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Aim: To evaluate the comparative effectiveness of biologics in inhibiting radiographic progression among
rheumatoid arthritis (RA) patients. Materials & methods: Bayesian network meta-analysis of published
trials investigating the USA FDA approved biologics treatment in RA patients, using methotrexate (MTX)
as the reference comparator. Results: Nine trials met the inclusion criteria for base case analysis. Com-
pared with MTX, most biologics (except golimumab) + MTX had significantly lower rates of radiographic
progression at 1 year. Mean difference in radiographic progression rates between MTX monotherapy and
biologics + MTX was highest for adalimumab + MTX (-3.8) and lowest for tocilizumab + MTX (-0.7). Inhi-
bition of radiographic progression was sustained. Conclusion: Biologics inhibit radiographic progression
in patients with RA at 1 year; however, published evidence beyond 1 year is limited.
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Rheumatoid arthritis (RA) is a costly, debilitating chronic inflammatory autoimmune disease that significantly
reduces patients’ ability to work and decreases their quality of life if left untreated [1]. The treat-to-target recom-
mendations for patients with RA suggest that the long-term goal of treating patients should be to maximize their
health-related quality of life by controlling signs and symptoms, normalizing physical function, inhibiting radio-
graphic disease progress and maintaining work productivity [2]. Previously, systematic reviews and meta-analyses
have examined the clinical, functional or structural efficacy of biologics in treating patients with RA [3–5]. However,
the comparative efficacy of biologics in inhibiting radiographic progression is still not fully understood.

To better understand the efficacy of biologics, we compared the 1-year radiographic efficacy of biologics in
patients with RA through a Bayesian network meta-analysis (NMA) of published clinical trial data. We further
qualitatively reviewed radiographic data with 2–10 years of follow-up because of the absence of a sufficient number
of published clinical trials available to build a robust NMA model beyond 1 year.

Materials & methods
Search & screening strategy
A systematic literature search was conducted in MEDLINE, Embase and Cochrane Central Register of Con-
trolled Trials (CENTRAL) databases from inception through 9 September 2015 to identify published randomized
controlled trials matching the predefined protocol based on the Patients, Interventions, Comparisons, Outcomes
(PICO) framework (Supplementary Table 1). Additionally, available conference proceedings of American College
of Rheumatology (ACR) and European League Against Rheumatism (EULAR) meetings were searched from 2006
to 2014 and 2001 to 2015 for ACR and EULAR, respectively. The search strategy used to identify articles and
abstracts is provided in Supplementary Table 2. Title and abstract screening were performed by two independent
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reviewers, and full text screening was completed by two reviewers on any studies that fit the eligibility criteria. If
assessments between the first and second reviewers differed, then a third reviewer was brought in to adjudicate.

Studies eligible for the review and meta-analysis evaluated adult patients with RA and included populations who
were at least 80% biologic-naive and those with unspecified prior biologic use as they were assumed to have little
or no prior biologic use. Interventions included the USA FDA approved marketed biologic therapies (abatacept
10 mg every 4 weeks, adalimumab 40 mg every 2 weeks, certolizumab 200 mg every 2 weeks, etanercept 50 mg
every week, golimumab 50 mg every 4 weeks, infliximab 3 mg/kg at weeks 0, 2 and 6 then every 8 weeks, rituximab
two 1000 mg infusions separated by 2 weeks (one course) every 24 weeks and tocilizumab 4 mg/kg every 4 weeks)
indicated for RA in combination with methotrexate (MTX) or tocilizumab (8 mg/kg every 4 weeks) alone. Selected
studies included those evaluating any of the approved biologic interventions + MTX versus MTX alone, or those
evaluating tocilizumab ± MTX versus MTX alone. Randomized controlled trials, blinded and open-label extension
studies, and/or follow-up studies with relevant data were included. The key outcome in each selected study was the
assessment of radiographic progression (assessed using Total Sharp scores) at a minimum of 1 year. Selected studies
had to have a sample size of at least 100 participants (total per study) and patients had to receive treatment for
≥4 weeks. Studies with duplicate source populations, those without the outcome of interest at the relevant analysis
time point, and those using regimens not approved by the FDA were excluded from analysis.

Data extraction
Data extraction was conducted using the DOC™ Data version 2.0 software platform (Doctor Evidence LLC, CA,
USA) and its universal electronic extraction form. Before data extraction began, a standardized data configuration
protocol was used to define the study level variables, intervention variables, patient characteristics and specific
outcomes to be digitized from eligible studies. The following data variables were extracted: publication information
(including author and year), trial name, demographics (mean age, percentage of females), clinical characteristics
(duration of RA), and details of interventions (dose, frequency and duration of treatment). Relevant outcome data
included the mean change from baseline in Sharp score and a corresponding measure of uncertainty (e.g., standard
error or confidence interval). Data were extracted from text manually by an analyst. Figure data were collected
using data-point estimation software. Data reported in text and tables were used preferentially over figure estimates.
Each collected data point was verified manually against the source article by a second independent reviewer.
Any differences noted between the first and second reviewers were adjudicated by a third reviewer. Synonymous
terms (outcomes and characteristics) were unified using the DOC Data Ontology management system (Doctor
Evidence LLC). This allowed synonyms to be merged into a single preferred term while preserving the original
author-reported term.

Risk of bias assessment
The Cochrane Collaboration’s tool for assessing risk of bias in randomized trials was used to assess the studies
identified for the analysis [6]. This instrument is used to evaluate seven domains of bias at the study and outcome
level: random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants
and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data
(attrition bias), selective reporting (reporting bias) and other sources of bias (other bias). These assessments were
conducted by the authors and the data were stored and managed in Microsoft Excel™ (WA, USA).

Homogeneity, similarity & consistency assessment
Similarity was assessed for the 16 studies selected for analysis by examining baseline characteristics of the patient
populations and the trial design and characteristics for each study. The patient characteristics assessed included
severity of RA, type of radiographic measure used, early versus established RA, age, use of disease-modifying
antirheumatic drugs (DMARDs), use of previous biologics and study duration. Based on clinical judgment and
assessment of study methodology, we concluded that the studies were similar enough to warrant inclusion in our
analyses and provide valid outcomes. Consistency between direct and indirect evidence for a particular comparison
could not be assessed because direct comparisons of the biologics were not available. Homogeneity of evidence for
each comparison could also not be completely assessed because of the lack of availability of multiple studies for each
comparison of interest. However, there were two comparators (certolizumab and infliximab), with multiple studies
available. Although, the results were not identical, the effect estimates for the primary outcome across the individual
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studies with common comparators were in the same direction and of a similar magnitude. We therefore concluded
that these trials were similar enough to meet the homogeneity assumption and be included in our analysis.

Study outcomes
Structural damage was analyzed as the change from baseline using the modified van der Heijde Total Sharp Score
(vdHS) [7]. All studies reporting vdHS at 1 year were synthesized in the base case analysis. In addition, because the
studies reported different modifications of Sharp scores, those studies reporting any version of the Sharp score at 1
year were analyzed by calculating standardized mean differences (SMD). SMD accounted for the differences in the
scales by expressing the Sharp score in terms of the size of the treatment effect relative to the standard deviation in
each study.

For the qualitative analysis spanning 2–10 years, data were extracted manually from published clinical trials or
abstracts reporting radiographic data (change in Sharp scores) in patients treated with biologics indicated for RA as
provided above. [8–32].

Subgroup analyses
We also conducted subgroup analyses for the subset of studies with early (<4 years mean RA duration) and
established (≥ 4 years mean RA duration) disease.

Statistical approach
Data were synthesized by means of a fixed-effect NMA using a Bayesian framework. For all analyses, the NMA
models correspond to a generalized linear model with the identity link. Noninformative prior distributions were
used for all model parameters. The initial 10,000 iterations of the models were discarded as ‘burn-ins’, and inferences
were based on an additional 20,000 iterations using three chains. Convergence of the chains was assessed by the
Gelman−Rubin statistic and visual inspection of trace and density plots.

Results of the analyses are expressed as point estimates and 95% credible intervals for each intervention versus all
other interventions. The relative differences of each intervention versus MTX are provided in the main text, and all
pairwise results are available in Supplementary Table 3. Analyses were conducted with the DOC Data 2.0 platform.
The platform calls on the R software (version 3.3.1) and runs the Bayesian NMA in the ‘GeMTC’ package [33–35].

Results
As shown in Figure 1, of the 2449 nonduplicate records screened, 46 studies met the PICO eligibility criteria
and were included in the systematic review. Of these 46 studies, 16 studies were included in evidence synthesis:
two abatacept studies [36,37], three adalimumab studies [38–40], three certolizumab studies [41–43], one etanercept
study [44], one golimumab study [45], two infliximab studies [46,47], two rituximab studies [32,48] and two tocilizumab
studies [49,50]. Common reasons for exclusion from analysis include overlapping study populations and insufficient
data for analysis (missing variance or population numbers). All 16 studies enrolled patients with moderately to
severely active RA. Of the analyzed studies, most did not specify whether patients used biologics before study
entry and were assumed to have little or no prior biologic use. Only four studies reported potential biologic use
before study entry. The greatest prior biologic use was reported in LITHE at 12% [49] and very low numbers were
reported in AIM at 5% [36] and GO-BEFORE at 1% [45]. There was no indication that patients enrolled in RAPID
1 were excluded for previous biologic use; however, a drug washout period was allowed [43]. Table 1 summarizes
the main characteristics of these 16 studies including the intervention and change in Sharp score from baseline to
year 1 for each study. Not all baseline characteristics were reported for every study. The mean age across the groups
ranged from 47 to 56 years, the majority (>67%) of patients were female, and mean duration of RA ranged from
approximately 6 weeks to 11 years. Additional baseline characteristics of the study population are summarized in
Supplementary Table 4.

Of the 16 clinical trials identified, nine used vdHS to assess radiographic progression [38,41–47,50] and were
included in the base case NMA model (Figure 2). All biologics in combination with MTX and tocilizumab without
MTX showed decreased radiographic progression at 1 year compared with MTX alone, as defined by negative
mean difference in vdHS change (Figure 3). Most interventions showed a statistically significant effect versus MTX
alone, except for golimumab 50 mg every 4 weeks and tocilizumab 8 mg/kg every 4 weeks. Among all the included
biologics, the largest statistically significant mean difference at 1 year was in adalimumab, where the increase in
vdHS was 3.8 fewer units in patients administered adalimumab 40 mg every 2 weeks + MTX compared with those
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2449 records identified through database

searching after duplicates removed

2449 records screened based on title and

abstract

398 full-text articles assessed for eligibility

46 studies met eligibility criteria

16 studies included to evidence synthesis

2051 records excluded

297 articles excluded at full text

Wrong outcomes: 171
Wrong outcome stratification: 37
Wrong population: 27
Duplicate publication: 26
Wrong comparison: 23
Wrong intervention: 9
Wrong number of participants: 4

55 articles excluded at extraction:

Wrong outcomes: 28
Wrong outcome stratification: 9
Duplicate publication: 6

30 records excluded at analysis:

Duplicate publication: 12
Wrong dosage: 12
Wrong timepoint: 5
Wrong intervention: 1

Wrong comparison: 5
Wrong population: 4
Wrong number of participants: 2
Wrong intervention: 1
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Figure 1. Selection process of the studies for the systematic review and meta-analysis.

receiving MTX alone. The patients treated with infliximab 3 mg/kg every 8 weeks had the next highest relative
effect at 3.7 fewer units versus MTX alone.

Results of the subgroup analyses are provided in Table 2. Biologics in combination with MTX and tocilizumab
without MTX decreased radiographic progression at 1 year compared with MTX alone among patients with early
RA and as well as those with established RA. Of the 16 studies analyzed, seven studies had data for patients with
early RA. Among patients with early RA, decreases in radiographic progression were seen for the biologics + MTX
and for tocilizumab without MTX. Results of the subgroup analysis showed significant mean differences at 1 year
for adalimumab + MTX (-3.83), infliximab + MTX (-3.30), etanercept + MTX (-2.18), certolizumab + MTX
(-1.42) and tocilizumab 8 mg every 4 weeks without MTX (-0.87). Among patients with established RA, data were
available for only two biologics (certolizumab and infliximab). For both interventions, the mean difference at 1
year was greater in patients with established RA compared with those with early RA (infliximab: -5.65 versus -3.30,
respectively; certolizumab: -2.42 versus -1.42, respectively).

future science group www.futuremedicine.com 963
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Figure 2. Network of nine base case studies evaluating the effect of biologics on radiographic progression in
rheumatoid arthritis at 1 year.
Circles represent the drug being evaluated; lines represent direct comparisons of the biologic with MTX; numbers in
white boxes represent the number of studies included in each comparison.
ADA: Adalimumab; CZP: Certolizumab pegol; ETN: Etanercept; GOL: Golimumab; INF: Infliximab; MTX: Methotrexate;
RA: Rheumatoid arthritis; TCZ: Tocilizumab.

The SMD analysis (see Table 2) included data from 16 studies (9 base case studies reporting vdHS and 7 studies
reporting different modifications of Sharp scores). Results of the SMD analysis were consistent with those of the
base case analysis, which showed that all biologics in combination with MTX and tocilizumab without MTX
decrease radiographic progression compared with MTX alone. Most interventions showed a statistically significant
effect compared with MTX alone, except for golimumab 50 mg every 4 weeks and tocilizumab 8 mg every 4 weeks
without MTX.

Results of pairwise comparisons for each intervention in the base case, SMD and subgroup analyses support
the results obtained with the NMA model and SMD analyses (Supplementary Table 3). The pairwise comparisons
generally showed that radiographic progression in patients with moderately to severely active RA was significantly
decreased at 1 year in those treated with biologics in combination with MTX compared with those treated with
MTX alone. Pairwise comparisons across the biologic agents did not reveal significant differences in radiographic
progression changes which conclusively favored one biologic agent versus the other biologic comparators.

Risk of bias assessments were conducted on the 16 trials included in the analysis [32,36–50]. In the case of the five
conference abstracts [36,42,43,49,50] respective full-text publications were used for the assessments [51–55]. A summary

964 J. Comp. Eff. Res. (2018) 7(10) future science group
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Table 2. Mean differences (95% credible intervals) at 1 year versus methotrexate for standardized mean differences and
subgroup analyses.
Interventions Early RA Established RA SMD

ABA 10 mg every 4 weeks + MTX NA NA -0.27 (-0.46, -0.09)

ADA 40 mg every 2 weeks + MTX -3.83 (-7.12, -0.31) NA -0.34, (-0.53, -0.18)

CZP 200 mg every 2 weeks + MTX -1.42 (-2.08, -0.76) -2.42 (-3.66, -1.21) -0.33 (-0.49, -0.17)

ETN 50 mg every week + MTX -2.18 (-3.27, -1.08) NA -0.35 (-0.61, -0.09)

GOL 50 mg every 4 weeks + MTX -0.64 (-1.76, 0.44) NA -0.13 (-0.42, 0.17)

INF 3 mg every 8 weeks + MTX -3.30 (-4.58, -2.02) -5.65 (-8.48, -2.70) -0.49 (-0.73, -0.29)

RTX 1000 mg + MTX NA NA -0.34 (-0.57, -0.13)

TCZ 4 mg every 4 weeks + MTX -0.72 (-1.42, 0.002) NA -0.25 (-0.42, -0.07)

TCZ 8 mg every 4 weeks -0.87 (-1.75, -0.03) NA -0.23 (-0.47, 0.01)

Number of studies 7 2 16

ABA: Abatacept; ADA: Adalimumab; CZP: Certolizumab pegol; ETN: Etanercept; GOL: Golimumab; INF: Infliximab; MTX: Methotrexate; NA: Not applicable; RA: Rheumatoid arthritis; RTX:
Rituximab; SMD: Standardized mean difference; TCZ: Tocilizumab; vdHS: van der Heijde Total Sharp Score.

Table 3. Risk of bias assessment.
Trial Selection bias Performance bias Detection bias Attrition bias Reporting bias Other sources of

biasRandom sequence
generation

Allocation
concealment

Blinding of
participants and
personnel

Blinding of
outcome
assessment

Incomplete
outcome data

Selective reporting
bias

AGREE [37] Unclear risk Unclear risk Low risk Low risk Low risk Low risk Low risk

AIM [36,51] Low risk Low risk Unclear risk Low risk Low risk Low risk Low risk

ASPIRE [46] Low risk Low risk Unclear risk Unclear risk Low risk Low risk Low risk

ATTRACT [47] Unclear risk Unclear risk Unclear risk Unclear risk High risk Low risk Low risk

C-EARLY [42,52] Low risk Low risk Low risk Unclear risk Low risk Low risk Low risk

COMET [44] Low risk Low risk Low risk Low risk Low risk Low risk Low risk

C-OPERA [41] Low risk Low risk Unclear risk Low risk Low risk Low risk Low risk

DE019 [40] Unclear risk Unclear risk Unclear risk Low risk Low risk Low risk Low risk

FUNCTION [50,53] Unclear risk Unclear risk Unclear risk Unclear risk Low risk Low risk Low risk

GO-BEFORE [45] Low risk Low risk Low risk Unclear risk Low risk Low risk Low risk

HIT HARD [38] Unclear risk Unclear risk Unclear risk Low risk Low risk Low risk Low risk

IMAGE [32] Unclear risk Unclear risk Low risk Low risk Low risk Low risk Low risk

LITHE [49,55] Unclear risk Unclear risk Unclear risk Low risk Low risk Low risk Low risk

PREMIER [39] Unclear risk Unclear risk Unclear risk Low risk Low risk Low risk Low risk

RAPID 1 [43,54] Unclear risk Unclear risk Unclear risk Low risk Low risk Low risk Low risk

SCORE [48] Low risk Low risk Unclear risk Low risk Low risk Low risk Low risk

of the risk of bias assessment is presented in Table 3. In the 16 trials, the risk of selection bias was mainly low or
unclear for random sequence generation and allocation concealment. The risk of performance bias, pertaining to
blinding of participants and personnel, was mainly unclear as study authors simply described the study as ‘double-
blind’ with no further details on how blinding was done and maintained throughout the trial. The risk of detection
bias (pertaining to blinding of outcome assessors) and attrition bias (pertaining to incomplete outcome data) was
mainly low. In the ATTRACT trial, the risk of attrition bias was assessed as high [47]. In this trial, no methods
were employed to impute missing data; participants with missing data were excluded from analysis. Additionally,
discontinuations were greater in the methotrexate alone group (50%) compared with all the groups that received
infliximab plus methotrexate (21%), with lack of efficacy as the reason for discontinuation also being greater in
the group that received methotrexate alone (36 vs 12%) [47]. All trials had low risk of reporting bias (pertaining to
selective reporting of outcomes) and other sources of bias.

As shown in Table 4, radiographic data (spanning 2–10 years of follow-up) were found in 17 unique trials [8–32].
Direct comparisons of these trials are difficult because the study designs are different. For example in some studies,
patients could cross over to treatment with the biologic agent (early escape) if defined study criteria were met during
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Table 4. Long-term studies reporting radiographic data.
Intervention Study acronym Follow-up Radiographic progression results Conclusions

ABA + MTX AGREE [8] 2, 3, 5 years AGREE – ABA 10 mg every 4 weeks + MTX
Mean change in Genant score from BL to year 2: ABA + MTX, 0.84;
MTX: 1.75; no radiographic progression from BL to year 2 in 56.8
and 43.8% of patients, respectively

Early treatment with
ABA + MTX resulted in sustained
clinical, functional and radiographic
benefits compared with MTX alone

AIM [9–11] – AIM – ABA 10 mg every 4 weeks + MTX
Mean change in Genant score from BL to year 2: ABA + MTX, 1.55;
MTX, 3.17; Mean change from year 2 to year 3: ABA + MTX,
0.37;Mean change from year 3 to year 4: ABA + MTX, 0.34;Mean
change from year 4 to year 5: ABA + MTX, 0.26; no radiographic
progression from year 1 to 5 in 71.9% of ABA + MTX-treated
patients

–

ADA + MTX PREMIER [12–14] 2, 3, 5, 10 years PREMIER – ADA 40 mg every 2 weeks + MTX
Mean change in vdHS from BL to 2-year: ADA + MTX, 1.2; MTX,
6.6; BL to year 3: ADA + MTX, 1.6; MTX, 8.2; Mean change from BL
to year 5: ADA + MTX, 2.9; MTX, 9.7; Mean change from BL to year
10: ADA + MTX, 4.0; MTX, 11.0; no radiographic progression in
66.7% of patients

Long-term ADA + MTX treatment
resulted in clinical and functional
disease control and dramatically
slowed annual radiographic
progression over 10 years

DE019 [13,15] – DE019 – ADA 40 mg every 2 weeks + MTX
Mean change in vdHS from BL to year 3: ADA + MTX, 0.0; MTX,
3.7; Mean change from BL to year 5: ADA + MTX, 0.8; MTX, 3.9;
Mean change from BL to year 10: ADA + MTX, 0.7; MTX, 6.2

–

CZP + MTX RAPID 1 [16] 2 years RAPID 1 – CZP 200 mg every 2 weeks + MTX
Mean change in vdHS from BL to year 2: CZP + MTX, 0.85; no
radiographic progression in 72.4 and 51.5% of patients treated
with CZP + MTX and MTX, respectively

CZP + MTX treatment provided
2-year inhibition of radiographic
progression and sustained
improvements in RA clinical signs
and symptoms

ETN + MTX JESMR [17] 2, 3 years JESMR – ETN 50 mg every week + MTX
Mean change in vdHS from BL to year 2: ETN + MTX, 1.2; ETN, 6.6

ETN + MTX treatment resulted in
disease remission and sustained
inhibition of radiographic
progression over 3 years

COMET [18] – COMET – ETN 50 mg every week + MTX
Mean change in vdHS from BL to year 2: ETN + MTX, 0.33; MTX,
4.65; no radiographic progression in 90 and 67% of patients,
respectively

–

TEMPO [19,20] – TEMPO – ETN 50 mg every week + MTX
Mean change in vdHS from BL to year 2: ETN + MTX, -0.56; MTX,
3.34; Mean change from BL to year 3: ETN + MTX, -0.14; MTX, 5.95;
no radiographic progression at year 3 in 76 and 51% of patients,
respectively

–

GOL + MTX GO-FURTHER [21] 2, 3, 5 years GO-FURTHER – GOL 2 mg/kg every 8 weeks
Mean change in vdHS from BL to year 2: GOL + MTX, 0.74; MTX:
2.10; no radiographic progression at year 2 in 61.8 and 54.8% of
patients in the GOL + MTX and MTX groups, respectively

Clinical response including minimal
radiographic progression was
maintained during long-term
treatment with GOL + MTX

GO-BEFORE [22] – GO-BEFORE – GOL 50 mg every 4 weeks
Mean change in vdHS from BL to year 5: GOL + MTX, 0.72; MTX,
2.28; no radiographic progression in 62.5 and 54.2% of patients,
respectively

–

GO-
FORWARD [23,24]

– GO-FORWARD – GOL 50 mg every 4 weeks
Mean change in vdHS from BL to year 2: GOL + MTX, 0.51; MTX,
1.15; no radiographic progression in 67.5 and 20.9% of patients in
GOL + MTX and MTX groups, respectively. Mean change from BL
to year 5: MTX + GOL, 2.44; MTX, 3.17; no radiographic
progression in 59.5 and 54.7% of patients in the GOL + MTX and
MTX groups, respectively

–

GO-FORTH [25] – GO-FORTH – GOL 50 mg every 4 weeks
Mean change in vdHS from BL to year 2: GOL 50 mg + MTX, 2.3;
MTX, 1.5; no radiographic progression in 83.6 and 89.9% of
patients, respectively. Mean change from BL to year 3: GOL 50 mg
+ MTX, 4.1; MTX, -0.2; no radiographic progression in 79.4 and
89.9% of patients, respectively

–

INF + MTX ATTRACT [26] 2 years ATTRACT – INF 3 mg every 8 weeks + MTX
Change in median vdHS from BL to year 2 was 4-times greater in
the MTX group vs INF + MTX group

INF + MTX inhibited the progression
of structural damage in patients
with early RA during the 2-year
treatment period

Italic text represents outcome name and timepoint.
ABA: Abatacept; ADA: Adalimumab; BL: Baseline; CZP: Certolizumab pegol; ETN: Etanercept; GOL: Golimumab; INF: Infliximab; MTX: Methotrexate; RTX: Rituximab; TCZ:
Tocilizumab; vdHS: Modified van der Heijde Total Sharp Score.
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Table 4. Long-term studies reporting radiographic data (cont.).
Intervention Study acronym Follow-up Radiographic progression results Conclusions

TCZ + MTX ACT-RAY [27] 2, 3, 5 years ACT-RAY – 8 mg/kg TCZ + MTX; 8 mg/kg TCZ
Mean change in Genant score from BL to year 2: 8 mg/kg TCZ +
MTX, 0.35; 8 mg/kg TCZ, 0.95; no radiographic progression in 94.4
and 91.1% of patients, respectively

Greater inhibition of radiographic
progression in patients treated
long-term with TCZ + MTX
compared with MTX; clinical benefit
(response, remission and physical
function) was maintained

FUNCTION [28] – FUNCTION – 4 mg/kg TCZ + MTX; 8 mg/kg TCZ + MTX; 8 mg/kg
TCZ
Mean change in vdHS from BL to year 2: 4 mg/kg TCZ + MTX, 1.43;
8 mg/kg TCZ + MTX, 0.19; 8 mg/kg TCZ, 0.62; MTX, 1.88; no
radiographic progression in 73, 83, 80 and 68% of patients,
respectively

–

LITHE [29–31] – LITHE – 4 mg/kg TCZ + MTX; 8 mg/kg TCZ + MTX
Mean change in Genant score from BL to 2 years: 4 mg/kg TCZ +
MTX, 0.58; 8 mg/kg TCZ + MTX, 0.37; MTX, 1.96; no radiographic
progression from year 1 to year 2 in 80.6, 93.4 and 86.8% of
patients, respectively. Mean change from BL to 3 years: 4 mg/kg
TCZ + MTX, 0.71; 8 mg/kg TCZ + MTX, 0.72; MTX, 1.78; no
radiographic progression from BL to year 3 in 67, 69 and 51% of
patients, respectively. Mean change from BL to year 5: 4 mg/kg or
8 mg/kg TCZ + MTX, 1.34, MTX, 3.02; no radiographic progression
from BL to year 5 in 52.7 and 34.9% of patients, respectively

–

RTX + MTX IMAGE [32] 2 years IMAGE – 1000 mg RTX + MTX
Mean change in Genant score from BL to year 2: RTX + MTX, 0.41;
MTX, 1.95; no radiographic progression in 57 and 37% of patients,
respectively

Treatment with RTX + MTX over 2
years was associated with sustained
improvements in radiographic,
clinical and functional outcomes

Italic text represents outcome name and timepoint.
ABA: Abatacept; ADA: Adalimumab; BL: Baseline; CZP: Certolizumab pegol; ETN: Etanercept; GOL: Golimumab; INF: Infliximab; MTX: Methotrexate; RTX: Rituximab; TCZ:
Tocilizumab; vdHS: Modified van der Heijde Total Sharp Score.

the double-blind treatment phase of the study [21–25], and in other studies patients crossed over to the treatment
with the biologic when they entered the open-label extension phase of the study after completing the double-blind
phase [8–12,14–16]. Despite the differences in study design, results of these studies demonstrate sustained slowing
of radiographic progression for the biologics (abatacept, adalimumab, certolizumab, etanercept, golimumab and
infliximab) in combination with MTX and for tocilizumab ± MTX.

Two trials (PREMIER and DE019) assessed the effect of a biologic agent on radiographic progression in RA
over a 10-year period of time [12,56]. The PREMIER study examined the effects of adalimumab with and without
methotrexate in patients with early RA [12]. In PREMIER, patients were randomly assigned to receive adalimumab
+ MTX, adalimumab alone or MTX alone for 2 years. Following the 2-year double-blinded period, patients were
given adalimumab for up to 8 additional years, beginning as monotherapy; MTX could be added at the investigator’s
discretion. Results of PREMIER demonstrated that radiographic progression was prevented to a greater extent in
patients initially randomized to adalimumab + MTX than in those initially receiving adalimumab alone or MTX
alone (vdHS: 4.0, 8.8 and 11.0 at year 10, respectively) [12]. DE019 examined the long-term effectiveness of
adalimumab in patients with established RA. In DE019, patients received adalimumab 20 mg weekly + MTX,
adalimumab 40 mg every 2 weeks + MTX, or MTX alone during the 1-year double-blind treatment phase.
The patients who completed DE019 could receive open-label adalimumab 40 mg every 2 weeks + MTX for an
additional 9 years. Inhibition of radiographic progression was sustained in patients who received ADA + MTX [56].
It was noted that patients who initially received adalimumab + MTX had significantly lower mean change in vdHS
at year 10 than those who received MTX alone (0.7 vs 6.2, respectively; p = 0.001) [56] suggesting that it is possible
to prevent irreversible damage in patients with established RA. Results of a longitudinal, integrated analysis of the
data from PREMIER and DE019 showed that treatment of RA with ADA ± MTX dramatically slowed annual
radiographic progression over 10 years [13].

Discussion
Our systematic literature search identified 16 studies that matched the predefined criteria for PICO to evaluate
the effects of biologics + MTX compared with MTX alone on 1-year radiographic progression using total Sharp
scores in patients with RA; all 16 were included in evidence synthesis [32,36–50] and nine were included in the
base case NMA model [38,41–47,50]. Findings of the current study support the value of biologics in the inhibition
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of radiographic progression among patients with RA. Some biologics like adalimumab have up to 10 years of
radiographic inhibition evidence in patients with early and established RA reported in the literature [13,56]; future
studies are required to confirm these long-term findings for other biologics.

Similarity was assessed by examining clinical and study-level sources of variation including differences across
studies in early versus established RA and type of Sharp score used. Results in patients with early RA were slightly
better for some biologics suggesting that patients who initiated treatment early may experience less radiographic
progression. However, results of this subgroup analysis should be interpreted with caution because of the limited
number of studies available. Although, all the studies we selected for analysis measured radiographic progression
in patients with RA, there are several versions of the Sharp radiographic scoring method (modified van der Heijde,
modified Genant and others), which have different scales [57,58]. As a result, the base-case model included only
those studies that reported the modified vdHS as this was the most commonly used outcome measure across the
various biologics. In order to include all available trials in a single analysis, we performed a sensitivity analysis by
standardizing the means of radiographic progression scores across the multiple radiographic progression scoring
systems (i.e., SMD analysis). The findings of the SMD analysis revealed similar trends as the base case analysis,
in other words, all biologics in combination with MTX decreased radiographic progression compared with MTX
alone.

We qualitatively reviewed data on long-term radiographic progression because randomized clinical trials assessing
radiographic progression beyond the 1-year time frame for all of the biologics are lacking. Although our qualitative
assessment shows that within each of the reviewed randomized clinical trials all the examined biologics inhibited
radiographic progression beyond the 1-year time point, there may be differences in the rates of radiographic
progression between these agents. It is possible that these variable inhibition rates may result in differences in the
magnitude of the efficacy of the various biologics beyond 1 year. Future randomized clinical trials should consider
long-term, open-label extension studies to confirm that the shorter-term findings of the efficacy of biologics in
inhibiting radiographic progression are maintained over a longer treatment period.

The clinical relevance of inhibiting radiographic progression among patients with moderately to severely active
RA is clear. A published systematic review of studies examining the association between joint damage and functional
disability among patients with RA showed that an increase in joint damage is associated with an increase in disability
over time [59]. Thus, preserving the structural integrity of the joints is important, not only to prevent loss of physical
function, but also to reduce pain and fatigue, all of which can improve attendance at work, productivity at work
and performance of various tasks at home, as well as participation in social and leisure activities [60]. Results of our
base case analysis showed that adalimumab + MTX and infliximab + MTX decreased radiographic progression at
1 year to a greater extent than the other biologics (certolizumab pegol, etanercept, golimumab or tocilizumab) +
MTX compared with MTX alone. Similar results were seen in the subgroup population with early RA.

As imaging technology, such as MRI, has become more recognized as an important tool in the assessment of
patients with RA, its use in the early detection and prognosis of RA is being evaluated [61]. Studies have shown that
progressive erosive disease can occur in 19–40% of patients who are in clinical remission [62–64]. These findings
have raised the issue of whether remission criteria should be extended to include imaging criteria in treat-to-target
guidelines. Future studies are needed to examine the relationship between imaging results and synovial pathobiology
in patients with RA before and after therapeutic interventions [61] to determine criteria for imaging remission despite
clinical remission. The patients with RA who attain remission show better function, health-related quality of life
and productivity even when compared with a low-disease activity state [65]. From a cost perspective, those with
higher states of disease activity incur higher direct and indirect costs, making remission a worthwhile goal to reduce
the burden to both patients and society [65].

Other recent network meta-analyses have assessed the radiographic progression benefits associated with biologics
in RA patients who were naive to MTX and in those who had an inadequate response to MTX or other DMARDs [66–

68]. Hazelwood et al. [68] found that MTX in combination with adalimumab, etanercept, certolizumab or infliximab
was statistically superior to MTX alone in preventing joint damage at 1 year in MTX-naive patients, though not
in patients with a previous inadequate response to MTX. Conversely, Singh et al. [66] found no benefit of using
biologics + MTX versus MTX alone to prevent radiographic progression in MTX-naive patients, but did find
a statistically significant benefit in favor of biologics among patients who had an inadequate response to MTX
or other DMARDs [67]. In our study, patients were predominantly MTX/DMARD-naive and biologic-naive. All
studies had to have radiographic progression assessed at a minimum of 1 year (using total Sharp scores) and patients
had to receive treatment for ≥4 weeks. Results of our analyses generally agree with those of Hazlewood et al. [68].
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ADA 40 mg every 2 weeks + MTX

Author (year) Mean difference [95% Crl]

CZP 200 mg every 2 weeks + MTX
Emery P (2015)
van der Heijde D (2007)
Atsumi T (2016)
 NMA result

Detert J (2013)
 NMA result

ETN 50 mg every week + MTX
Emery P (2008)
 NMA result

GOL 50 mg every 4 weeks + MTX
Emery P (2013)
 NMA result

TCZ 4 mg/kg every 4 weeks + MTX
Burmester G (2013)
 NMA result

TCZ 8 mg/kg every 4 weeks
Burmester G (2013)
 NMA result

INF 3 mg/kg every 8 weeks + MTX
Smolen JS (2006)
Lipsky PE (2000)
 NMA result

-1.70 [-2.71, -0.69]
-2.40 [-3.62, -1.18]
-1.22 [-2.09, -0.35]
-1.65 [-2.22, -1.07]

-3.80 [-7.23, -0.37]
-3.77 [-7.27, -0.41]

-2.17 [-3.24, -1.10]
-2.16 [-3.28, -1.09]

-0.63 [-1.71, 0.45]
-0.62 [-1.69, 0.45]

-0.72 [-1.44, 0.00]
-0.72 [-1.46, -0.04]

-0.88 [-1.76, 0.00]
-0.88 [-1.74, 0.00]

-3.30 [-4.57, -2.03]
-5.70 [-8.58, -2.82]
-3.70 [-4.88, -2.51]

20-2-4

Mean difference

-6-8-10

Figure 3. van der Heijde Total Sharp Score at 1 year: base case (nine studies).
ADA: Adalimumab; CrI: Credible interval; CZP: Certolizumab pegol; ETN: Etanercept; GOL: Golimumab; INF:
Infliximab; MTX: Methotrexate; NMA: Network meta-analysis; TCZ: Tocilizumab.

In our base case analysis (Figure 3), we found that radiographic progression at 1 year was statistically significantly
inhibited in those on adalimumab, certolizumab, etanercept, infliximab and tocilizumab in combination with
MTX compared with those on MTX alone. In our SMD analysis (Table 2), radiographic progression at 1 year
was significantly inhibited with all biologics, except golimumab, in combination with MTX compared with MTX
alone.

Head-to-head trials assessing the comparative effect of biologics on radiographic progression are limited. The
current study, using Bayesian NMA, provides a means of making comparisons among biologics to fill this gap in
the literature and is among the first to review the radiographic efficacy of biologics. NMA relies on the following
assumptions: there is similarity across studies in the patients included and common comparators, the treatment
effects are transitive, and that there is consistency of evidence [69–72]. We were limited to the aggregate (study-level)
reported data in our assessment of differences across studies. The availability of patient-level data for the entire
evidence base would allow for a more complete exploration of homogeneity and similarity. We are also limited
in our ability to perform subgroup analysis of biologic-naive versus biologic-experienced patients. Although many
of the studies had low levels of patients with previous biologic use, outcomes are not reported for this subgroup
of patients. Results of some studies may not have been published yet. We attempted to address this limitation by
including conference abstracts for the data that were analyzed, but this was not an exhaustive process. Finally, while
the relative effect was the largest for adalimumab, the CI was wide suggesting that additional studies are needed to
decrease the uncertainty and confirm the findings of this analysis.
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Conclusion
Results of this meta-analysis demonstrate that in patients with RA, biologics and MTX provide additional inhibition
of radiographic progression as compared with MTX alone. Some biologics like adalimumab have published evidence
of inhibition of radiographic progression in patients with early and established RA for up to 10-years of follow-up.
Longer-term studies are needed to provide further evidence of the inhibition of radiographic progression beyond 1
year.

Future perspective
The current treat-to-target guidelines for RA recommend clinical remission be the therapeutic target as defined by
ACR-EULAR remission criteria [73] because clinical trials and practice and most of the inflammatory rheumatology
literature addressing radiographic changes, disability and quality of life among patients with RA is based on clinical
observations and not on observations using imaging techniques [74]. However, it is recognized that inflammation
may still be present in patients who are in clinical remission and there is discussion about expanding remission
criteria by adding imaging criteria to the clinical composite indices in the ‘treat-to-target’ recommendations. In
order to include radiographic progression as a target, decisions need to be made about the level of inflammation
that can be tolerated, what imaging method should be used (radiography, CT scan, MRI and ultrasound), what
joints should be assessed, and which cut-off point should be used [75]. We expect that the relationship between
imaging technology and synovial pathobiology will be defined as future studies use this technology to examine
synovial tissue along with joint damage at different disease stages before and after treatment with established and
newly emerging biologic therapies.

In addition, a greater number of clinical trials in RA in the future are likely to have longer-term open-label
follow-up periods due to the growing interest in understanding the efficacy of such therapies beyond the typical
time-frame of a clinical trial. Radiographic data are also more likely to be gathered through real-world sources
such as patient registries. We also expect to see more meta-analyses published in RA on the topic of radiographic
progression as well as other patient-centric outcomes such as pain, fatigue, physical functioning, work productivity
and disease remission.

Summary points

• Information on comparative efficacy of biologics in inhibiting radiographic progression in rheumatoid arthritis is
limited.

• We conducted Bayesian network meta-analysis (NMA) of published clinical trials to compare 1-year radiographic
efficacy of biologics in patients with rheumatoid arthritis.

• We qualitatively reviewed radiographic data beyond 1 year, in the absence of published clinical trials to build
NMA models beyond 1 year.

• In the base case NMA model at 1 year, all biologics in combination with MTX and tocilizumab without MTX
showed decreased radiographic progression at 1 year compared with MTX alone.

• Qualitatively, long-term radiographic data (spanning 2–10 years of follow-up) showed sustained slowing of
radiographic progression for biologics; however, only a few biologics have radiographic progression data beyond
2 years with adalimumab having up to 10 years of published data available.

• Long-term, open-label extension studies are needed to confirm that inhibition of radiographic progression is
sustained beyond 1 year.
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