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Abstract
Background Difficult-to-treat Rheumatoid arthritis (D2T RA) is primarily characterised by failure of at least two 
different mechanism of action biologic/targeted synthetic disease-modifying antirheumatic drug (DMARDs) with 
evidence of active/progressive disease. While a variety of drugs have been used in previous studies to treat D2T RA, 
there has been no systematic summary of these drugs. This study conducted a systematic review of randomized 
controlled trials aimed at analyzing the efficacy and safety of individual therapeutic agents for the treatment of D2T 
RA and recommending the optimal therapeutic dose.

Methods The English databases were searched for studies on the treatment of D2T RA published between the date 
of the database’s establishment and March, 2024. This study uses R 3.1.2 for data analysis, and the rjags package runs 
JAGS 3.4.0.20. The study fitted a stochastic effects Bayesian network meta-analysis for each outcome measure.

Result A total of 42 studies were included in this study. Compared with placebo, the improvement of Disease 
Activity Score of 28 Joints (DAS28) score is ranked from high to low as tocilizumab, baricitinib and opinercept. The 
improvement of American College of Rheumatology 50 response (ACR50) score in patients with drug use was 
ranked from good to poor as follows: olokizumab, tocilizumab, adalimumab, baricitinib, and upadacitinib, and 
8 mg/4w tocilizumab demonstrated the best efficacy. Notably, rituximab is generally the safest drug. Janus kinase 
(JAK) inhibitors and T cell costimulation modulators are effective in D2T RA refractory to biologic DMARDs, while JAK 
inhibitors and interleukin-6 (IL-6) inhibitors show effectiveness in D2T RA refractory to csDMARDs.

Conclusion Tocilizumab and rituximab have better efficacy and safety in the treatment of D2T RA, and the 8 mg/4w 
dose of tocilizumab may be the first choice for achieving disease remission.
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Introduction
Rheumatoid arthritis (RA) is a common and chronic 
inflammatory autoimmune disease characterized by 
destructive, chronic, debilitating arthritis [1]. According 
to the European Alliance of Associations for Rheuma-
tology (EULAR) RA management guidelines, patients 
whose disease activity cannot be controlled despite 
the use of two or more conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs), biologic 
DMARDs (bDMARDs), or targeted synthetic DMARDs 
(tsDMARDs) have recently been referred to as having 
difficult-to-treat RA (D2T RA) [2, 3]. The prevalence of 
D2T RA varies by its definition and has generally been 
estimated to range from 5 to 20%, and it is closely related 
to a variety of chronic diseases [4–6]. Furthermore, D2T 
RA patients also faced various challenges, including 
uncontrolled disease activity, diminished quality of life, 
as well as economic burdens stemming from frequent 
healthcare utilization and recurrent admissions [2]. It is 
worth noting that, despite current treatment modalities, 
two-thirds of D2T RA patients have failed to achieve dis-
ease control, and up to 40% of D2T RA patients experi-
enced treatment failure due to drug resistance or adverse 
drug reactions [7–9]. Therefore, exploring safe, and effec-
tive drugs for D2T RA patients is of great urgency.

At present, there is no radical treatment for D2T RA. 
However, a variety of pharmacologic and non-pharma-
cologic interventions have been shown to be effective in 
controlling the progress and relieving clinical symptoms 
of D2T RA. Non-pharmacologic interventions include 
motor, psychological, educational, and self-manage-
ment strategies, which are capable of achieving inflam-
mation-free outcomes, alleviating residual pain, and 
mitigating secondary fibromyalgia [10]. Pharmacologic 
interventions include not only conventional synthetic 
agents (csDMARDs, bDMARDs and tsDMARDs), but 
also targeting specifically Janus kinase (JAK), interleu-
kin-6 (IL-6), tumor necrosis factor (TNF), high-selective 
Bruton tyrosine kinase (BTK) noncovalent inhibitors, 
CD20, and T cell costimulation modulators [3].

In previously published articles, although a variety of 
drugs have been used to treat D2T RA, there is no sys-
tematic summary of these drugs. The purpose of the net-
work meta-analysis is to find the optimal treatment for 
D2T RA based on the efficacy and safety rankings of each 
drug, providing some insights for the clinical treatment 
of D2T RA.

Methods
Data sources and search strategy
This network meta-analysis was conducted in accor-
dance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis extension statement 
for network meta-analyses, and it was registered in the 

Prospective Register of Systematic Reviews to ensure 
transparency, reliability, and novelty.

A systematic literature search of PubMed, Embase, 
Web of Science, Cochrane Library, MEDLINE, Web of 
Knowledge, Clinical Trials.gov, FDA.gov, and preprint 
databases (SSRN, bioRxiv, and MedRxiv) was performed 
from the date of inception of the databases to March 
2024, without restrictions on publication language or pri-
mary outcome. The PRISMA flowchart of screened stud-
ies is shown in Fig. 1. Furthermore, the reference lists of 
the included studies were manually checked to identify 
the eligible studies.

Selection criteria
We included prospective randomized controlled tri-
als (RCTs), in line with the most recent definition of 
D2T RA from European League Against Rheumatism 
(EULAR 2021). All included RCTs were concerned with 
monotherapy or combination therapy approved for 
the treatment of D2T RA. Patients were further strati-
fied according to their previous therapeutic regimens 
and the insufficient efficacy observed, including cases 
where there was a suboptimal response to at least two 
bDMARDs, csDMARDs, DMARDs, MTX/TNF-αi, or 
TNF-i. To ensure homogeneity among participant and 
trial characteristics, studies where all participants had 
early RA were included.

The meta-analysis excluded studies that were non-orig-
inal, multiple reports of the same or overlapping data, as 
well as conducted without a control group. Meanwhile, 
we excluded studies with missing data that could not be 
obtained even after contacting the authors.

Outcome measures
The primary outcome included the severity of disease 
remission, defined as Disease Activity Score of 28 Joints 
(DAS28) score and American College of Rheumatol-
ogy 50 response (ACR50). The secondary outcome 
encompassed tender joint counts (TJC), swollen joint 
counts (SJC), level of lymphocyte, C-reactive protein 
(CRP), erythrocyte sedimentation rate (ESR). Outcome 
measures of safety include the incidence of adverse 
events (AE), serious adverse event (SAE) and deaths due 
to treatment.

Data collection and risk of bias assessment
After excluding the studies that failed to fulfill the crite-
ria, two independent investigators screened each study 
and extracted relevant data concerning of the outcomes 
of this network meta-analysis. The following information 
was extracted for each included study: article information 
(first author, nations, publication year), study characteris-
tics (study design and duration, sample size, time of study 
conduct, primary and secondary outcomes, adverse 
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reactions, evaluation indicators), and baseline character-
istics of patients (age, sex ratio, disease duration). Dis-
agreements between the two investigators were resolved 
by consensus and discussion with a third investigator. 
Based on the latest Cochrane risk of bias assessment tool 
(RoB−2 2019), we categorized the included literature into 
The risk-of-bias judgments for each domain are “low risk 
of bias,” “some concerns,” or “high risk of bias.

Data analysis
A network meta-analysis was conducted within a fre-
quentist framework using the netmeta package in the 
statistical software R (V.4.0.3). We designed a network 
including placebo, any intervention for D2T RA and 
treatment as direct comparisons. If studies included 
control interventions, these were grouped together and 
added as a further comparison. Random effects pairwise 
meta-analyses with the Hartung-Knapp-Sidik-Jonkman 
method were utilized for direct comparisons to estimate 

Fig. 1 The study selection process. The figure shows that we screened 42 papers that met the inclusion and exclusion criteria from 11 databases, includ-
ing 11,762 papers
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standardised mean differences (SMD) and odds ratios 
(OR) for continuous and dichotomous outcomes, respec-
tively. Indirect evidence was assessed using the entire 
network, and a random effects netmeta model was used 
to control for multiarm trial effects.

For the network meta-analysis, all doses of therapies 
were included, with the basic parameter set to “0” (no 
effect) for using placebo, so that the basic parameter 
for the other treatments provided the treatment effect 
relative to use placebo. From these basic parameters, we 
determined the treatment effect between every pair of 
treatments.

The results are expressed as SMD and OR with cor-
responding 95% confidence intervals. We used the 
Cochran’s Q statistic to determine the pairwise between-
study heterogeneity. I2 was used to evaluate the percent-
age of variance caused by between-study heterogeneity. It 
was assumed that heterogeneity was common across the 
entire network.

Due to an insufficient number of studies, subgroup 
and meta-regression analyses, as well as the assessment 
of publication bias, were not feasible to explore potential 
sources of heterogeneity across the network. Sensitivity 
analyses were conducted by excluding studies with high 
indirectness and risk of bias, studies with participants 
older than 60, studies with interventions longer than 24 
months and studies using an attention/active or passive 
control comparison.

Results
Study selection and characteristics of included trials
We identified 11,762 citations through the literature 
search, excluded 10,469 titles and abstracts after ini-
tial screening and assessed 301 studies for eligibility. 
A final number of 42 full-text articles met all eligibility 
criteria (Fig.  1). In addition, we provided the details of 
the selected studies in supplementary Material. These 
included studies were published between 2013 and 2024, 
including 19,827 patients who were randomly assigned 
to 24 biological treatment and control groups. Our study 
involved 24 biologics: TNF blockers (secukinumab, goli-
mumab, etanercept, adalimumab, infliximab, BI 695501, 
opinercept), interleukin (IL)-1 antagonist (anakinra), 
IL-6 antagonist (tocilizumab, sarilumab, olokizumab), 
anti-CD28 (abatacept), anti-CD20  (rituximab, HLX01), 
anti-T cell  (abatacept), mRNA inhibitor micro-RNA 
(miR)-124  (ABX464), JAK inhibitor  (upadacitinib, bar-
icitinib, ABT-494, peficitinib), the novel cytotoxic T-lym-
phocyte antigen-4 fusion protein  (leining), inhibitor of 
BTK  (fenebrutinib) and histamine-4-receptor antago-
nist (toreforant)(Supplementary Material Table 1).

Effect of interventions
DAS28 results are derived from 3 biopharmaceuti-
cals in 3 studies (a total of 1970 patients)(Fig.  2). The 
improvement of DAS28 score is ranked from high to 
low as tocilizumab, baricitinib and opinercept, in which 
tocilizumab performed best and opinercept performed 
worst (Table 1). The DAS28 scores of all patients treated 
with the drug were significantly better than those 
treated with placebo, but were not statistically signifi-
cant  (Fig.  3A). In addition, the DAS28 score was also 
affected by drug dose. By comparing DAS28 scores after 
different doses of the drug, DAS28 scores of balitinib 
monotherapy and tolizumab improved with increasing 
dose. Baricitinib at 4 mg/d and tocilizumab at 8 mg/4w 
are generally considered more effective. For the improve-
ment of DAS28 scores of these 3 drugs at different doses, 
the top three were tocilizumab at 8 mg/4w, baricitinib at 
4 mg/d, and opinercept at 25 mg/4w.

The results for ACR50 score are derived from nine 
drugs in 23 studies (11762 patients in total). The 
improvement of ACR50 score in patients with drug use 
was ranked from good to poor as follows: olokizumab, 
tocilizumab, adalimumab, baricitinib, and upadacitinib. 
But filgotinib, ABX464, etanercept, sarilumab, rituximab, 
fenebrutinib, golimumab, secukinumab, RG6125 and 
leining were not statistically significant compared to pla-
cebo (Fig. 3B). Among them, olokizumab had the great-
est effect on ACR50 score improvement, while leining 
had the least improvement. All drugs except RG6125 and 
leining improved ACR50 scores more than placebo. In 
addition, different doses of each drug have been shown to 
affect the efficacy of that drug. First, the efficacy of oloki-
zumab, tocilizumab, baricitinib, sarilumab, rituximab 
and fenebrutinib increased with dose. By comparing the 
ACR50 scores of different doses, the ACR50 scores of 
patients using filgotinib, ABX464, adalimumab, upadaci-
tinib and secukinumab improved with dose reduction. At 
different doses and frequencies of administration, the top 
three improvements in ACR50 score from high to low 
were olokizumab at 64  mg/4w, tocilizumab at 8  mg/4w 
and ABX464 at 50 mg/d.

We secondarily compared various biologics’ curative 
effect in the field of SJC, TJC, CRP, ESR, leukomonocyte. 
At the end of the interventions, opinercept (SMD = − 5.2, 
95% CI: -9.3 - -1.1), tocilizumab (SMD = − 4, 95% CI: -6.6 
- -1.1) and sarilumab (SMD = − 3.6, 95% CI: -6.0 - -0.98) 
were superior in reducing SJC compared with placebo. 
However, in other aspects, none of the biological showed 
both statistically significant and effective curative effects. 
Ranking the efficacy of the drugs by various evaluation 
methods, we found that tocilizumab was the most effec-
tive drug for the ranking of ESR results, while opinercept 
had the best impact on the SJC score.
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Safety of interventions
The results of AE are derived from 10 biologic drugs 
in 24 studies (3970 patients). Compared with placebo, 
the incidence of AE was higher with sarilumab [OR = 2, 

95%CI (1.4, 2.8), P < 0.05], tocilizumab [OR = 2.5, 95%CI 
(1.3, 4.6), P < 0.05], golimumab  [OR = 3.8, 95%CI (2.3, 
6.3), P < 0.05], indicating poor safety. The incidence of 
AE from lowest to highest was rituximab, adalimumab, 

Table 1 Efficacy ranking of the top three of various biologics’ curative effects (from front to back)
Effect Ranking without dose Ranking with dose
DAS28 Tocilizumab Baricitinib Opinercept
ACR50 Olokizumab Tocilizumab Adalimumab
SJC Opinercept Tocilizumab Sarilumab
TJC 8 mg/4w of tocilizumab 4 mg/4w of tocilizumab 200 mg/2w of sarilumab
HAQ-DI 8 mg/4w of tocilizumab 200 mg/2w of sarilumab
CRP 100 mg/w of sarilumab 150 mg/2w of sarilumab 200 mg/2w of sarilumab

Fig. 2 (A) Network plots of treatment comparisons for ACR50 in patients with D2T RA. (B) Network plots of treatment comparisons for SJC in patients 
with D2T RA. (C) Network plots of treatment comparisons for AE in patients with D2T RA. (D) Network plots of treatment comparisons for SAE in patients 
with D2T RA. Figure 2A shows direct comparisons between adalimumab and fenebrutinib, upadacitinib, and etanercept. Figure 2B and C, and 2D show 
direct comparisons between adalimumab and fenebrutinib, while the remaining drugs were only compared with placebo
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fenebrutinib, filgotinib, HLX01, opinercept, peficitinib, 
ABT_494, leining, etanercept, baricitinib, upadacitinib, 
toreforant, ABX464, sarilumab, tocilizumab, golimumab, 
among them, the incidence of AE of rituximab is low, and 
the safety is relatively good. Golimumab has a high inci-
dence of AE and a relatively poor safety profile. The dose 
and interval of different drugs also affect the incidence 
of adverse drug outcomes. For both filgotinib and pefici-
tinib, it is noteworthy that the incidence of AE increased 
with increasing drug dose. There is no significant linear 
relationship between the improvement of the incidence 
of AE and dose of sarilumab, with the best dose being 
100 mg/2w and the worst dose being 100 mg/w. By rank-
ing the AE rates of drugs using different doses, we found 
that the top three AE rates from low to high were figo-
tinib at 200 mg/d, figotinib at 50 mg/d, and rituximab at 
500 mg/2w.

We secondarily compared various biologics’ curative 
effect in the field of SAE and incidence of death. The only 
treatment with a reasonable probability of achieving a 
clinically relevant reduction in SAE as compared with 
placebo is upadaxitinib (OR = 3, 95%CI: 1.2–8.9). In dif-
ferent doses of drugs that reduce the incidence of SAE, 
sarilumab is the most effective drug, and with 150 mg/w 
is the best.

Subgroup analyses
Due to the lack of statistical significance in the compre-
hensive results of some of the main indicators, we con-
ducted subgroup analysis. We further stratified patients 
to include those who had a poor response to at least two 
bDMARDs, csDMARDs, DMARDs, MTX/TNF-αi, or 
TNF-i.  Therefore, we divide the causes of D2T RA into 
the following categories: bDMARDs inefficacy, csD-
MARDs inefficacy, DMARDs inefficacy, MTX/TNF-a i 

inefficacy and TNF i inefficacy. Compared with placebo, 
JAK i and T cell costimulation modulator are more effec-
tive in treating D2T RA refractory to bDMARDs. For 
D2T RA refractory to csDMARDs, JAK i and IL-6 i have 
higher effectiveness (Table 2).

Table 2 Table on the effectiveness and safety of different types 
of D2T RA drug interventions
ACR50 OR (95% CI) I-squared Tau-squared
D2T RA refractory to 
bDMARDs

1.207 (1.121, 
1.299)

0.0063

D2T RA refractory to 
csDMARDs

1.299 (1.210, 
1.395)

0 0

D2T RA refractory to 
MTX/TNF-a

1.066 (0.963, 
1.818)

0 0

D2T RA refractory to 
TNF i

1.059 (0.949, 
1.181)

0.796 0.0073

Overall 1.162 (1.118, 
1.208)

0.778 0.0063

DAS28 OR (95% CI) I-squared Tau-squared
D2T RA refractory to 
Dmards

−0.647 
(− 0.799, 
− 0.495)

0 0

Overall −0.830 
(− 1.184, 
− 0.477)

0.894 0.081

AE OR (95% CI) I-squared Tau-squared
D2T RA refractory to 
bDMARDs

1.033 (0.929, 
1.156)

0.0029

D2T RA refractory to 
csDMARDs

1.101 (0.983, 
1.234)

0 0

D2T RA refractory to 
MTX/TNF-a i

0.982 (0.830, 
1.163)

0 0

D2T RA refractory to 
TNF i

1.125 (1.015, 
1.284)

0.252 0.0021

Overall 1.070 (1.029, 
1.113)

0.355 0.0029

Fig. 3 Forest plot of biologics versus placebo efficacy in D2T RA. (A) DAS28; (B) ACR50. Figure 3 shows that for two measures of efficacy: DAS28 and 
ACR50. In DAS28 results, there was no statistical significance in the therapeutic effect of all drugs compared with placebo. However, olokizumab, tocili-
zumab, adalimumab, baricitinib, and upadacitinib performed better than placebo, when ACR50 was used as an index to evaluate efficacy
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Risk of bias within studies and heterogeneity
Judging from the trajectory diagrams, the iteration num-
ber reaches more than 5000 times, the MCMC chain 
fluctuates stably and overlaps well, and judging from the 
density diagram, the iteration number reaches 20,000 
times, Bandwith tends to 0 and reaches stability, which 
comprehensively shows that the model converges well 
and its quality evaluation is high. Secondly, according to 
the node analysis diagram, most of the P-value between 
the direct, indirect and reticular comparison of various 
biologics are greater than 0.05, and there is no statisti-
cal difference. Thirdly, The calculated I2 in each indicator 
between direct comparison and indirect comparisonare 
similar, indicating good heterogeneity. Lastly, the calcu-
lated DIC values based on Consistency model and incon-
sistency model showed that in the same indicator, the 
DIC values of both are similar. It proved that the consis-
tency basically perfect fit.

Discussion
The term ‘D2T RA’ has recently been defined to charac-
terise a heterogeneous group of RA patients with persis-
tent signs and symptoms [11]. D2T RA can cause serious 
harm such as gradual erosion of joints, limited mobility, 
and even disability. For the above characteristics, the 
EULAR defines two overarching principles and 11 PtCs 
(involving diagnostic confirmation of RA, assessment 
of inflammatory disease activity, pharmacological and 
non-pharmacological interventions, treatment compli-
ance, functional impairment, pain, fatigue, goal setting 
and self-efficacy, and the impact of comorbidities), which 
are the latest guidelines for the treatment of D2T RA 
[3]. However, the treatment guideline does not rank the 
effectiveness and safety of relevant treatment drugs and 
treatment methods. This article contributes by quanti-
fying relevant indicators and supplement the treatment 
guideline.

Tocilizumab shows the highest efficacy compared 
to other biological agents when considering all indica-
tors. According to our study, tocilizumab ranked first 
for improvement in DAS28 score, second for improve-
ment in ACR50 score, and second for improvement in 
SJC. Tocilizumab specifically targets the IL-6 receptor 
and inhibits IL-6-related signal transduction. It further 
reduces acute phase reactants, reduces B cell activation, 
bone resorption and cartilage destruction, thereby inhib-
iting the differentiation of T lymphocytes into Th17 cells 
and quickly and effectively controlling the progression of 
RA. At the same time, because tocilizumab can inhibit 
the down-regulation of the cytochrome P450 enzyme 
(CYP) system caused by IL6, and this down-regulation 
is only confirmed at high concentrations, the efficacy of 
8 mg/4w of tocilizumab is better than that of 4 mg/4w of 
tocilizumab [12].

Tocilizumab ranks second in lower the incidence of 
AE but has a poor safety profile compared to placebo. 
To improve the safety of tocilizumab therapy in patients 
with RA, several measures can be taken. Firstly, care-
ful patient selection is crucial. Tocilizumab should be 
used in patients who have had an inadequate response 
to DMARDs or biologic agents. Patients with a his-
tory of serious infections, active tuberculosis, or other 
contraindications should be excluded from treatment. 
Regular monitoring of patients on tocilizumab is nec-
essary to detect early signs of adverse events. Besides, 
the dose of tocilizumab should be optimized based on 
the patient’s weight and response to treatment. High 
doses can increase the risk of side effects. Concomitant 
use of tocilizumab with DMARDs such as methotrex-
ate can enhance the efficacy and safety of tocilizumab 
therapy. This combination can help maintain remission 
or low disease activity and prevent flares of RA symp-
tom. Comorbid conditions such as cardiovascular dis-
ease, diabetes, or renal insufficiency should be managed 
concurrently with tocilizumab therapy to reduce the risk 
of exacerbating these conditions due to the immunosup-
pressive effects of the drug. Measures can enhance the 
safety and tolerability of tocilizumab therapy in patients 
with RA, ensuring that they benefit from its therapeutic 
effects while minimizing the risk of adverse events.

We found that olokizumab produced the most signifi-
cant improvement in ACR50 score compared to other 
drugs. Olokizumab is a monoclonal antibody that targets 
the IL-6 receptor, which plays a key role in the pathogen-
esis of RA by promoting inflammation and joint damage. 
By blocking the IL-6 receptor, olokizumab can effectively 
reduce inflammation and slow down the progression 
of RA, leading to improved clinical outcomes such as 
reduced pain and swelling, improved physical function, 
and lower disease activity scores [13].  However, while 
olokizumab is effective in treating RA, it has been asso-
ciated with a higher rate of AEs compared to placebo or 
other treatments. These AEs may include infections, neu-
tropenia, thrombocytopenia, liver enzyme elevations, 
and hypersensitivity reactions [14]. The increased risk 
of these events could be due to the immunosuppressive 
effects of olokizumab, which not only reduces inflamma-
tion but also suppresses the immune system’s ability to 
fight off infections and other diseases. Additionally, the 
pharmacodynamic properties of olokizumab, such as its 
long half-life, might contribute to an increased risk of 
certain types of AEs [15]. Moreover, the occurrence of 
AEs with olokizumab treatment may also be influenced 
by patient factors, including their overall health status, 
concomitant medications, and comorbidities. For exam-
ple, patients with pre-existing conditions such as cardio-
vascular disease or diabetes may be more susceptible to 
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certain adverse events associated with olokizumab treat-
ment [16].

Sarilumab treated patients had the lowest rate of 
AE, and in addition, the improvement in SJC was the 
third highest among the drugs. Sarilumab is a human-
ized monoclonal antibody that targets the interleukin-6 
receptor (IL-6R), a cytokine involved in the pathogenesis 
of RA. It works by blocking the IL-6 signaling pathway, 
which is crucial for the inflammatory response charac-
teristic of RA. This targeted approach helps to reduce 
inflammation and the associated symptoms of RA, such 
as joint pain and swelling [17, 18]. The lower probabil-
ity of AEs with sarilumab treatment can be attributed to 
several factors. Sarilumab’s high specificity for the IL-6R 
allows it to exert its therapeutic effect more selectively 
on cells expressing IL-6R without widespread effects 
on other immune cell populations [19]. This selectivity 
may lead to fewer off-target effects and a reduced risk 
of certain AEs common with other immunosuppressive 
agents used to treat RA [20]. Posteriorly, the pharmaco-
kinetic properties of sarilumab, including its dosing regi-
men and route of administration, could contribute to its 
safety profile. Subcutaneous injections might provide a 
more controlled release of the drug, potentially resulting 
in less fluctuation in blood levels and a reduced risk of 
side effects. Clinical trial data have shown that sarilumab 
is generally well-tolerated [21].

Compared to previous articles focusing on effectiveness 
and safety, our study uniquely employs indirect compari-
sons, offering a more direct assessment of different drugs’ 
advantages and disadvantages. In addition, we conducted 
a subgroup analysis to visually demonstrate whether the 
combined efficacy of drug classes across various aspects 
is meaningful. These provide a more referential compari-
son and selection.

Inevitably, the article also has certain limitations. On 
the whole, we’re dealing with small sample sizes of drugs, 
lots of doses of various drugs but small samples of each 
dose. It can also be seen from the results section that 
there is some bias and heterogeneity in the data. Espe-
cially, in our study based on drug types, although it is 
easier to understand, the sample size and dose of differ-
ent drugs can affect the weight. It may have an impact on 
the accuracy of the results. While in our study based on 
the dosage of drugs, the results of all dose comparisons of 
all drugs are too many and have limited significance for 
clinical guidance. Just like in the index AE, rituximab was 
the only drug that was more effective than placebo, but 
its data were not statistically significant. But the clinical 
data provided by the only included original articles are 
meaningful [22]. The reason might be this paper was a 
network meta analysis, and the addition of other articles 
influence its weight then led to the change of the 95%CI 

of the drug. These all show that we need more articles for 
reference.

In conclusion, our study comprehensively analyzes 
the efficacy and safety of various therapeutic drugs in 
D2T RA and evaluates optimal therapeutic doses. Nota-
bly, rituximab is generally the safest drug, with 8 mg/4w 
tocilizumab demonstrating the best efficacy, followed by 
200  mg/2w sarilumab and 4  mg/d baricitinib compared 
with placebo. This information aims to empower patients 
and clinicians in making informed decisions regarding 
RA treatment. Moreover, we found that JAK inhibitors 
and T cell costimulation modulators are effective in D2T 
RA refractory to bDMARDs, while JAK inhibitors and 
IL-6 inhibitors show effectiveness in D2T RA refractory 
to csDMARDs. However, this issue necessitates further 
research and clinical observations.
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