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Abstract

Background Our aim was to compare the efficacy of rituximab, tocilizumab, and abatacept in individuals with rheu-
matoid arthritis (RA) refractory to treatments with MTX or TNFi agents.

Methods We searched 6 databases until January 2023 for phase 2-4 RCTs evaluating patients with RA refractory to
MTX or TNFi therapy treated with rituximab, abatacept, and tocilizumab (intervention arm) compared to controls.
Study data were independently assessed by two investigators. The primary outcome was considered as achieving
ACR70 response.

Results The meta-analysis included 19 RCTs, with 7,835 patients and a mean study duration of 1.2 years. Hazard
ratios for achieving an ACR70 response at six months were not different among the bDMARDs, however, we found
high heterogeneity. Three factors showing a critical imbalance among the bDMARD classes were identified: baseline
HAQ score, study duration, and frequency of TNFi treatment in control arm. Multivariate meta-regression adjusted to
these three factors were conducted for the relative risk (RR) for ACR70. Thus, heterogeneity was attenuated (12 = 24%)
and the explanatory power of the model increased (R2 =85%). In this model, rituximab did not modify the chance of
achieving an ACR70 response compared to abatacept (RR=1.773, 95%C| 0.113-10.21, p=0.765). In contrast, abata-
cept was associated with RR=2.217 (95%Cl 1.554-3.161, p<0.001) for ACR70 compared to tocilizumab.

Conclusion We found high heterogeneity among studies comparing rituximalb, abatacept, and tocilizumab. On
multivariate metaregressions, if the conditions of the RCTs were similar, we estimate that abatacept could increase the
chance of reaching an ACR70 response by 2.2-fold compared to tocilizumab.
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Abatacept could increase the chance of reaching an ACR70 response by 2.2-fold compared to tocilizumab.

Keywords Rheumatoid arthritis, Rituximab, Abatacept, Tocilizumab, bDMARD, American college of rheumatology,

Network meta-analysis, Meta-regression

Introduction

Successive paradigm shifts have marked the treatment of
rheumatoid arthritis (RA) in the past two decades. Fol-
lowing the changing environment, clinical discussion
around the choice of immunobiologicals is increasingly
complex. Traditionally used as a first-line treatment after
methotrexate (MTX) failure, therapy with tumor necro-
sis factor inhibitors (TNFi) improves the quality of life of
most individuals with RA. However, at least one third of
individuals do not respond to these agents [1, 2].

Treatments with rituximab (RTX), abatacept (ABA),
and tocilizumab (TCZ) are available options [3-5]. These
three drugs have demonstrated good efficacy compared
to placebo, and similar or greater efficacy vs adalimumab
in head-to-head clinical trials, however, there are no
head-to-head studies comparing efficacy between them
[19, 31]. Such comparisons, unfortunately, will probably
never be carried out. In these scenarios, network meta-
analysis (NMA) could allow an approach to shed light on
this uncertain data.

There are three network meta-analyses [6—8] available
comparing drugs used in the treatment of patients with
RA refractory to TNFi or MTX therapies. Despite point-
ing to a similar effectiveness among drugs, it is impor-
tant to highlight that few data were available at the time
of publication of these studies, with their low statistical
power suggesting a risk of type II error greater than 30%.
Other meta-analyses of randomized or observational
studies [9, 10] presented a low quality and/or highly het-
erogeneous data. The essential problem with not having
a conclusive study demonstrating an equivalence among
drugs is that public policies based on cost minimization
can be arbitrarily implemented.

Thus, the absence of head-to-head trials between RTX,
ABA and TCZ and the low statistical power of previous
NMA make a new assessment of published studies and
a new study analyzing the combination of the efficacy of
such drugs essential. It is also important to understand
the existing heterogeneity among trials, finding ways
to mitigate it to allow an adequate comparison among
treatments.

In this sense, the aim of this study is to perform a sys-
tematic review seeking to evaluate randomized clini-
cal trials (RCTs) on the efficacy of RTX, TCZ, and ABA
in individuals with RA refractory to MTX or TNFi
therapies.

Methods

Study design

This systematic review used a NMA to investigate effi-
cacy of RTX, TCZ or ABA in patients with RA in RCTs.
The review was registered in PROSPERO under num-
ber CRD42020167953. This study followed PRISMA
statement [11].

Eligibility criteria

Inclusion criteria were restricted to RCTs phase 2—4
designed to evaluate treatment response in individuals
with RA refractory to treatment with TNFi agents or
MTX. Patients who did not achieve at least an ACR20
response were considered refractory. All RCTs should
assess the efficacy of treatments and include a RTX,
ABA, or TCZ intervention arm and a placebo arm
treated with or without MTX and/or TNFi agents (con-
trol arm). Only RCTs that used the ACR response crite-
rion (20, 50 and/or 70) and whose exposure to therapy
(either intervention or control) was at least 24 weeks
were considered eligible. Just articles in English and
that were published in full were selected.

We excluded literature reviews, editorials, confer-
ence records, congress annals or abstracts, in vitro
and animal model studies, qualitative studies, cross-
sectional studies, case—control studies, systematic
reviews, studies that evidenced alternative treatments
using antibiotics, studies with an exposure time of less
than 24 weeks, researches that considered patients with
other types of autoimmune diseases, investigations of
the use of TCZ, RTX, or ABA to treat other diseases,
studies that included patients with comorbidities (preg-
nancy, breastfeeding, histoplasmosis, coccidioidomyco-
sis, HIV, tuberculosis etc.), and analyses of individuals
with hypersensitivity to RTX, ABA, or TCZ.

Search strategy

To identify all RCTs that assess the relationship
between the efficacy of RTX, TCZ, and ABA in indi-
viduals with RA refractory to treatment with TNFi
agents or MTX, searches for original articles were con-
ducted in the MedLine (PubMed), Cochrane Library,
Embase, Web of Science, Scopus, and Latin American
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and Caribbean Literature in Health Sciences (LILACS)
databases until January 12, 2023.

The search strategy used is detailed in the Additional
file 1: Table S1. The term search was focused on titles,
keywords, and abstracts.

Study selection and data extraction

The first study selection stage consisted of reading the
titles, further encompassing abstracts and keywords.
Titles and abstracts of articles identified by the search
strategy were independently assessed by two authors of
the present study. In the second stage, the investigators
independently evaluated the full text of the articles and
made their selections according to the pre-specified eligi-
bility criteria. The Rayyan QCRI application (RayyanSys-
tems Inc., MA,EUA) was used to manage duplicate files.

In the second stage, the investigators independently
evaluated the full text of the articles and made their
selections according to the pre-specified eligibility crite-
ria. Primary and secondary outcomes were assessed. The
primary outcome was an ACR70 response according to
the American College of Rheumatology (ACR) criteria,
i.e., at least 70% improvement in the number of swollen
and painful joints and improvement in three of these five
parameters: physician’s global assessment of the disease,
patient’s global assessment of the disease, patient’s assess-
ment of pain, C-reactive protein or erythrocyte sedimen-
tation rate, and Health Assessment Questionnaire (HAQ)
score. The ACR score measures the rheumatic disease
activity and is used to measure differences in relation to
the baseline, showing a good relationship with the qual-
ity of life and functionality [12]. The ACR20, ACR50, and
ACR70 responses refer to an improvement of 20%, 50%,
and 70% in the ACR score, respectively.

The ACR70 response was chosen as the primary out-
come due to its high specificity in relation to the func-
tionality and quality of life improvement [13]. The
secondary outcomes were the ACR50 and ACR20
response criteria compared among treatments to identify
differences in the ACR response pattern.

Data extracted from studies were inserted, organized,
and standardized in a Microsoft Excel® (Microsoft Cor-
poration, One Microsoft Way Redmond, Washington,
EUA) spreadsheet.

Methodological quality and risk of bias

The methodological quality and risk of bias evaluation
was carried out independently by two investigators and
disagreements were solved by consensus. The certainty of
evidence for each study was assessed using the Grading of
Recommendations Assessment, Development and Evalua-
tion (GRADE) system [14]. The risk of bias was assessed
using the Cochrane Collaboration tool, which considers
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six dimensions: random sequence generation, allocation
concealment, blinding of participants and professionals,
blinding of outcome assessment, incomplete outcome
data, and selective outcome reporting [15].

Assessing consistency and heterogeneity

Aiming to explore the log Hazard Ratio(logHR) associa-
tion to achieve an ACR70 response, a meta-regression
analysis was performed, wherein the ABA treatment
effects depended on the study follow-up, on the presence
of TNFi therapies in the control arm, and on the mean
baseline HAQ score [16]. Sensitivity analyses were per-
formed by excluding the trials with the longest exposure
duration (in patient-years) by drug class.

Statistical analysis
A random effects model was used for the Bayesian net-
work meta-analysis (b(NMA) [16]. Means and standard
deviations were used to represent variables within the
RCTs. All outcomes were expressed as hazard ratios
(HRs) and corresponding 95% confidence intervals (CIs).
The analysis was performed using the Markov chain
Monte Carlo methods. Three chains were suitable, yield-
ing 5,000 iterations (20,000 per chain) and giving rise to
the subsequent distributions of the model parameters.
The Brooks-Gelman-Rubin method [17] was used for the
convergence diagnostics. The model goodness of fit was
assessed through the residual deviance. The I? statistic
was used to investigate the statistical heterogeneity and a
comparison-adjusted funnel plot was used to identify any
publication bias [18]. The 'node splitting’ approach was
adopted to measure the existing degree of inconsistency
[18].

Statistical analyses were performed using the R Studio
software, version 1.1.4 (R v.4.0.1 and R_Studio v.1.1.463,
Auckland, NZ) [19].

Results

Using the afore mentioned search terms and platforms,
we identified 600 citations (details in Additional file 1
section). After excluding duplicates, studies not including
TCZ, ABA, or RTX therapies and for being observational
studies, we found 19 trials to be included for qualitative
synthesis and meta-analysis. The PRISMA flowchart used
for selecting studies can be found in Additional file 1: Fig.
S1.

For our primary outcome meta-analysis, we included
19 RCTs with 7,835 patients (9,402 patient-years) ran-
domized to the intervention arm or to the control arm.
The mean age of patients included in the present study
was 52.3 years; 77.2% of these patients were women;
the mean disease duration was 8.7 years; and the mean
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follow-up was 1.2 years. Details of the basic trial charac-
teristics are presented in Additional file 1: Table S2.

Among the 19 selected trials, 31.5% (six) included TCZ
as intervention arm, 31.5% (six) included RTX as active
arm, and 31.5% (six) included ABA as intervention arm.
Only one study compared ABA with RTX. Additional
file 1: Fig. S2 shows the network of direct comparisons
among the treatment arms of included studies.

All studies had a low risk of bias according to the
Cochrane Collaboration tool (Additional file 1: Table S3)
and were of high quality according to the GRADE sys-
tem (Additional file 1: Table S4). As shown in Additional
file 1: Figure S3A-S3C, there was no significant publica-
tion bias in funnel charts and no significant small-study
bias according to the Egger tests.

ACR70

In the meta-analysis of random effects for the chance of
achieving an ACR70 response at six months, six studies
[20-25] with ABA therapy were selected. In these stud-
ies, 437 (25.6%) patients in the intervention arm and 250
(19.8%) patients in the control arm achieved an ACR70
response at six months and the observed HR was 1.35
(95% CI 1.17-1.55 p: 0.013, *=41% p for heterogene-
ity=0.013). For RTX, six studies were selected [26—31],
where 350 (23.5%) patients in the intervention arm and
107 (12%) patients in the control arm achieved an ACR70
response at six months, indicating a HR of 2.43 (95% CI
1.99-2.96 p<0.001, I*=64% p for heterogeneity <0.001).
For TCZ, six studies were selected [32-37], with 294
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(18.5%) patients in the intervention arm and 97 (11%)
patients in the control arm achieving an ACR70 response
at six months, with a HR of 1.53 (95% CI 1.24-1.89
p=0.002, ’=76% p for heterogeneity<0.001) (Addi-
tional file 1: Fig. S4A).

As shown in Table 1 and, direct and indirect com-
parisons suggest a superiority of ABA, TCZ, or RTX vs.
placebo, with TCZ showing a slightly lower magnitude
of effect (HR 2.765, 95% CI 1.240-6.692 p=0.009) com-
pared to ABA (HR 3.423, 95% CI 1.422- 8.709 p<0.001)
and to RTX (HR 3.494, 95% CI 1.530-8.658 p<0.001) in
achieving ACR70 response at six months. There was no
statistical difference between these drugs and the TNFi
therapy, considering 4 studies of ABA vs TNFi (HR 1.043
(95% CI 0.422, 2.242), p=0.59), 1 study of TCZ vs TNFi
(HR 0.839 (95% CI 0.373, 3.804), p=0.45) and 1 study of
RTX vs TNFi (HR 1.059 (95% CI 0.339, 2.581), p=0.51).
For all analyses, there was a slight inconsistency between
direct and indirect measures (Table 1, Indirect compari-
sons among bDMARD:s), but they showed a substantial
heterogeneity among RCTs (>40%) (Additional file 1: Fig.
S4A).

ACR50

For the chances of achieving an ACR50 response, we
selected the same studies as selected for the ACR70
response in six months. For ABA, 730 (43%) patients in
the intervention arm and 439 (34.7%) patients in the pla-
cebo arm were involved, with a HR of 1.28 (95% CI 1.17—
1.41 p<0.001, I*=54% p for heterogeneity=0.005). For

Table 1 Indirect comparisons among bDMARDs in active rheumatoid arthritis expressed in hazard ratios for achieving 70% of
American College of Rheumatology response at six months with sensitive analyses

ACR70 response rate, HR (95% Cl), p value

All trials

Excluding one trial from each class*

Abatacept versus Rituximab
Tocilizumab versus Rituximab
Tocilizumab versus Abatacept
Abatacept versus TNFi
Tocilizumab versus TNFi
Rituximab versus TNFi
Abatacept versus placebo
Tocilizumab versus placebo
Rituximab versus placebo

1.017 (0.373, 2.845), p=0.84
0.791(0.254,2.461),p=0.32
0.806 (0.263, 2.505), p=0.37
1.043 (0.422,2.242), p=0.59
0.839 (0373, 3.804), p=0.45
1.059 (0.339, 2.581), p=0.51
3423 (1.422,8.709), p<0.001

2.765 (1.240, 6.692), p=0.009
),

(
(
(
(
(
(
(
3.494 (1,530, 8.658), p<0.001

1.029 (0.324, 2.959), p=0.88
0.811(0.224,2.618), p=040
0.814(0.237,2.614), p=043
1.063 (0402, 2.492), p=0.56
0.814(0.331,4.007), p=041
1.042 (0.305, 2.886), p=0.67
3438(1.413,8.762), p<0.001
2.525(1.096,6.921), p=0.015
3.509 (1.522,8.676), p<0.001

Random effects standard deviation for all trials 0.854 (0.537, 1.408), Inconsistency factor (distance between direct and indirect effects) are 0.021 (— 2.661, 2.607,

p=0.988),0.032 (- 2.592, 2.557, p=0.934), 0.038 (— 2.711, 2.557, p=0.984), — 1.247 (— 3.628, 1.148 p=0.271), — 1.028 (- 3.924, 1.018 p=0.176), 0.150 (— 1.764, 2.109,
p=0.879),0.714 (- 1.353,2.751, p=0.468), — 1.278 (— 3.576, 1.094, p=0.248), 0.666 (— 1.304, 2.635, p=0.476), respectively for the node-split comparisons Abatacept
versus Rituximab, Tocilizumab versus Rituximab, Tocilizumab versus Abatacept, Abatacept versus TNFi, Tocilizumab versus TNFi, Rituximab versus TNFi, Abatacept
versus placebo, Tocilizumab versus placebo, Rituximab vs placebo. For ACR70 network meta-analysis model fit statistics posterior mean of the residual deviance
(D,es=40.1), and deviance information criterion (DIC) =77.1

TNFi tumor necrosis factor inhibitors; HR hazard ratio; ACR70 70% of American College of Rheumatology

" Sensitivity analysis: excluding trials with largest exposure (in patient-years) from each class
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RTX, 586 (39.4%) patients in the intervention arm and
201 (22.6%) patients in the control arm were involved,
with a HR of 1.94 (95% CI 1.70-2.20 p <0.001, ’=67%
p for heterogeneity <0.001). For TCZ, 537 (34%) patients
in the intervention arm and 178 (20.3%) patients in the
control arm were involved, with a HR of 1.75 (95% CI
1.52-2.02 p<0.001, *=79% p for heterogeneity <0.001)
(Additional file 1: Fig. S4B).

Indirect comparisons among the intervention arms
showed that ABA vs. RTX present a HR=1.052 (95%
CI 0.514-2.131, p=0.986), TCZ vs. RTX present a
HR=0.833 (95% CI 0.378-1.835 p=0.93), and TCZ vs.
ABA present a HR=0.879 (95% CI 0.393-1.961 p=0.91)
for achieving ACR50 in six months.

ACR20

Finally, for the chances of achieving an ACR20 response,
1,108 (65%) patients in the intervention arm and 644
(51%) patients in the placebo arm were included for
ABA, with a HR of 1.63 (95% CI 1.53-1.75, p<0.001,
1=84%, p for heterogeneity<0.001). For RTX, 880
(59.2%) patients in the intervention arm and 343 (38.5%)
patients in the control arm were involved, with a HR of
1.75 (95% CI 1.61-1.91 p<0.001, I>*=71% p for hetero-
geneity <0.001). For TCZ, 843 (53.2%) patients in the
intervention arm and 292 (33.4%) patients in the control
arm were involved, with a HR of 1.90 (95% CI 1.73-2.10
p<0.001, 1>’=85% p for heterogeneity<0.001) (Addi-
tional file 1: Fig. S4C).

When indirectly compared to each other, ABA vs. RTX
show a HR of 1.013 (95% CI 0.669-1.535 p=0.890) and
TCZ vs. ABA show a HR of 1.014 (95% CI 0.626—1.618
p=0.92).

Explaining the heterogeneity among RCTs

The spider chart shown in Fig. 1 presents an impor-
tant imbalance among studies in the frequency of TNFi
treatment in the control arm. RCTs with TCZ less
often included TNFi agents in the control arm: ABA,
50%; RTX, 43%; and TCZ, 17% (p=0.048). Besides,
the baseline HAQ score was significantly lower (ABA
1.68+0.15, RTX 1.68+023, and TCZ 1.50+0.17;
p=0.049). The mean follow-up time (total study dura-
tion) among RCTs was significantly longer in trials with
ABA (25+18.75 months) compared to those with RTX
(9.43+3.21) and TCZ (6.00+0) (p=0.015). Baseline
28-joint Disease Activity Score (DAS28) also showed an
imbalance among trials, but this variable was excluded
from the meta-regressions for presenting a high collin-
earity with the baseline HAQ score (Additional file 1: Fig.
S5A).
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Meta-regressions

Meta-regressions were conducted to assess the impact of
treatments on the ACR70 response in a manner adjusted
to the baseline HAQ score, study follow-up time (total
study duration), and frequency of TNFi treatment in the
control arm (Additional file 1: Fig. S5B). These 3 explana-
tory variables were found after exploring all potential
predictors of ACR70 response such as percentage of
women, glucocorticoid use, patients’ age, MTX dose,
duration of RA, baseline HAQ, baseline DAS28, study
follow-up time and frequency of TNFi treatment in the
control arm.

These explanatory variables were chosen in a forward
stepwise process, and all the 3 variables were associ-
ated with the ACR70 response in univariate regressions
and were imbalanced among treatment arms. As shown
in Table 2, each 0.1 point over the mean baseline HAQ
in each study was associated with a RR of 2.043 (95%CI
1.032-14.44, p for difference=0.028, R*=13%, I>=89%,
p for heterogeneity<0.001) for achieving an ACR70
response (Additional file 1: Fig. S4B). Additionally, the
presence of an TNFi therapy in the control arm of any
RCT was associated with a RR of 0.316 (95% CI 0.134—
0.746, p for difference=0.009, R*=27%, 1>=85%, p for
heterogeneity <0.001) (Additional file 1: Fig. S4A) and
each additional month of follow-up was associated with a
RR of 0.980 (95% CI 0.961-0.996, p for difference =0.048,
R2=9%, >=71%, p for heterogeneity <0.001) for achiev-
ing an ACR70 response.

In a multivariate model with the ACR70 response as
an outcome and the covariates treatments in the inter-
vention arm (RTX vs. ABA and TCZ vs. ABA), baseline
HAQ score, follow-up time, and frequency of TNFi treat-
ment in the control arm (Table 2), the heterogeneity was
reduced (I?=24%, p for heterogeneity=0.27) and the
explanatory power of the model increased (R*>=85%). In
this model, ABA did not modify the chance of achieving
an ACR70 response when compared to RTX (1.773, 95%
CI 0.113-10.21, p=0.765). In contrast, ABA was associ-
ated with a RR of 2.217 (95% CI 1.554-3.161, p for dif-
ference <0.001) when compared to TCZ for achieving an
ACR?70 response. It means that, if the conditions of the
RCTs were similar, ABA could increase the chance of
achieving an ACR70 response by 2.22-fold when com-
pared to TCZ. In this model, the meta-regression of RTX
vs TCZ was not included in Model 4 as this covariate
showed high collinearity with other covariates (variance
inflation factor of 9 with ABA vs TCZ).

Sensitivity analyses
Sensitivity analyses were performed considering
the exclusion of the RCTs with the longest exposure
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ACR20 ABA

RTX

Q TCZ

ACRS0 Time with.RA_neg vs ACR70
&
.
ACR70 . Followup.t_neg.vs.ACR70
¥
Background.antiTNF_neg.vs. ACR70 Baseline.HAQ_posit.vs. ACR70

Fig. 1 The Spider chart describes the imbalance among RCTs characteristics included in the meta-analysis according to the non-TNFi treatment
used in active arm (ABA, RTX or TCZ). The suffix "_posit.vs. ACR70" represent the independent variables that show positive association with ACR70
response, and the suffix "_neg.vs.ACR70" represent the independent variables that show negative association with ACR70 response. Example: the
higher the follow-up time (suffix "_neg.vs. ACR70"), the lower the chance of achieving ACR70 response. Followup.t: follow-up time (total study
duration); ACR70: 70% achieving ACR response; ACR50: 50% achieving ACR response; ACR20: 20% achieving ACR response. Background TNFi:
percentage of individuals on tumor necrosis factor (TNF) inhibitors; HAQ: Health Assessment Questionnaire score; ABA: abatacept; RTX: rituximab;
TCZ: tocilizumab; ACR: American College of Rheumatologists

durations (highest number of patient-years), one study  Discussion

being excluded for each class of non-TNFi biological The present NMA showed no significant differences
drug [20, 25, 33]. As shown in Table 1, the exclusion of  between tocilizumab, abatacept and rituximab to achieve
such studies did not modify the results. ACR70 response in six months in patients with RA
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Table 2 Meta-regression models for achieving 70% of American College of Rheumatology response at total of study duration

(mean= 14 months) as dependent variable

RR 95% ClI p
Lower bound Upper bound

Model 1

Mean baseline HAQ (each additional 0.1 point) 2.0433 1.0328 14.4460 0.028
Model 2

Background TNFi in control arm (yes vs no) 03166 0.1345 07460 0.009
Model 3

Follow-up time (each additional 1 month) 09714 0.9522 0.9920 0.007
Model 4

Mean baseline HAQ (each additional 0.1 point) 2.0332 1.0141 14.6164 0.045
Background TNFi in control arm (yes vs. no) 0.2187 0.1341 0.3567 <0.001
Follow-up time (each additional 1 month) 0.9763 0.9504 0.9899 0.016
ABA versus RTX 1.7736 0.1134 10.2165 0.625
ABA versus TCZ 22171 1.5541 3.1614 <0.001

RR relative risk; HAQ Health Assessment Questionnaire score; TNFi tumor necrosis factor inhibitors; ABA abatacept; RTX rituximab; TCZ tocilizumab; ACR70 70% of

American College of Rheumatology

refractory to methotrexate or TNFi agents, but these
findings yielded high heterogeneity. Heterogeneity was
mostly explained by 3 factors: baseline HAQ score, study
duration, and frequency of TNFi treatment in control
arm. To control these unbalanced characteristics, multi-
variate meta-regression adjusted to these 3 factors were
performed and showed that ABA was associated with
RR of 2.22 (95% CI 1.55-3.16, p<0.001) for ACR70 com-
pared to TCZ, with attenuated heterogeneity and high
explanatory power.

In meta-regressions, each increment of 0.1 point in
the baseline HAQ score was associated with a twofold
greater chance of achieving an ACR70 response, while
such chance was reduced by 68% with the use of an TNFi
therapy in the control arm and by 2% with each addi-
tional follow-up month. These findings are data-driven
rather than hypothesis-driven. However, we believe that
RCTs that select individuals with better quality of life at
baseline (despite uncontrolled RA) may have unmeas-
ured factors (biological, psychological, social) that may
increase their response of TCZ, ABA or RTX. In the case
of TNFi users, it is more obvious to think that marginal
gain with a second bDMARDs will be smaller than indi-
viduals not taking TNFi. Finally, the longer the expo-
sure time to bDMARD:s after 6 months may increase the
chance to identify new individuals with disease flares or
therapy failures.

As shown in the spider chart, ABA trials had a signifi-
cantly longer duration compared to RTX and TCZ trials,
while RCTs with ABA and RTX included TNFi agents in
the control arm more frequently than the TCZ ones. Both
these characteristics reduce the propensity of trials with

ABA to drive an ACR70 response. Thus, in multivariate
meta-regressions compensating for the effect of unbal-
anced characteristics, it is suggested that the use of ABA
increases the chance of achieving an ACR70 response
compared to the use of TCZ. However, it is important to
understand that these are hypothesis-generating findings
that need to be confirmed in a specific RCT.

The findings of our NMA comply with that of three
previous meta-analyses[7-9]. Largely, comparisons
among treatments were focused on the effectiveness of
TNFi vs. non-TNFi agents. On one hand, two of these
studies showed a statistical power (1 — beta)>80% for
comparisons between TNFi and non-TNFi agents. On
the other hand, comparisons among the three non-TNFi
agents showed a statistical power<65%. The present
study reached a post-hoc statistical power for non-infe-
riority of 86.3% for the RTX vs. ABA comparison and of
99.2% for the TCZ vs. ABA comparison on the ACR70
response.

However, the presented result conflicts with that of
observational studies, such as the study by Gotten-
berg et al.[38], where authors compared the effective-
ness and safety of RTX, ABA, and TCZ in a population
of patients with RA refractory to treatment with TNFi
agents. The primary outcome of such study consisted of
drug retention without the occurrence of death from any
cause, discontinuation of the drug studied, initiation of a
new biologic or a combination of conventional disease-
modifying antirheumatic drugs or increase in the dose
of oral corticosteroids at more than 10 mg a day at two
consecutive visits. Secondary endpoints included Euro-
pean League Against Rheumatism (EULAR) response
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at months 6, 12, and 24. A good EULAR response was
defined as a decrease in disease activity score in 28
joints— erythrocyte sedimentation rate (DAS28-ESR)
more than 1.2 points and resulting score 3.2 or less. A
moderate EULAR response was defined as a decrease
in DAS28-ESR more than 0.6 points and resulting score
5.1 or less [38]. Among the main findings, RTX and TCZ
had similar results, both being more effective in control-
ling the disease than ABA. Despite the evident reduction
in the primary outcome and the better European League
Against Rheumatism (EULAR) response with RTX
and TCZ compared to ABA, there was no difference in
terms of major outcomes, such as deaths, serious infec-
tions, cardiovascular events, and cancer. Besides the fact
that it is an observational study that used massive data
imputation [39], some considerations about this research
may justify the differences found compared to our find-
ings: High rates of loss to follow-up in patients on Toci-
lizumab; Different frequency of administration between
RTX (at least six months) and ABA and TCZ (monthly);
Use of response metrics (DAS28-ESR and EULAR
response) that give great weight to laboratory markers of
inflammatory activity and therefore favor TCZ.

The comparison among non-TNFi agents is essen-
tial for choosing the ideal anti-inflammatory strategy.
Additionally, it contributes to cost-effectiveness analy-
ses establishing which drug could bring the best balance
between gains in quality of life and morbidity reduction
in relation to the costs of therapies [40]. However, when
therapies have a similar efficacy, it is worth minimizing
the risk of false negative results [41]. Through the present
study, it is possible to conclude that ABA, TCZ, and RTX
have a similar efficacy when accounting solely the effects
of co-treatments, but when accounting the full spectrum
of unbalanced factors across RCT arms, our findings
suggest that ABA increases the chance of achieving an
ACR?70 response in comparison to TCZ.

This study further exemplifies why it is essential to
comprehensively understand the heterogeneity among
studies. Though meta-regression results should be under-
stood as an hypothesis-generating evidence, they enable
testing a scenario where components of heterogeneity
among RCTs become more balanced.

Limitations

Some important limitations must be emphasized. Dur-
ing the extraction of information from the studies, some
data were not available for all trials, and the analysis of
only English published trials can generate a systematic
data collection bias. In general, unpublished studies and
observational studies could have a different impact on the
results; however, there is great heterogeneity in terms of
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selection and statistical treatment in observational stud-
ies, which could hinder the data analysis.

In contrast, there are two important issues to be con-
sidered as limitations to the interpretation of these
results. Firstly, there is a high degree of heterogeneity
among studies for all drugs. The high variability in the
relative treatment effects threatens the external validity of
the study evidence and limits its generalization [42]. Sec-
ondly, the NMA does not compensate for other factors
unrelated to the drugs that make up the treatment arms
[43]. When adjusted to the baseline quality of life, fol-
low-up time, and presence of TNFi therapies in the con-
trol arm, meta-regressions showed that the use of ABA
increased the chance of achieving an ACR70 response by
2.2-fold compared to the use of TCZ, with a low hetero-
geneity and a high explanatory power (R?>80%).

We have not evaluated safety outcomes. The argument
for evaluating only efficacy outcome is that there was no
signal a priori for safety concerns or critical differences
in safety among TCZ, ABA and RTX that could be novel,
considering prior meta-analyses. It is important to note
that the observed frequency of severe adverse events in
the included RCTs would not allow enough statistical
power for safety outcomes.

Another limitation of our study was our inability to
ascertain the reasons for TNFi agent or MTX failure
and the number of prior TNFi therapy failures. Patients
may have been treated with different doses or for differ-
ent TNFi treatment durations before considering an IR.
Another potential limitation is the number of compari-
sons made for this analysis, which may favor spurious
associations. However, the statistical power achieved in
this study suggests that chances of false negative results
are extremely low.

Additionally, we did not evaluate the impact of differ-
ent dosing or posology used across RCTs to improve the
clustering. Yet, considering the broad inclusion criteria,
which resulted in a study population that best resem-
bles real patients, and the choice of viable interventions,
in the case of clinical trials, the results of this study have
external validity with applicability in daily practice.

Conclusion

In this study, a systematic review was carried out using
a NMA to compare the efficacy of RTX, TCZ, and ABA
in individuals with RA refractory to treatment with
TNFi agents or MTX. The NMA showed no significant
difference among the studied drugs in achieving an
ACR70 response, therefore, they have a similar effec-
tiveness, with low inconsistency, but high heterogene-
ity among studies. Based on the result of multivariate
meta-regressions, by mathematically equalizing the
conditions of the RCTs, we estimate that ABA could
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increase the chance of reaching an ACR70 response by
2.2-fold compared to TCZ. With the present results, it
is advisable to evaluate the introduction ABA or RTX
before TCZ in refractory RA. However, novel head-
to-head clinical trials are still needed to confirm these
findings.
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