considered for covariate adjustment in future research.

One tocilizumab study, in particular – CHARISMA51 – 

enrolled patients with a mean duration of disease of only 

9.2 months.51 This does not appear to have influenced 

the treatment estimates here, however. The CHARISMA 

study is small compared to the other tocilizumab studies – 

OPTION52 and TOWARD43 – so will have less weight in the 

meta-analysis. The random-effects direct meta-analysis of 

tocilizumab versus DMARD did not indicate any significant 

heterogeneity in effect on ACR 20 between OPTION, CHA-

RISMA, and TOWARD (ACR 20 l2 = 0%, P = 0.86; ACR 

50 I2 = 30.6%, P = 0.24; ACR 70 I2 = 59.7%, P = 0.08). In 

the direct meta-analysis of tocilizumab versus DMARD for 

ACR 50 and ACR 70, CHARISMA had a lower ACR 50 and 

ACR 70 treatment effect (relative to DMARD) compared to 

OPTION and TOWARD. This was somewhat counterintui-

tive, as one would expect that patients with shorter disease 

duration (fewer previous lines of treatment) would have 

better response to treatment than would patients with longer 
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disease duration (who have had more previous treatments). 

The different ACR 50 and ACR 70 relative effects observed 

in CHARISMA, therefore, may be due to factors other than 

disease duration, and we conclude that the short duration of 

disease in the CHARISMA study population did not impact 

on the treatment-effect estimates.

Differences in placebo/MTX responses across trials were 

assessed by way of funnel plots, identifying some studies 

within the network that under- or overestimated the response 

to placebo/MTX, meaning that they would over- or under-

estimate, respectively, the treatment effect. From review of 

the funnel plots, it can be deduced that the overall treatment 

effects on ACR 20 and ACR 50 may be overestimated for 

certolizumab pegol.44,45 The low response to MTX observed 

in the certolizumab pegol RAPID 144 and RAPID 245 trials 

(see Figures 3 and 4) may be explained by the early escape 

trial design, whereby patients who had failed to respond at 

weeks 12–14 were withdrawn from treatment at week 16 and 

classified as nonresponders. More than half of the patients 

were withdrawn from the MTX control arms, whereas a 

lower percentage of certolizumab combination-arm patients 

were withdrawn. This imbalance in withdrawals may have 

had an impact on the treatment effects measured by these 

studies: week 16 withdrawals in RAPID 1 – 62.8% placebo, 

21.1% certolizumab 200 mg, 17.4% certolizumab 400 mg; 

week 16 withdrawals in RAPID2 – 81.1% placebo, 21.1% 

certolizumab 200 mg, 21.1% certolizumab 400 mg. The ITT 

primary outcome at 24 weeks suggested a greater treatment 

effect for CZP compared to placebo than was the case before 

early escape.

Treatment effects may be overestimated for tocilizumab 

on ACR 20 and ACR 5043 and on ACR 70.43,52 Infliximab 

treatment effects may be underestimated for ACR 20 and 

ACR 70.53,69 For ACR 50, two studies53,69 underestimated the 

treatment effect, and one study68 provided an overestimate. 

For adalimumab, the effect may be an underestimate for 

ACR 50 and 70.62 For ACR 20, one study may have under-

estimated the adalimumab effect62 and another overestimated 

it.71 The treatment effect of abatacept on ACR 20 may be an 

underestimate.66 There were no etanercept studies that were 

outliers on the funnel plots, suggesting that the treatment 

effects for etanercept were within the bounds of what might 

be expected.

The assumption of consistency between the direct and 

indirect evidence could not be assessed formally in the 

combination analyses, as there were no independent loops 

of evidence in the network: for ACR outcomes, there was 

only one study69 that compared one licensed-treatment 

 combination (infliximab) directly to another (abatacept) 

head-to-head. The combination network was comprised 

solely of indirect comparisons via MTX/DMARD. However, 

the results of direct meta-analyses and of the indirect Bucher 

were compared to base case results from the NMA to gauge 

consistency. For example, etanercept vs DMARD direct (data 

from etanercept vs DMARD trials only) was compared to 

etanercept vs DMARD as estimated by the NMA, and etan-

ercept vs other bDMARDs indirect (as no head-to-head data) 

was compared to etanercept vs other bDMARDs as estimated 

by the NMA. The NMA had a wider confidence interval 

compared to the direct estimates from head-to-head trials: 

when comparing confidence intervals, the lower bounds were 

similar but the NMA estimated a much higher upper bound. 

Similarly, there is more uncertainty (in favor of etanercept) 

in the NMA estimates of etanercept versus the other licensed 

combinations compared to the estimates obtained from the 

Bucher indirect comparison. In the monotherapy analyses, 

one loop of evidence was present in the network, enabling a 

formal test of the consistency assumption. This test indicated 

that the direct and indirect treatment-effect estimates were 

not statistically significantly different, indicating that the 

consistency assumption held.

The relative treatment-effect estimates observed in our 

NMA were not influenced by any prior distribution estimates, 

as noninformative priors were used, meaning that prior to 

the data being applied, any result was taken to be equally 

likely, and that the posterior results were driven by the data. 

Model selection in our NMA was based on the best model 

fit, as indicated by the lowest DIC and average residual 

deviance values.

Regarding the heterogeneity observed among studies 

in the network, it may be argued that this might present a 

challenge to the similarity assumption. It does, however, 

better support the external validity of these NMA results: 

this variation in patient populations is more likely to reflect 

real-world practice.

Our outcome measure was ACR response, a good short-

term measure of disease response that is widely reported in 

clinical trials of RA. Other measures, such as the HAQ, might 

be more relevant for longer-term progression measurement. 

However, HAQ is not so broadly reported and is not as sensi-

tive in measuring short-term changes in RA symptoms.

Our data relate to the population of adult patients with 

active, moderate–severe RA who have failed on or had an 

inadequate response to MTX or other conventional DMARDs. 

In these patients, the treatments evaluated were effective. 

In relation to other NMAs, our data illustrate that evidence 
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from the different TNF-α inhibitors should not be combined 

together in meta-analyses, because efficacy differs between 

drugs in this class. Etanercept is a fusion protein including 

a soluble fragment of human p75-soluble TNF receptor and 

human immunoglobulin G
1
, whereas adalimumab and inflix-

imab are MAbs directed against TNF. Differences in the kinet-

ics and mode of action between etanercept and the MAbs have 

been reported,88 and these differences may provide a plausible 

biological rationale for the differences in treatment-effect 

estimates observed in our NMA. Differences in the findings 

of published NMAs of biological DMARDs in RA have been 

reviewed and attributed to methodological shortcomings and 

inconsistencies.89 Our NMA was performed incorporating 

many of the recommended criteria,89 for a high-quality NMA 

including clear statement of the population (DMARD-MTX-

inadequate responders, as distinct from TNF-α-inadequate 

responders, or DMARD- or MTX-naïve populations), ana-

lyzing monotherapy and combination therapy in separate net-

works (thereby avoiding lumping of mono- and combination 

therapy without controlling for concomitant DMARD use), 

exploring heterogeneity and effect modification by covariate 

analyses, and examining the influence of particular trials or 

sets of trials by sensitivity analyses.

Our data do not address treatment effects in the popula-

tion of patients who have failed TNF-α treatment, as this is a 

later stage in the treatment pathway. Likewise, further review 

work would be required to gain treatment-effect estimates 

for bDMARDs in a moderate-RA population, which implies 

introducing bDMARDs at an earlier stage. Future NMAs, 

whilst mindful of the risk of multiplicity, should consider 

covariate adjustment for the number of prior DMARD treat-

ments, C-reactive protein, or baseline HAQ, if sufficient data 

are available.
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Supplementary materials

Table S1 Direct meta-analysis of American College of Rheumatology (ACR) criteria scores of 20, 50, and 70 outcomes: combination 
therapy

Treatment Fixed effect Random effects

OR v DMARD (95% CI) P-value OR v DMARD (95% CI) P-value

ACR 20
ABA 10 mg/kg/4 weeks + DMARD 2.996 (2.338, 3.839) ,0.001 2.997 (2.339, 3.841) ,0.001
ADA 40 mg/2 weeks + DMARD 3.433 (2.589, 4.552) ,0.001 3.332 (1.667, 6.661) 0.001

CZP 200 mg/2 weeks + DMARD 10.583 (7.284, 15.377) ,0.001 10.57 (6.991, 15.983) ,0.001
ETn 2 × 25 mg/week + DMARD 8.198 (4.724, 14.224) ,0.001 8.092 (4.645, 14.095) ,0.001
GOL 50 mg/4 weeks + DMARD 3.432 (2.105, 5.596) ,0.001 3.437 (2.107, 5.608) ,0.001
InF 3 mg/kg/8 weeks + DMARD 3.406 (2.726, 4.257) ,0.001 3.359 (2.488, 4.536) ,0.001
RTX 2 × 1000 mg + DMARD 3.553 (2.345, 5.384) ,0.001 3.554 (2.345, 5.387) ,0.001
TOC 8 mg/kg/4 weeks + DMARD 4.48 (3.595, 5.582) ,0.001 4.472 (3.589, 5.572) ,0.001
ACR 50
ABA 10 mg/kg/4 weeks + DMARD 3.281 (2.444, 4.406) ,0.001 3.278 (2.441, 4.403) ,0.001
ADA 40 mg/2 weeks + DMARD 3.622 (2.62, 5.007) ,0.001 3.881 (1.407, 10.702) 0.009

CZP 200 mg/2 weeks + DMARD 8.927 (5.453, 14.614) ,0.001 9.077 (4.706, 17.51) ,0.001
ETn 2 × 25 mg/week + DMARD 9.779 (4.822, 19.832) ,0.001 9.409 (4.635, 19.102) ,0.001
GOL 50 mg/4 weeks + DMARD 4.493 (2.468, 8.18) ,0.001 4.577 (2.145, 9.764) ,0.001
InF 3 mg/kg/8 weeks + DMARD 3.525 (2.671, 4.652) ,0.001 3.455 (2.295, 5.202) ,0.001
RTX 2 × 1000 mg + DMARD 3.791 (2.208, 6.509) ,0.001 3.792 (2.207, 6.513) ,0.001
TOC 8 mg/kg/4 weeks + DMARD 5.841 (4.373, 7.802) ,0.001 5.57 (3.844, 8.069) ,0.001
ACR 70
ABA 10 mg/kg/4 weeks + DMARD 3.76 (2.42, 5.83) ,0.001 3.77 (2.05, 6.93) ,0.001
ADA 40 mg/2 weeks + DMARD 3.66 (2.32, 5.79) ,0.001 3.78 (1.28, 11.15) 0.016

CZP 200 mg/2 weeks + DMARD 11 (5.06, 23.94) ,0.001 10.18 (4.67, 22.22) ,0.001
ETn 2 × 25 mg/week + DMARD 15.58 (3.67, 66.2) ,0.001 15.64 (3.7, 66.18) ,0.001
GOL 50 mg/4 weeks + DMARD 4.85 (2.01, 11.67) ,0.001 4.77 (1.98, 11.5) ,0.001
InF 3 mg/kg/8 weeks + DMARD 3.18 (2.17, 4.66) ,0.001 3 (2.03, 4.44) ,0.001
RTX 2 × 1000 mg + DMARD 2.33 (1.11, 4.88) 0.025 2.52 (0.87, 7.31) 0.089

TOC 8 mg/kg/4 weeks + DMARD 8.13 (5.13, 12.88) ,0.001 7.27 (3.33, 15.89) ,0.001

Note: P , 0.05 is statistically significant.
Abbreviations: ABA, abatacept; ADA, adalimumab; ANA, anakinra; CI, confidence interval; CZP, certolizumab pegol; DMARD, disease-modifying antirheumatic drug (MTX 
or SUL); ETN, etanercept; exp, experienced; GOL, golimumab; INF, infliximab; MTX, methotrexate; OR, odds ratio; RTX, rituximab; SUL, sulfasalazine; TOC, tocilizumab.
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Table S2 Bucher indirect meta-analysis of American College of Rheumatology (ACR) criteria scores of 20, 50, and 70 outcomes: 
combination therapy

Treatment Control Fixed effect Random effects

OR v control (95% CI) P-value OR v control (95% CI) P-value

ACR 20
ETn 2 × 25 mg/week + DMARD ABA 10 mg/kg/4 weeks + DMARD 2.736 (1.495, 5.008) 0.001 2.7 (1.47, 4.959) 0.001

ETn 2 × 25 mg/week + DMARD ADA 40 mg/2 weeks + DMARD 2.388 (1.286, 4.436) 0.006 2.429 (1, 5.899) 0.050

ETn 2 × 25 mg/week + DMARD CZP 200 mg/2 weeks + DMARD 0.775 (0.398, 1.508) 0.452 0.766 (0.383, 1.53) 0.449

ETn 2 × 25 mg/week + DMARD GOL 50 mg/4 weeks + DMARD 2.389 (1.143, 4.99) 0.021 2.354 (1.123, 4.935) 0.023

ETn 2 × 25 mg/week + DMARD InF 3 mg/kg/8 weeks + DMARD 2.407 (1.328, 4.362) 0.004 2.409 (1.282, 4.528) 0.006

ETn 2 × 25 mg/week + DMARD RTX 2 × 1000 mg + DMARD 2.307 (1.157, 4.602) 0.018 2.277 (1.138, 4.556) 0.020

ETn 2 × 25 mg/week + DMARD TOC 8 mg/kg/4 weeks + DMARD 1.83 (1.011, 3.313) 0.046 1.809 (0.996, 3.287) 0.052
ACR 50
ETn 2 × 25 mg/week + DMARD ABA 10 mg/kg/4 weeks + DMARD 2.98 (1.386, 6.411) 0.005 2.87 (1.333, 6.18) 0.007

ETn 2 × 25 mg/week + DMARD ADA 40 mg/2 weeks + DMARD 2.7 (1.241, 5.876) 0.012 2.424 (0.704, 8.355) 0.161

ETn 2 × 25 mg/week + DMARD CZP 200 mg/2 weeks + DMARD 1.095 (0.463, 2.594) 0.836 1.037 (0.395, 2.723) 0.942

ETn 2 × 25 mg/week + DMARD GOL 50 mg/4 weeks + DMARD 2.176 (0.862, 5.498) 0.100 2.056 (0.729, 5.8) 0.173

ETn 2 × 25 mg/week + DMARD InF 3 mg/kg/8 weeks + DMARD 2.774 (1.298, 5.929) 0.008 2.723 (1.202, 6.169) 0.016

ETn 2 × 25 mg/week + DMARD RTX 2 × 1000 mg + DMARD 2.58 (1.059, 6.282) 0.037 2.481 (1.018, 6.05) 0.046

ETn 2 × 25 mg/week + DMARD TOC 8 mg/kg/4 weeks + DMARD 1.674 (0.78, 3.594) 0.186 1.689 (0.76, 3.757) 0.199
ACR 70
ETn 2 × 25 mg/week + DMARD ABA 10 mg/kg/4 weeks + DMARD 4.144 (0.914, 18.784) 0.065 4.149 (0.867, 19.84) 0.075

ETn 2 × 25 mg/week + DMARD ADA 40 mg/2 weeks + DMARD 4.257 (0.935, 19.385) 0.061 4.138 (0.682, 25.104) 0.123

ETn 2 × 25 mg/week + DMARD CZP 200 mg/2 weeks + DMARD 1.416 (0.274, 7.31) 0.678 1.536 (0.298, 7.909) 0.608

ETn 2 × 25 mg/week + DMARD GOL 50 mg/4 weeks + DMARD 3.212 (0.591, 17.462) 0.177 3.279 (0.606, 17.743) 0.168

ETn 2 × 25 mg/week + DMARD InF 3 mg/kg/8 weeks + DMARD 4.899 (1.098, 21.858) 0.037 5.213 (1.171, 23.213) 0.030

ETn 2 × 25 mg/week + DMARD RTX 2 × 1000 mg + DMARD 6.687 (1.317, 33.953) 0.022 6.206 (1.035, 37.223) 0.046

ETn 2 × 25 mg/week + DMARD TOC 8 mg/kg/4 weeks + DMARD 1.916 (0.42, 8.739) 0.401 2.151 (0.418, 11.083) 0.360

Note: P , 0.05 is statistically significant.
Abbreviations: ABA, abatacept; ADA, adalimumab; ANA, anakinra; CI, confidence interval; CZP, certolizumab pegol; DMARD, disease-modifying antirheumatic drug (MTX 
or SUL); ETN, etanercept; exp, experienced; GOL, golimumab; INF, infliximab; MTX, methotrexate; OR, odds ratio; RTX, rituximab; SUL, sulfasalazine; TOC, tocilizumab.
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Table S3 Results from combination therapy nMA study arm level (patient characteristics) covariate analysis for American College of 
Rheumatology (ACR) criteria scores of 20, 50, and 70 end point

OR v DMARD (95% CrI)‡

ACR 20 ACR 50 ACR 70†

Base case: random effects
ABA 10 mg/kg/4 weeks + DMARD 3.255 (2.056, 5.159)‡ 3.633 (2.093, 6.341)‡ 3.954 (1.974, 8.8)‡

ADA 40 mg/2 weeks + DMARD 3.439 (2.187, 5.303)‡ 3.87 (2.303, 6.598)‡ 3.868 (1.91, 7.83)‡

CZP 200 mg/2 weeks + DMARD 11.06 (6.055, 21.06)‡ 9.773 (4.604, 22.65)‡ 13.18 (4.489, 43.5)‡

ETn 2 × 25 mg/week + DMARD 9.341 (4.845, 19.29)‡ 11.15 (4.947, 27.95)‡ 20.69 (4.921, 158.6)‡

GOL 50 mg/4 weeks + DMARD 3.387 (1.604, 6.863)‡ 4.917 (2.051, 12.34)‡ 4.988 (1.401, 18.28)‡

InF 3 mg/kg/8 weeks + DMARD 3.347 (2.271, 4.983)‡ 3.602 (2.246, 5.924)‡ 3.694 (2.021, 7.307)‡

RTX 2 × 1000 mg + DMARD 3.716 (1.915, 7.418)‡ 4.103 (1.821, 9.73)‡ 2.644 (0.909, 8.387)

TOC 8 mg/kg/4 weeks + DMARD 4.399 (2.704, 7.125)‡ 5.401 (2.911, 9.561)‡ 7.656 (3.442, 16.5)‡

Covariate analysis^

ABA 10 mg/kg/4 weeks + DMARD 3.242 (2.181, 4.765)‡ 3.626 (2.643, 5.051)‡ 4.187 (2.627, 7.196)‡

ADA 40 mg/2 weeks + DMARD 4.151 (2.662, 6.658)‡ 5.221 (3.281, 8.649)‡ 4.774 (2.312, 10.8)‡

CZP 200 mg/2 weeks + DMARD 11.34 (6.8, 20.36)‡ 10.8 (6.096, 22.74)‡ 15.17 (6.535, 41.99)‡

ETn 2 × 25 mg/week + DMARD 8.183 (4.108, 17.72)‡ 9.377 (4.661, 23.88)‡ 23.06 (5.343, 150.1)‡

GOL 50 mg/4 weeks + DMARD 3.674 (1.802, 6.893)‡ 5.491 (2.821, 10.48)‡ 6.67 (2.42, 18.11)‡

InF 3 mg/kg/8 weeks + DMARD 3.334 (2.418, 4.616)‡ 3.634 (2.692, 4.763)‡ 4.019 (2.708, 6.159)‡

RTX 2 × 1000 mg + DMARD 3.634 (2.072, 6.462)‡ 3.913 (2.341, 7.101)‡ 2.42 (1.149, 5.519)‡

TOC 8 mg/kg/4 weeks + DMARD 4.466 (2.991, 6.703)‡ 5.927 (4.274, 8.365)‡ 9.456 (5.74, 16.06)‡

Coefficients (on log scale)‡ Median (95% CrI)
βage: Age at baseline (average for study arm) 0.016 (–0.05, 0.079) 0.051 (–0.01, 0.115) 0.134 (0.037, 0.229)†

βduration: Duration of disease (average for study arm) 0.025 (–0.053, 0.104) 0.074 (0.005, 0.149)† 0.099 (–0.002, 0.218)

Notes: ^Results centered at study-arm mean (mean age across study arms = 52.43 years, mean disease duration = 7.86 years); ‡licensed combination had significantly higher 
odds (based on the 95% CrI) compared to DMARD alone; †for the ACR 70 network meta-analysis, a continuity correction (0.5) was applied to the data; the coefficients were 
not statistically significant except for + (longer disease duration was associated with higher odds of ACR 50; higher age was associated with higher odds of ACR 70).
Abbreviations: ABA, abatacept; ADA, adalimumab; AnA, anakinra; CrI, credible interval (Bayesian probability interval); CZP, certolizumab pegol; DMARD, disease-
modifying antirheumatic drug (MTX or SUL); ETN, etanercept; exp, experienced; GOL, golimumab; INF, infliximab; MTX, methotrexate; OR, odds ratio; RTX, rituximab; 
SUL, sulfasalazine; TOC, tocilizumab.
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Table S4 Combination therapy network meta-analysis sensitivity analysis results for American College of Rheumatology (ACR) 
criteria scores of 20, 50, and 70 end point

OR v DMARD (95% CrI)‡

ACR 20 ACR 50 ACR 70†

Base case: random effects
ABA 10 mg/kg/4 weeks + DMARD 3.255 (2.056, 5.159)‡ 3.633 (2.093, 6.341)‡ 3.954 (1.974, 8.8)‡

ADA 40 mg/2 weeks + DMARD 3.439 (2.187, 5.303)‡ 3.87 (2.303, 6.598)‡ 3.868 (1.91, 7.83)‡

CZP 200 mg/2 weeks + DMARD 11.06 (6.055, 21.06)‡ 9.773 (4.604, 22.65)‡ 13.18 (4.489, 43.5)‡

ETn 2 × 25 mg/week + DMARD 9.341 (4.845, 19.29)‡ 11.15 (4.947, 27.95)‡ 20.69 (4.921, 158.6)‡

GOL 50 mg/4 weeks + DMARD 3.387 (1.604, 6.863)‡ 4.917 (2.051, 12.34)‡ 4.988 (1.401, 18.28)‡

InF 3 mg/kg/8 weeks + DMARD 3.347 (2.271, 4.983)‡ 3.602 (2.246, 5.924)‡ 3.694 (2.021, 7.307)‡

RTX 2 × 1000 mg + DMARD 3.716 (1.915, 7.418)‡ 4.103 (1.821, 9.73)‡ 2.644 (0.909, 8.387)

TOC 8 mg/kg/4 weeks + DMARD 4.399 (2.704, 7.125)‡ 5.401 (2.911, 9.561)‡ 7.656 (3.442, 16.5)‡

As base case, but excluding MTX-naïve studies (MTX-experienced population)
ABA 10 mg/kg/4 weeks + DMARD 3.31 (1.83, 5.52)‡ 3.86 (1.91, 7.09)‡ 4.91 (1.87, 11.1)‡

ADA 40 mg/2 weeks + DMARD 3.65 (2.04, 6.12)‡ 4.27 (2.17, 7.75)‡ 4.17 (1.67, 8.92)‡

CZP 200 mg/2 weeks + DMARD 12 (5.46, 23.67)‡ 10.99 (4.08, 24.9)‡ 17.01 (3.97, 52.62)‡

ETn 2 × 25 mg/week + DMARD 12.08 (3.83, 30.26)‡ 28.5 (5.23, 104.6)‡ 111 (3.04, 702.1)‡

GOL 50 mg/4 weeks + DMARD 3.67 (1.46, 7.69)‡ 5.91 (1.96, 13.91)‡ 6.62 (1.29, 20.6)‡

InF 3 mg/kg/8 weeks + DMARD 3.87 (2.24, 6.3)‡ 4.02 (2.08, 7.16)‡ 4.06 (1.63, 9.1)‡

RTX 2 × 1000 mg + DMARD 4.07 (1.74, 8.21)‡ 4.67 (1.63, 10.76)‡ 3.71 (0.88, 10.88)

TOC 8 mg/kg/4 weeks + DMARD 4.48 (1.97, 8.9)‡ 5.25 (1.92, 11.62)‡ 8.18 (2.14, 22.14)‡

As base case, but excluding RAPID 1 and RAPID 2
ABA 10 mg/kg/4 weeks + DMARD 3.239 (1.951, 5.364)‡ 3.608 (2.024, 6.503)‡ 4.055 (1.914, 9.659)‡

ADA 40 mg/2 weeks + DMARD 3.418 (2.111, 5.53)‡ 3.884 (2.252, 6.853)‡ 3.885 (1.871, 8.409)‡

CZP 200 mg/2 weeks + DMARD nA nA nA

ETn 2 × 25 mg/week + DMARD 9.477 (4.771, 19.78)‡ 11.3 (4.84, 29.37)‡ 21.2 (4.751, 157.8)‡

GOL 50 mg/4 weeks + DMARD 3.364 (1.563, 7.297)‡ 4.979 (2.064, 12.92)‡ 4.869 (1.38, 18.76)‡

InF 3 mg/kg/8 weeks + DMARD 3.343 (2.187, 5.148)‡ 3.628 (2.203, 6.106)‡ 3.767 (1.967, 7.976)‡

RTX 2 × 1000 mg + DMARD 3.732 (1.824, 7.873)‡ 4.103 (1.792, 10.01)‡ 2.685 (0.854, 9.246)

TOC 8 mg/kg/4 weeks + DMARD 4.389 (2.539, 7.569)‡ 5.371 (2.841, 9.792)‡ 7.659 (3.288, 17.58)‡

As base case, but excluding low-quality ETN studies
ABA 10 mg/kg/4 weeks + DMARD 3.271 (2.309, 4.614)‡ 3.614 (2.057, 6.371)‡ 4.063 (1.873, 9.751)‡

ADA 40 mg/2 weeks + DMARD 3.439 (2.375, 4.934)‡ 3.876 (2.289, 6.699)‡ 3.918 (1.837, 8.591)‡

CZP 200 mg/2 weeks + DMARD 10.93 (6.786, 18.51)‡ 9.78 (4.502, 22.36)‡ 13.37 (4.062, 54.14)‡

ETn 2 × 25 mg/week + DMARD 8.53 (4.776, 16.04)‡ 11.55 (4.85, 29.68)‡ 20.83 (4.695, 182.9)‡

GOL 50 mg/4 weeks + DMARD 3.505 (1.878, 6.219)‡ 4.953 (2.037, 12.79)‡ 4.954 (1.387, 19.9)‡

InF 3 mg/kg/8 weeks + DMARD 3.345 (2.485, 4.552)‡ 3.614 (2.257, 5.956)‡ 3.737 (1.912, 7.952)‡

RTX 2 × 1000 mg + DMARD 3.701 (2.139, 6.261)‡ 4.046 (1.78, 9.64)‡ 2.748 (0.838, 9.316)

TOC 8 mg/kg/4 weeks + DMARD 4.411 (3.055, 6.369)‡ 5.376 (2.918, 9.762)‡ 7.541 (3.207, 18.02)‡

As base case, but excluding studies in TNF-α-exposed patients
DMARD – – –
ABA 10 mg/kg/4 weeks + DMARD 3.479 (1.598, 7.638)‡ 3.543 (1.59, 7.82)‡ 3.345 (1.472, 8.01)‡

ADA 40 mg/2 weeks + DMARD 3.418 (1.906, 6.213)‡ 3.908 (2.148, 7.375)‡ 3.814 (1.915, 7.752)‡

CZP 200 mg/2 weeks + DMARD nA nA nA

ETn 2 × 25 mg/week + DMARD 9.755 (4.387, 22.63)‡ 11.32 (4.564, 31.03)‡ 19.55 (4.814, 147.4)‡

GOL 50 mg/4 weeks + DMARD 3.315 (1.292, 8.238)‡ 5.2 (1.905, 14.96)‡ 4.722 (1.449, 18.3)‡

InF 3 mg/kg/8 weeks + DMARD 3.457 (1.926, 6.357)‡ 4.08 (2.169, 7.935)‡ 4.224 (2.137, 9.672)‡

RTX 2 × 1000 mg + DMARD 3.813 (1.576, 9.494)‡ 4.145 (1.593, 11.29)‡ 2.671 (0.934, 8.725)

TOC 8 mg/kg/4 weeks + DMARD nA nA nA
As base case, but including TEMPO
ABA 10 mg/kg/4 weeks + DMARD 3.249 (1.767, 6.024)‡ 3.629 (1.916, 6.932)‡ 4.11 (1.92, 9.757)‡

ADA 40 mg/2 weeks + DMARD 3.402 (1.947, 5.956)‡ 3.896 (2.159, 7.215)‡ 3.853 (1.836, 8.394)‡

CZP 200 mg/2 weeks + DMARD 11.24 (5.128, 25.42)‡ 9.821 (4.05, 25.4)‡ 13.26 (4.306, 48.4)‡

ETn 2 × 25 mg/week + DMARD 5.137 (2.816, 10.08)‡ 5.482 (2.891, 11.75)‡ 6.448 (2.832, 19.11)‡

GOL 50 mg/4 weeks + DMARD 3.308 (1.373, 8.033)‡ 5.153 (1.943, 14.73)‡ 4.801 (1.369, 18.95)‡

(Continued)

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

461

SR and nMA of bDMARDs in rheumatoid arthritis

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Biologics: Targets and Therapy 2012:6

Table S4 (Continued)

OR v DMARD (95% CrI)‡

ACR 20 ACR 50 ACR 70†

InF 3 mg/kg/8 weeks + DMARD 3.403 (2.048, 5.69)‡ 3.664 (2.149, 6.397)‡ 3.769 (1.946, 7.951)‡

RTX 2 × 1000 mg + DMARD 3.813 (1.631, 8.947)‡ 4.13 (1.648, 10.85)‡ 2.688 (0.878, 9.141)

TOC 8 mg/kg/4 weeks + DMARD 4.392 (2.317, 8.34)‡ 5.344 (2.648, 10.42)‡ 7.655 (3.283, 17.96)‡

Notes: ‡Licensed combination had significantly higher odds (based on the 95% CrI) compared to DMARD alone; †for the ACR 70 network meta-analysis, a continuity 
correction (0.5) was applied to the data.
Abbreviations: ABA, abatacept; ADA, adalimumab; AnA, anakinra; CrI, credible interval (Bayesian probability interval); CZP, certolizumab pegol; DMARD, disease-
modifying antirheumatic drug (MTX or SUL); ETN, etanercept; exp, experienced; GOL, golimumab; INF, infliximab; MTX, methotrexate; NA, not applicable; OR, odds ratio; 
RTX, rituximab; SUL, sulfasalazine; TnF, tumor necrosis factor; TOC, tocilizumab.

Table S5 Direct meta-analysis of American College of Rheumatology (ACR) criteria scores of 20, 50, and 70 outcomes: licensed 
DMARD monotherapy versus placebo in DMARD-experienced patients

Treatment Fixed effect Random effects

OR v PLA (95% CI) P-value OR v PLA (95% CI) P-value

ACR 20
ADA 40 mg/2 weeks 5.280 (3.211, 8.680) ,0.001 5.298 (3.226, 8.701) ,0.001
ETn 2 × 25 mg/week 11.34 (4.958, 25.938) ,0.001 11.34 (4.958, 25.938) ,0.001
TOC 8 mg/kg/4 weeks 28.069 (9.689, 81.318) ,0.001 28.069 (9.689, 81.318) ,0.001
ACR 50
ADA 40 mg/2 weeks 4.633 (2.398, 8.953) ,0.001 4.588 (2.374, 8.866) ,0.001
ETn 2 × 25 mg/week 12.532 (4.159, 37.76) ,0.001 12.532 (4.159, 37.76) ,0.001
TOC 8 mg/kg/4 weeks 34.667 (4.459, 269.54) 0.001 34.667 (4.459, 269.54) 0.001
ACR 70
ADA 40 mg/2 weeks 10.861 (3.045, 38.736) ,0.001 10.126 (2.837, 36.145) ,0.001
ETn 2 × 25 mg/week 25.714 (3.215, 205.639) 0.002 25.714 (3.215, 205.639) 0.002
TOC 8 mg/kg/4 weeks 40.714 (2.276, 728.176) 0.012 40.714 (2.276, 728.176) 0.012

Notes: SUL not connected to placebo, so no direct results; P , 0.05 is statistically significant.
Abbreviations: ADA, adalimumab; CI, confidence interval; DMARD, disease-modifying antirheumatic drug; ETN, etanercept; OR, odds ratio; PLA, placebo; SUL, sulfasalazine; 
TOC, tocilizumab.

Table S6 Bucher indirect meta-analysis of American College of Rheumatology (ACR) criteria scores of 20, 50, and 70 outcomes: 
licensed DMARD monotherapy in DMARD-experienced patients

Treatment Control Fixed effect Random effects

OR v control (95% CI) P-value OR v control (95% CI) P-value

ACR 20
ETn 2 × 25 mg/week ADA 40 mg/2 weeks 2.148 (0.818, 5.639) 0.121 2.14 (0.816, 5.616) 0.122

ETn 2 × 25 mg/week TOC 8 mg/kg/4 weeks 0.404 (0.105, 1.555) 0.187 0.404 (0.105, 1.555) 0.187
ACR 50
ETn 2 × 25 mg/week ADA 40 mg/2 weeks 2.705 (0.749, 9.774) 0.129 2.731 (0.756, 9.872) 0.125

ETn 2 × 25 mg/week TOC 8 mg/kg/4 weeks 0.361 (0.035, 3.71) 0.392 0.361 (0.035, 3.71) 0.392
ACR 70
ETn 2 × 25 mg/week ADA 40 mg/2 weeks 2.368 (0.207, 27.089) 0.488 2.539 (0.222, 29.066) 0.454

ETn 2 × 25 mg/week TOC 8 mg/kg/4 weeks 0.632 (0.018, 22.108) 0.800 0.632 (0.018, 22.108) 0.800

Notes: SUL not connected to placebo, so no direct results; P , 0.05 is statistically significant.
Abbreviations: ADA, adalimumab; CI, confidence interval; DMARD, disease-modifying antirheumatic drug; ETN, etanercept; OR, odds ratio; SUL, sulfasalazine; TOC, 
tocilizumab.
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Table S7 Direct and indirect meta-analysis of ACR50 on Tocilizumab 4 mg/kg/4 weeks—Tocilizumab 8 mg/kg/4 weeks loop

Meta-analysis of ACR50 Comparator OR Lower 95% CI Upper 95% CI P value

Direct
Tocilizumab 4 mg/kg/4 weeks MTX 0.962 0.407 2.271 0.929
Tocilizumab 4 mg/kg/4 weeks Placebo 18.2 2.296 144.262 0.006
Tocilizumab 8 mg/kg/4 weeks MTX 3.663 0.784 17.123 0.099
Tocilizumab 8 mg/kg/4 weeks Placebo 34.667 4.459 269.54 0.001
Indirect via MTX
Tocilizumab 8 mg/kg/4 weeks Tocilizumab 4 mg/kg/4 weeks 3.808 0.652 22.251 0.138
Indirect via placebo
Tocilizumab 8 mg/kg/4 weeks Tocilizumab 4 mg/kg/4 weeks 1.905 0.103 35.109 0.665
Inconsistency on loop 1.999 0.066 60.328 0.690

Abbreviations: OR, odds ratio; CI, confidence interval; MTX, methotrexate.

Table S8 Direct and indirect meta-analysis of ACR20 on Tocilizumab 4 mg/kg/4 weeks—Tocilizumab 8 mg/kg/4 weeks loop

Meta-analysis of ACR20 Comparator OR Lower 95% CI Upper 95% CI P value

Direct
Tocilizumab 4 mg/kg/4 weeks MTX 2.279 1.034 5.02 0.041
Tocilizumab 4 mg/kg/4 weeks Placebo 10.558 3.859 28.885 0.000
Tocilizumab 8 mg/kg/4 weeks MTX 5.417 1.195 24.546 0.028
Tocilizumab 8 mg/kg/4 weeks Placebo 28.069 9.689 81.318 0.000
Indirect via DMARD
Tocilizumab 8 mg/kg/4 weeks Tocilizumab 4 mg/kg/4 weeks 2.377 0.432 13.084 0.320
Indirect via placebo
Tocilizumab 8 mg/kg/4 weeks Tocilizumab 4 mg/kg/4 weeks 2.659 0.615 11.498 0.191
Inconsistency on loop 0.894 0.094 8.465 0.922

Abbreviations: OR, odds ratio; CI, confidence interval; MTX, methotrexate; DMARD, disease modifying anti-rheumatic drug.

Table S9. Direct and indirect meta-analysis of ACR70 on Tocilizumab 4 mg/kg/4 weeks—Tocilizumab 8 mg/kg/4 weeks loop

Meta-analysis of ACR70 Comparator OR Lower 95% CI Upper 95% CI P value

Direct
Tocilizumab 4 mg/kg/4 weeks MTX 0.281 0.068 1.161 0.079
Tocilizumab 4 mg/kg/4 weeks Placebo 40.932 2.328 719.842 0.011
Tocilizumab 8 mg/kg/4 weeks MTX 4.668 0.304 71.629 0.269
Tocilizumab 8 mg/kg/4 weeks Placebo 40.714 2.276 728.176 0.012
Indirect via DMARD
Tocilizumab 8 mg/kg/4 weeks Tocilizumab 4 mg/kg/4 weeks 16.612 0.765 360.725 0.074
Indirect via placebo
Tocilizumab 8 mg/kg/4 weeks Tocilizumab 4 mg/kg/4 weeks 0.995 0.017 58.049 0.998
Inconsistency on loop 16.701 0.102 2739.729 0.279

Abbreviations: OR, odds ratio; CI, confidence interval; MTX, methotrexate; DMARD, disease modifying anti-rheumatic drug.
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Table S10 Monotherapy network meta-analysis sensitivity analysis results for American College of Rheumatology (ACR) criteria 
scores of 20, 50, and 70 end point

OR v PLA (95% CrI)

ACR 20 ACR 50 ACR 70†

Base case: random effects
ADA 40 mg/2 weeks 5.125 (1.417, 18.62)‡ 5.117 (1.819, 16.11)‡ 11.71 (2.441, 77.5)‡

ETn 2 × 25 mg/week 12 (1.733, 90.94)‡ 13.46 (2.631, 80.29)‡ 20.83 (1.56, 1740)‡

SUL 1.608 (0.105, 27.48) 2.379 (0.241, 25.64) 1.14 (0.012, 178.8)
TOC 8 mg/kg/4 weeks 26.25 (3.883, 190.8)‡ 55.08 (6.204, 1740)‡ 96.27 (3.992, 38820)‡

As base case, but including TEMPO
ADA 40 mg/2 weeks 5.076 (1.509, 17.53)‡ 5.127 (1.902, 15.24)‡ 11.38 (2.67, 74.92)‡

ETn 2 × 25 mg/week 8.209 (1.763, 38.24)‡ 12.85 (3.355, 62.92)‡ 21.17 (2.73, 316.1)‡

SUL 1.089 (0.101, 11.94) 2.242 (0.292, 20.22) 1.002 (0.018, 41.62)
TOC 8 mg/kg/4 weeks 39.39 (7.95, 197.4)‡ 48.87 (10.22, 310.7)‡ 40.62 (4.862, 821.2)‡

Notes: ‡Licensed treatments have significantly higher odds (based on the 95% CrI) compared to PLA; †for the ACR 70 network meta-analysis, a continuity correction (0.5) 
was applied to the data.
Abbreviations: ADA, adalimumab; CrI, credible interval (Bayesian probability interval); ETn, etanercept; exp, experienced; OR, odds ratio; PLA, placebo; SUL, sulfasalazine; 
TOC, tocilizumab.

D: Placebo

B: Methotrexate
A: Tocilizumab
8 mg/kg/4 weeks 

6, 11

C:Tocilizumab
4 mg/kg/4 weeks  

10 6

10

Figure S1 Part of the monotherapy evidence network containing the tocilizumab 
4 mg/kg/4 weeks–tocilizumab 8 mg/kg/4 weeks loop.
Notes: 6, Maini 2006 (CHARISMA); 10, nishimoto 2004 (STREAM); 11, nishimoto 
2009 (SATORI).
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