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Abstract

Background: The aim of this study was to perform a meta-analysis to compare the risk of all-cause mortality betv@
biological/targeted synthetic disease-modifying antirheumatic drugs (b/tsDMARDs) and non-b/tsDMARDs involving patients with
rheumatoid arthritis (RA).

Methods: \We performed a systematic review of articles published up to August 2021 using electronic databases. We included
studies that reported all-cause mortality in RA patients and compared b/tsDMARDs and non-b/tsDMARDs.

Results: We included a total of 77 studies involving 64,428 patients. These comprised 44,227 patients treated with b/tsDMARDs
and 20,201 treated with non-b/tsDMARDs. The occurrence of all-cause mortality was the primary outcome. The risk of all-cause
mortality between the 2 treatments was not significantly different (relative risk = 1.08; 95% confidence interval = 0.98-1.19).
However, subgroup analyses showed significant increase in risks of mortality in anti-TNFs users with RA compared with non-b/
tsDMARDs (relative risk = 1.47, 95% confidence interval = 1.02-2.12). No significant differences were found after subgroup
analyses based on other molecules involved and study duration.

Conclusion: In comparison with non-b/tsDMARDs, our results suggest that antitumor necrosis factor therapy is associated
with observed increased risks of mortality and further investigation is needed.

Abbreviations: ACR = American College of Rheumatology, anti-CD20 = anti-cluster of differentiation 20, b/tsDMARDs = biological/
targeted synthetic disease-modifying antirheumatic drugs, Cl = confidence interval, CTLA4Ig = cytotoxic T lymphocyte antigen-4 Ig,
EULAR = European League Against Rheumatism, ilL-6 = interleukin-6 inhibitor, iJAK = janus kinase inhibitor, RA = rheumatoid arthritis,

RR = relative risk.
Keywords: DMARDs, mortality, rheumatoid arthritis

1. Introduction

During the past 2 decades, biological disease-modifying anti-
rheumatic drugs (bDMARDs)!"!! and targeted synthetic (ts)
DMARDs? have been demonstrated to be effective in the treat-
ment of rheumatoid arthritis (RA). These drugs have played a
significant role in improving the clinical symptoms and enhanc-
ing the quality of life of patients®* and were recommended
by the European League Against Rheumatism (EULAR).! At
present, LPDMARDs and tsDMARDs are widely used.
However, it is still unclear whether bDMARDs or tsD-
MARDs!®! can improve the mortality rate in patients with RA.
Since inflammatory factors play a significant role in antitumor
and anti-infection responses, much has been written about the
concern that these new drugs may increase the risks of infec-
tions,”¥! malignancy,”!% heart disease,'!! and other serious
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adverse events. Data from the British Society for Rheumatology
Biologics Register showed that the proportion of deaths attrib-
utable to RA-interstitial lung disease is higher in patients treated
with anti-tumor necrosis factor (TNF) therapy.'?! On the other
hand, RA can be well controlled using b/tsDMARDs. Owing to
chronic inflammation could be well controlled and the rate of
glucocorticoid use was reduced, these therapeutics appear supe-
rior to conventional synthetic (cs) DMARDs in reducing mortal-
ity.l'>-151 But no difference was also found in the risk of mortality
between b/tsDMARDs and csDMARDSs, as mentioned in some
other research works.!1617]

In order to reveal the association between the use of b/tsD-
MARDs and the risks of mortality events in RA patients fur-
ther, we designed and performed a meta-analysis with the aim to
evaluate whether treatments with b/tsDMARDs would reduce
the risk of mortality events in patients with RA.
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2. Methods
2.1. Literature search

According to the reccommendations from the Cochrane Handbook
for Systematic Reviews for meta-analysis, we conducted system-
atic searches in PubMed, the Cochrane databases, Embase, and
manual searches of reference lists from systematic reviews and
original publications. Studies published in English from January
1, 2000, to August 20, 2021, were selected. The search terms
included the following keywords: adalimumab, etanercept, cer-
tolizumab pegol, infliximab, golimumab, tofacitinib, baricitinib,
upadacitinib, rituximab, tocilizumab, sarilumab, abatacept,
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rheumatoid arthritis, randomized controlled trial, observational
study, cohort study, mortality, and all adults. We limited our
search to articles published in the English language and human
clinical trials. As the basis of the strategies applied for other elec-
tronic databases, we used the PubMed search strategy.

2.2. Inclusion and exclusion criteria

The inclusion criteria for this meta-analysis were as fol-
lows: the target population was adults with RA diagnosed
according to the 1987 American College of Rheumatology
criteria or the 2010 American College of Rheumatology/
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Figure 1. Flow diagram of articles evaluated for inclusion and exclusion. b/tsDMARD = biological/ targeted synthetic disease-modifying antirheumatic drug,

csDMARD = conventional synthetic disease-modifying antirheumatic drug.
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EULAR criteria; randomized controlled trial (RCT, obser-
vational study and cohort study; interventions that included
the bDMARDs or tsDMARD:s listed above according to the
2019 EULAR recommendations.! The exclusion criteria

www.md-journal.com

were as follows: studies in which no death reported, stud-
ies in which no ¢sDMARDs or blank as control group,
and studies in which interventions were delivered through
intra-articular treatment.

bitsDMARDs  non-b/tsDMARDs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed. 95% CI
abatacept Genovese MC 2005 6m 1 258 0 133 01% 1.55(0.06,37.84)
abatacept Kremer JM 2005 1y 1 220 1] 118  01% 1.63(0.07,39.68)
abatacept Kremer JM 2006 1y 1 433 1 218 0.2% 0.51[0.03, 8.05]
abatacept Weinblatt M 2006 1y 5 856 4 418  0.8% 0.61 [0.16, 2.26) D
abatacept Westhovens R 2009 1y 2 256 4 253 06% 0.49[0.09, 2.67] R
adalimumab Breedveld FC 2006 2y 5 542 1 257  0.2% 2.37(0.28,20.19) —
adalimumab Combe B 2021 24w 0 325 2 475  0.3% 0.29 [0.01, 6.08)
adalimumab Fleischmann R 2019 26w 2 327 2 651 0.2% 1.99(0.28,14.07) —
adalimumab Furst DE 2003 24w 1 318 0 318 01% 3.00[0.12,73.37)
adalimumab Hgrslev-Petersen K 2016 96w 1 89 1 91 01% 1.02(0.06,16.10
adalimumab Kavanaugh A 2013 26w 6 515 1 517 01% 6.02(0.73, 49.86) 7
adalimumab Keystone EC 2004 52w 3 418 0 200 01% 3.35(0.17,64.55)
adalimumab Miyasaka N 2008 24w 2 265 0 87 01% 1.65(0.08,34.13)
adalimumab Smolen JS 2014 78w 3 814 0 112 01% 0.97(0.05,18.67)
adalimumab Takeuchi T 2014 26w 0 171 1 163 0.2% 0.32[0.01,7.75)
adalimumab van de Putte 2003 12w 1 214 0 70 0.1% 0.99(0.04, 24.05)
adalimumab van de Putte 2004 26w 3 434 1 110  0.2% 0.76 [0.08, 7.24]
adalimumab van Vollenhoven 2012 6m 1 204 0 108 01% 1.60(0.07,38.83)
anti-TNF Lan JL 2017 2y Cohort study 7107 72 1017 10.8% 1.07 [0.78, 1.46) T
anti-TNF Lunt M 2010 cohort study 856 12672 204 3522 47.9% 1.17[1.01,1.35) -
anti-TNF Raaschou P 2011 cohort study 113 302 256 586 26.1% 0.86 (0.72,1.02) -
baricitinib Dougados M 2017 24w 0 456 2 228 05% 010([0.00,208) ¥ —
baricitinib Fleischmann R 2017 52w 0 374 3 210 0.7% 008[0.00,155 ¥
haricitinib Genovese MC 2016 24w 1 351 0 176 01% 1.51(0.06, 36.84]
haricitinibfadalimumab Taylor PC 2017 52w 4 817 1 488  0.2% 2.39(0.27,21.31) —
Certolizumab pegol Emery P 2017 52w 2 655 1 213 0.2% 0.65(0.06,7.14] — ]
Certolizumab pegol Hetland ML 2020 24w 1 203 0 200 01% 2.96(0.12,7213]
Certolizumab pegol Keystone E 2008 52w 6 783 1 199 0.2% 1.52(0.18,12.59) —
Certolizumab pegol Kivitz AJ 2014 6w 1 110 0 114 01% 3.11[0.13,75.49)
Certolizumab pegol Smolen J 2008 24w 2 492 0 127 01% 1.30(0.06, 26.87)
Certolizumab pegol Weinblatt ME 2012 12w 2 851 0 212 01% 1.25(0.06, 25.94)
Certolizumab pegol Yamamoto K 2014 24w 1 116 0 114 01% 2.95(0.12,71.64)
etanercept Combe B 2006 24w 1 204 0 50 0.1% 0.75(0.03,18.05)
etanercept Emery P 2010 2y 1 265 1 263 02% 0.99(0.06,15.78)
etanercept Genovese MC 2002 24m 2 415 0 217 01% 2.62(0.13,54.34)
etanercept Kim HY 2012 16w 1 197 0 103 0.1% 1.58(0.06, 38.34)
etanercept Listing J 2005 12m Cohort study 3 858 1 601 0.2% 210(0.22,20.15) D
etanercept Moreland LW 2012 2y 3 499 1 256 02% 1.54(0.16,14.72) I
etanercept O'Dell JR 2013 48w 1 175 0 178 01% 3.05(0.13,74.39)
etanercept van der Heijde D 2007 3y 4 454 1 228 02% 2.01(0.23,17.87) I
etanercept Weisman MH 2007 16w 5 266 1 268  01% 5.06(0.59, 42.99) ]
golimumahb Keystone EC 2009 24w 1 311 0 133 01% 1.29(0.05, 31.43]
golimumah Emery P 2013 52w 3 477 0 160  0.1% 2.36(0.12, 45.40]
golimumahb Kay J 2008 52w 1 137 0 35 01% 0.78(0.03,18.81]
golimumahb KremerJ 2010 48w 5 514 0 129 01% 2.78(0.15, 49.90]
golimumab Smolen JS 2009 24w 0 306 1 155 0.3% 017[0.01,413] ¢
golimumah Weinblatt ME 2014 24w 1 395 1 197  02%  0.50(0.03,7.93
inflikimab Abe T 2006 20w 2 100 0 47  01% 2.38(0.12,48.54]
inflikimab Leirisalo-Repo M 2013 2y 1 50 0 43 01% 2.94(0.12,70.50]
infliimab Maini RN 2004 102w 8 340 4 88  1.0% 0.52(0.16,1.68] I
inflikimab Nam JL 2014 78w 1 55 0 57  01% 3.11(0.13,74.68]
infliimab St Clair EVW 2004 54w 2 722 2 282 0.4% 0.39(0.06, 2.76) - T
infliximab van Vollenhoven 2012 2y 1 128 0 130 01% 3.05(0.13,74.10]
infliimab Westhovens R 2006 22w 4 2 1 363  0.2% 2.01(0.23,17.95) —
inflikimab/abatacept Schiff M 2008 28w 2 321 0 110  01% 1.72(0.08, 35.63]
rituximab Emery P 2010 24w 2 337 1 172 02% 1.02(0.09,11.18]
rituximab Emery P 2006 24w 1 316 0 149 01% 1.42(0.06, 34.64]
rituximab Strand V 2006 2y 1 121 0 40 01% 1.01(0.04,24.27)
rituximab Tak PP 2012 104w 3 499 3 243 0.6% 0.50[0.10, 2.45] D R
rituximab Wijesinghe H 2017 24w 0 20 1 20 0.2% 0.33(0.01,7.72)
sarilumab Fleischmann R 2017 24w 0 365 1 181 0.3% 017[0.01,4.05] ¢
sarilumab Huizinga TW 2014 12w 1 254 0 52 01% 0.62(0.03,15.10]
sarilumab Tanaka Y 2019 52w 4 799 3 398  0.6% 0.66 [0.15, 2.95] _
tocilizumab Burmester GR 2016 52w 7 870 2 287  05% 1.15(0.24,5.53] D M—
tocilizumab Genovese MC 2008 24w 2 803 2 413 04% 0.51 [0.07, 3.64] - 1
tocilizumab Jones G 2010 24w 3 286 1 284 0.2% 2.98(0.31,28.47) —
tocilizumab Kivitz A 2014 24w 3 437 0 219 01% 3.52(0.18,67.77]
tocilizumab Kremer JM 2011 52w 5 797 1 393 02% 2.47(0.28,21.03) —
tocilizumab Yazici Y 2012 24w 3 409 0 205 01% 3.52(0.18,67.77)
tofacitinib Fleischmann R 2012 24w 1 272 0 59 01% 0.66(0.03,15.99)
tofacitinib Kremer J 2013 6m 4 633 0 159 01% 2.27(0.12,41.97)
tofacitinib Kremer JM 2012 24w 1 440 0 69 01% 0.48(0.02,11.57)
tofacitinib Lee EB 2014 24m 4 770 0 186 01% 2.18(0.12, 40.37)
tofacitinib van der Heijde D 2019 6m 3 637 0 160 01% 1.77(0.09,34.03)
upadacitinib Genovese MC 2018 12w 1 330 0 169 01% 1.54(0.06,37.62)
upadacitinib Smolen JS 2019 14w 1 432 0 216 01% 1.50(0.06, 36.75)
upadacitinib van Vollenhoven R 2020 24w 5 631 1 314 02% 2.49(0.29,21.21) —
Total (95% Cl) 44227 20201 100.0%  1.08[0.98,1.19] y
Total events 1212 588 ) ) ) )
Heterogeneity: Chi*= 41.51, df= 76 (P = 1.00); = 0% '0.01 0:1 1-0 100'

Test for overall effect: Z=1.48 (P=0.14)

btsDMARDs non-bAsDMARDs

Figure 2. Forest plot of trials comparing b/tsDMARDs with non-b/tsDMARDs for the risk of all-cause mortality in patients with rheumatoid arthritis. b/tsDMARD
= biological/ targeted synthetic disease-modifying antirheumatic drug, Cl = confidence interval.
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Two investigators (M.D.P. and Z.S.) independently extracted
data from articles using a customized form available upon
request from the authors. Disagreements were resolved by con-
sensus. This is a systematic review, and ethical approval was not
required.
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2.3. Data analysis

The Review Manager statistical software package (version
5.3, The Cochrane Collaboration, London, United Kingdom)
was used to perform statistical analyses. We conducted this
meta-analysis according to the Preferred Reporting Items for

A
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adalimumah van de Putte 2004 26w 3 434 1 110 33% 0.76[0.08, 7.24] .
adalimumab van Vollenhoven 2012 6m 1 204 1] 108 1.4% 1.60[0.07,3883] 1
Cenolizumab pegol Emery F 2017 52w 2 655 1 213 31%  0.65(0.06,7.14]
Certolizumab pegol Hetland ML 2020 24w 1 203 1] 200 10% 296[012,7213]
Certolizumak pegol Keystone E 2008 52w 6 783 1 189 3.3% 1.52[0.18,12.59] D
Certolizumab pegol Kivitz AJ 2014 Bw 1 110 o 114 10% 311[0.13,75.49] -1 -
Cerolizumab pegol SmolenJ 2009 24w 2 432 1} 127 1.7% 1.30[0.06, 26.87]
Certolizumab pegol Weinblatt ME 2012 12w 2 851 o 12 1.7% 1.25[0.06, 2594]
Cerolizumab pegol Yamamoto K 2014 24w 1 116 1] 114 11% 295(012,71.64]
etanercept Combe B 2006 24w 1 204 o 50 1.7% 0.75[0.03,18.09] [
etanercept Emery P 2010 2y 1 265 1 263 21% 0.89[0.06,15.78] [
etanercept Genovese MC 2002 24m 2 M5 0 27 14%  262[013,54.34
etanercept Kim HY 2012 16w 1 197 o 103 14% 158[0.086,3834]
etanercept Moreland LW 2012 2y 3 499 1 266 28% 1654[016,1473]
etanercept O'Dell JR 2013 48w 1 175 o 178 10% 3.05[0.13,74.39]
etanercept van der Heijde D 2007 3y 4 454 1 228 28% 2.01[0.23,17.87]
etanercept Weisman MH 2007 16w 5 266 1 2689 21% 5.06[0.59, 42.99]
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haricitinib Fleischmann R 2017 52w 0 374 3 210 276% 008000156 =
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Figure 3. The associations between the use of different b/tsDMARDs molecules involved and mortality endpoint. anti-CD20 = anti-cluster of differentiation 20,

b/tsDMARD = biological/ targeted synthetic disease-modifying antirheumatic drug, Cl = confidence interval, CTLA4lg = cytotoxic T lymphocyte antigen-4 Ig,
iIL-6 = interleukin-6 inhibitor, iJAK = janus kinase inhibitor, iTNF = tumor necrosis factor inhibitor.
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Figure 3. Continued

Systematic Reviews and Meta-Analyses guidelines for conduct-
ing and reporting meta-analyses.!']

Statistical heterogeneity was tested with an I? statistic calcu-
lation."! In the statistical analysis, a high level of heterogeneity
was defined as an I? > 50%, whereas a low level of heterogeneity
was defined as an 1> <50%. For analysis, we used a fixed-effects
model. Qualities of the observational studies were evaluated
using the Newcastle-Ottawa Scale, and qualities of RCTs were
evaluated using the Cochrane risk of bias tool. A third investi-
gator (H.E.Z.) confirmed the accuracy of the abstractions and
study quality evaluation.

We performed additional subgroup analyses to determine
whether the findings would change substantially. For the subgroup
analyses, we divided the studies according to the following: dif-
ferent types of studies (RCTs or cohort studies), rate of clinical
application of different molecules (TNF inhibitors, Janus kinase
[JAK] inhibitors, interleukin [IL]-6 inhibitors, cytotoxic T lympho-
cyte antigen-4 [CTLA4] Ig, and anti-CD20 monoclonal antibod-
ies), and study duration (excluding studies <6 months, 1 year, or 2
years). Specific causes of mortality such as infections, malignancy,
heart disease, respiratory disease, digestive system disease, cerebral
disease, suicide, unknown, and others were analyzed in subgroups.

3. Results

3.1. Summaries of included studies

The flowchart for the study selection process is summarized in
Figure 1. Among the initially analyzed 1746 studies, 77 studies
fulfilled our inclusion criteria with 73 RCTs and 4 cohort studies,
respectively. The RCTs consisted of 4 baricitinib studies?*23! (one
of which included adalimumab??), 5 tofacitinib studies,’>+2 3
upadacitinib studies,?-*" 13 adalimumab studies,*>* 7 certoli-
zumab pegol studies,**~! 8 etanercept studies,*>>% 6 golimumab
studies, ¢ 8 infliximab studies!®*7*! (one of which included aba-
tacept!®!), 3 sarilumab studies, "7 6 tocilizumab studies,”-%2 §
abatacept studies,/®**"1 and 5 rituximab studies.®*?l The cohort
studies consisted of 4 anti-TNF studies!”>¢ (see Table S1A, B,
Supplemental Digital Content, http:/links.lww.com/MD/G845,
which illustrates baseline characteristics of included studies).
The risk of bias for RCT was systematically evaluated by the
Cochrane tool. Most of our comparison analyses indicated the
RCTs had a high quality of evidence, and only 5 studies were

assessed as high or unclear risk (see Fig. S1A, B, Supplemental
Digital Content, http:/links.lww.com/MD/G845, which illus-
trates evaluation for risk of bias in included RCTs). Funnel
plots indicated an even distribution for the mean values of
the parameters evaluated (see Fig. S2, Supplemental Digital
Content, http:/links.lww.com/MD/G845, which illustrates the
funnel plot of included RCTs). The included cohort studies were
of relatively high quality as Newcastle-Ottawa Scale suggested
(see Table S2, Supplemental Digital Content, http:/links.lww.
com/MD/G845, which illustrates evaluation for risk of bias in
included cohort studies).

The range of study duration was from 6 weeks to 3 years,
and 64,428 patients were included in the analysis. Among these
patients, 44,227 were treated with b/tsDMARDs, and 20,201
were treated with non-b/tsDMARDs.

3.2. Primary outcome

3.2.1. Mortality of any cause upon b/tsDMARD compared
with non-b/tsDMARDs. During the study duration, 1212
(2.74%) deaths were observed in patients treated with b/
tsDMARDs compared to 588 (2.91%) deaths in those treated
with non-b/tsDMARDs. Compared with non-b/tsDMARDs
users, the risks of mortality were not significantly increased in
b/tsDMARD:s users (relative risk [RR] = 1.08; 95% confidence
interval [CI] = 0.98-1.19; Fig. 2).

3.3. Secondary analyses

3.3.1. Subgroup analyses with respect to molecules involved
(TNF inhibitors, JAK inhibitors, IL-6 inhibitors, CTLA4lg
and anti-CD20 Ag) in RCTs. When stratified by the molecules
involved, subgroup analyses showed significant increase in risks
of mortality in anti-TNFs users with RA compared with non-b/
tsDMARDs (RR = 1.47,95% CI = 1.02-2.12). But no significant
difference was found between other molecules subgroups. We
observed the following: in the iIL-6 subgroup: RR = 1.20, 95%
CI = 0.62-2.32; in the JAK inhibitor subgroup: RR = 0.98, 95%
CI = 0.49-1.96; in the CTLA4Ig subgroup: RR = 0.73,95% CI =
0.32-1.69; and in the anti-CD20 subgroup: RR = 0.67, 95% CI
=0.24-1.92 (Fig. 3).
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Figure 4. The associations between the different study duration and mortality endpoint. b/tsDMARD
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3.3.2. Subgroup analyses with respect to the study duration
(studies <6 months, 1 year, or 2 years were excluded) in
RCTs. For this subgroup analysis, the results suggested no
significant difference in the mortality rate between b/tsDMARDs
and non-b/tsDMARDs according to different study duration.
We observed the following: in the study duration >6-month
subgroup: RR =1.10; 95% CI = 0.83-1.46; in the study duration
>1-year subgroup: RR = 1.03; 95% CI = 0.71-1.48; in the study
duration >2-year subgroup: RR = 1.15; 95% CI = 0.63-2.09
(Fig. 4).

3.3.3. Subgroup analyses for mortality of any cause upon
b/tsDMARD compared with non-b/tsDMARDs in cohort
studies. For this subgroup analysis, the results suggested no
significant difference in the mortality rate between b/tsDMARDs
and non-b/tsDMARD:s in cohort studies. (RR = 1.06; 95% CI =
0.95-1.18; Fig. 9).

3.3.4. Proportion of different causes of death for b/
tsDMARDs and non-b/tsDMARDs in RCTs. In this subgroup
analysis, specific causes of mortality (infections, malignancy,
heart disease, pulmonary disease, digestive system disease,
cerebral disease, suicide, unknown, and others) were evaluated.
In both subgroups, the most common cause of mortality was
infections and heart disease (Fig. 6).

4. Discussion

In our meta-analysis, we included RCTs and cohort studies
covering all the bDMARDs and tsDMARDs recommended
by the EULAR.F! To our knowledge, this was the largest
review of mortality associated with b/tsDMARD therapy in
RA. In the meta-analysis, we compared the risk of mortality
between b/tsDMARDs and non-b/tsDMARDs. By analyzing
the existing data, the use of b/tsDMARDs might not be asso-
ciated with increased risks of mortality, consistent with pre-
vious views. 1!

However, the risks of mortality increased in the anti-TNFs
treatment group in the subgroup analysis as the data showed.
Different from our results, an earlier meta-analysis, includ-
ing RCTs, found no difference between the 2 therapies.!'”!
Another meta-analysis reported that anti-TNFs could even
decrease mortality in RA patients.'* It is worth noting that the

inclusion criteria in these meta-analyses were different from
ours. Interventions were limited strictly to anti-TNFs alone and
comparators included placebo and ¢csDMARD:s in the previous
meta-analysis.l'’l While only cohort studies from worldwide
biologic registers were included in the another meta-analysis,!'
patients from the anti-TNFs group and the csDMARD group
were not matched mostly. Different from the meta-analysis
studies mentioned above, the aim of our study was to com-
pare the risk of all-cause mortality between b/tsDMARDs and
non-b/tsDMARDs; all RCTs and cohort studies were included
and all the patients involved in b/tsDMARDs treatment were
calculated.

In our study, the leading causes of death in the anti-TNFs or
b/tsDMARDs groups were heart disease, followed by infections
and malignancy. In terms of the causes of death in RA patients,
heart disease seems to be the most important, and the rates in
b/tsDMARDs and anti-TNFs were slightly higher than non-b/
tsDMARDs as the histograms showed. Consistent with our
findings, possible worsening of cardiovascular function has been
reported in anti-TNFs formerly.'! However, a meta-analysis
published recently indicated that the use of bDMARDs might
be associated with the reduced risks of cardiovascular death in
RA.P7 Different retrieval methods and calculation methods may
lead to different results. More investigations are needed to val-
idate conclusions.

In both treatment groups, infections was an important causes
of death, and the rates in b/tsDMARDs and anti-TNFs were
both lower than the control groups to a small degree. As pre-
vious data showed, an increase in serious infections might be
associated with the anti-TNFs treatment in patients with RA
compared to csDMARDs.P#1% In terms of mortality, our data
indicated that infections were slightly more serious in the non-b/
tsDMARD:s treatment.

Comparing with the non-b/tsDMARDs, the risk of malig-
nancy in b/tsDMARDs was significantly elevated, especially in
anti-TNFs treatment. As reported previously, Published data
showed an increase in overall cancer risk in patients on anti-
TNFs,!'°1 consistent with our results. A 2- to 3-fold increase
in risk with a potential dose-dependent relation between treat-
ment and malignancy was observed.l'2!%] Due to the short
study duration of the RCTs possibly, the proportion of malig-
nancy was <20%. It is worth noting that a recent meta-analysis,
in which only a case-control or cohort study was considered,
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Figure 5. Forest plot of trials comparing b/tsDMARDs with non-b/tsDMARDs for the risk of all-cause mortality in cohort studies. anti-TNF = antitumor necrosis
factor, b/tsDMARD = biological/ targeted synthetic disease-modifying antirheumatic drug, Cl = confidence interval.
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Figure 6. Proportion of different causes of death in b/tsDMARDs and non-b/tsDMARDs in RCTs. b/tsDMARD = biological/targeted synthetic disease-modifying
antirheumatic drug, iTNF = tumor necrosis factor inhibitor, RCT = randomized controlled trial.

showed no increased risk of developing cancer overall or some
specific subtypes in RA patients with prior cancer receiving bio-
logics.['%*l More investigations are warranted to explore the risk
of cancer.

We also performed subgroup analyses based on other mole-
cules (JAK inhibitors, IL-6 inhibitors, CTLA4Ig, and anti-CD20
Ag) and the study duration (>6 months, 1 year, or 2 years). No
influence on the risk of mortality in RA patients was found for
the 2 treatments in any of these subgroups. Compared with anti-
TNFs, studies related to other molecules were lesser relatively.
More data regarding these molecules are needed to confirm the
influence on mortality.

Our study findings should be interpreted with several lim-
itations taken into consideration. First, the studies included in
the meta-analysis had a short duration (<3 years) and are there-
fore not suitable for evaluating delayed-onset events such as
long-term mortality. Moreover, results from RCTs may not be
transposable to “real life” because patients eligible for RCTs
have fewer comorbidities than those encountered in our daily
practice. Second, the comparability between the 2 treatment
groups decreased in the cohort studies from worldwide biologic
registers owing to significant limitations relating to bias and
confounding factors. High-quality and long-term controlled
clinical trials are needed for further confirmation. Third, the
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included studies spanned >20 years, and early studies were dif-
ferent from more recent studies in terms of the patients enrolled
and the study design, although no effects from publication date
bias were found.

5. Conclusion

Our meta-analysis shows that b/tsDMARDs is not associated
with a higher risk of mortality due to any cause during RCTs
or the cohort studies in patients with RA compared to non-b/
tsDMARDs. While the anti-TNFs treatment increased, the risks
of mortality maybe. Further studies are required to assess the
long-term effects of b/tsDMARDs on mortality.
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