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A B S T R A C T

Background: The COVID-19 pandemic significantly affects patients with RA and other rheumatic diseases. Our
study aims to explore the factors associated with COVID-19-related fatality among Rheumatoid Arthritis (RA)
patients, especially immunomodulatory therapies, using the international Food and Drug Administration (FDA)
Adverse Event Reporting System (FAERS).
Methods: Reportes from FAERS were extracted from February 2020 to September 2022, and uesd for this cross-
sectional analysis. The investigative outcome was COVID-19-related death. Age, sex, region, event date, and
immunomodulatory medications classies were included as co-variates in multivariable logistic regression. In view
of the different targeting and affinity of individual JAKi, Tofacitinib, Upadacitinib and Baricitinib was respectively
analyzed.
Results: In all, 3808 cases (mean age 58.85 years, 82.8% female), 267 (7.0%) died. JAKi therapies (41.2%),
followed by TNFi (37.7%), IL-1i (12.2%), IL-6i (4.1%) and Anti-CD20 (3%) were reported. Risk factors associated
with COVID-19-related death in RA patients were age (odds ratio [OR]: 1.06; 95% confidence interval [CI]:
1.05–1.08; p< 0.01), male sex (1.71, 1.26–2.33; p¼ 0.01) and anti-CD20 therapies (5.05; 1.40–18.19; p¼ 0.013).
With TNFi conference, anti-CD20 was still a risk predictor (4.29; 2.39–7.70; p < 0.01). Other DMARDs except for
anti-CD20, did not confer a significant association with mortality, compared with csDMARDs or TNFi. Individual
JAKi showed no obvious difference in the risk of death, compared with csDMARDs or TNFis.
Conclusions: Conclusions Using FAERS open access data for risk prediction of death, anti-CD20 therapies were
recognized as a risk factor for COVID-19-related fatalities among RA patients, other immunomodulatory therapies
were not associated with mortality, compared with csDMARDs or TNFis.
1. Introduction

The persistent COVID-19 significantly affects rheumatoid arthritis
(RA) patients.1–4 RA is the most common systemic autoimmune rheu-
matic disease, with a global prevalence of 0.25%.1–4 Most patients are
treated with immunomodulatory therapy, including conventional syn-
thetic (cs) or biological (b)/targeted synthetic (ts) disease-modified
anti-rheumatoid drugs (DMARDs). While DMARDs are necessary to
tment of the 960th Hospital of th
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control RA disease activity and progression, their influence on severe
COVID-19 outcomes in people with RA remains unclear. On the one
hand, the intrinsic risk of pre-existing disease and baseline treatment of
immune-modifying drugs may lead to impaired viral immune defence,
then aggravate worse COVID-19 pathological development, which raised
concern.5,6 In most previous retrospective investigations, immunomod-
ulatory therapy (beside anti-CD20) did not present a risk of severe
COVID-19 consequence.7–12 RItuximab (RTX) as a representative anti
CD20 drug, was found association with increased risk of
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i Communications Co. Ltd. This is an open access article under the CC BY license

mailto:gjm90h@126.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ipha.2024.05.003&domain=pdf
www.sciencedirect.com/science/journal/2949866X
www.keaipublishing.com/en/journals/intelligent-pharmacy
https://doi.org/10.1016/j.ipha.2024.05.003
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ipha.2024.05.003
https://doi.org/10.1016/j.ipha.2024.05.003


Abbreviations

RA ¼ Rheumatoid Arthritis
FDA ¼ Food and Drug Administration
FAERS ¼ FDA Adverse Event Reporting System
cs ¼ conventional synthetic
b ¼ biological
ts ¼ targeted synthetic
DMARDs ¼ disease-modified anti-rheumatoid drugs
RTX ¼ Rituximab
TNFi ¼ tumor necrosis factor a inhibitor
JAKi ¼ Janus Kinase inhibitors
IL-6i ¼ Interleukin 6 inhibitor
MLR ¼ multivariable logistic regression analysis
OR ¼ odds ratio
GRA ¼ Global Rheumatology Alliance
N3C ¼ National COVID Cohort Collaborative.
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COVID-19-related death or poor outcome in RA patients, compared with
csDMARDs or tumor necrosis factor a inhibitor (TNFi).3,12–15 Regarding
Janus Kinase inhibitors (JAKi) and Interleukin 6 inhibitor (IL-6i), the
findings are inconsistent, with some exhibited increased risk for sdverse
COVID-19 consequences,3,13,16–19 with some showed no association.7–12

On the other hand, interestingly, some medications of DMARDs have
been recommended to treat inflammation caused by SARS-CoV-2,20 due
to the pathological crosstalk between COVID-19 and RA, especially
cytokine and immune activation. In some clinical trail, administration of
baricitinib and IL-6i led to improved outcomes of patients with
COVID-19.21,22 We acknowledge that the death of COVID19 was caused
Fig. 1. Study design and data processing flow. Abbreviations: COVID-19: Coronaviru
Event Reporting System, IFN-Beta: Interferon Beta, NOS: not otherwise specified,SA
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by multiple factors, both the general population and in RA patients. The
limited samples, heterogeneous rheumatic diseases and medications, as
well as uncontrolled confounding factors may partial interpretate the
difference between previous studies. More reliable data of DMARDs use
is needed to confirm the influence, particularly regarding factors asso-
ciated with COVID-19-related deaths.

The United States Food and Drug Administration (FDA) Adverse
Event Reporting System (FAERS) database is a postmarketing surveil-
lance and pharmacovigilance platform.23,24 The present study aimed to
detect the associations of different classes of DMARDs with
COVID-19-related deaths in RA people based on reports from FAERS. We
take advantage of the resources available to address the knowledge gaps
around influence of immunomodulatory therapy on COVID-19 death
outcomes.

2. Methods

Relevant data are derived from “public dashboard” in FAERS data-
base (as of 31 September 2020, downloaded on 14 December, 2022)
(Supplemental eTable 1 Data sources). Data were cleaned by eliminating
duplicates, incomplete and implausible reports24 (Fig. 1 Study design and
data processing flow). A multivariable logistic regression analysis (MLR)
was performed, with the dependent variable ‘death’ and independent
variables including age, sex, region, month of the filed report (‘event
date’) and the respective DMARDs.We controlled for local epidemio-
logical factors by adjusting the MLR for “hospital beds per 1000 persons
per country” and “health expenditure per person per country (USD)”re-
trieved from the World Bank.25,26

Immune-modulatory medications were categorized as csDMARDs and
b/tsDMARDs. CsDMARDs therapies included methotrexate, leflunomide,
sulphasalazine, and antimalarials (Hydroxychloroquine, chloroquine).
B/tsDMARDs therapies comprised of TNFi (adalimumab, golimumab,
s Disease 2019, FDA: U.S. Food and Drug Administration, FAERS: FDA Adverse
RS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus Type 2.



L. Bing et al. Intelligent Pharmacy 2 (2024) 451–455
certolizumab, infliximab and etanercept), IL-1 inhibitors (IL-1i, including
abatacept and anakinra), IL-6i (tocilizumab and sarilumab), anti-CD20
therapy (RTX), and JAKi (tofacitinib, upadacittinib, baricitinib, filgoti-
nib and alectinib). Individuals treated with both csDMARDs and b/
tsDMARDs were considered exposed to the latter. Immunomodulatory
drugs were distinguished from immunosuppressive drugs as recom-
mended,13 thereby the latter did not include in our study.

A two-sided hypothesis test with a level of significance of p < 0.05
was made. Nagelkerke's R2 is suggested for MLR. Analyses were con-
ducted with IBM SPSS version 27 forWindows. An ethical board approval
was not required in our study, because of anonymization in open access
data and unrecognization of patient's information during our analyses.

3. Results

After extracting and cleaning the data, a total of 3808 reports were
analyzed in our final cohort. The characteristics of the included patients
are presented in Table 1. Most patients were �65 years (31.4%), with a
median age of 58.85 � 12.58 years. The patients treated were mainly
women, 82.8% (3153/3808), and three-fourths originated from the
United States and Canada (73%, 2791/3808). Regarding immunemo-
dulatory treatment, JAKi therapies were the most frequently reported
class (41.2%), followed by TNFi (37.7%), IL-1i (12.2%), IL-6i (4.1%),
anti-CD20 (3%) and csDMARDs (1.9%). The respective single medica-
tions therein are shown in Table 1. Most reports were severe, resulting in
hospitalization (75.13%), death (19.31%), life-threatening events
(3.98%), disabled (1.52%) or congenital anomaly (0.07%) (Supple-
mental eTable 2 Numerically reported outcomes). The overall reported
mortality rate in our study was 7.01% among RA patients who suffered
Table 1
Cohort characteristics.

Overa

No. [%

Age in years [mean (SD)] 58.85
Sex Male 655 [1

Female 3153
Region USA/Canada 2791

South- and Central America 657 [1
Europe 302 [7
Asia 58 [1.

RA-immunotherapies csDMARDs 73[1.9
Methotrexate 59 [80
Hydroxychloroquine 6 [8.2
Leflunomide 5 [6.8
Sulfasalazine 3 [4.1
TNFi 1435
Adalimumab 443 [3
Etanercept 395 [2
Golimumab 265 [1
Certolizumab 221 [2
Infliximab 111 [1
JAKi 1568
Tofacitinib 1197
Upadacitinib 329 2
Baricitinib 40 [2.
Filgotinib 1 [0.1
Alectinib 1 [0.1
IL-1 inhibitor 463 [1
Abatacept 458 [9
Anakinra 5 [1.1
IL-6 inhibitor 155 [4
Sarilumab 93 60
Tocilizumab 62 40
Anti-CD20 114 3
Rituximab 113 [9
Ocrelizumab 1 [0.9

n, sample size; nos, not otherwise specified; USA, United States of America; RA, Rheum
numbers of reported deaths and survived cases are displayed. Percentages relate to th
groups (e.g., rituximab) in respect to their proportion within their medication group
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from COVID (267/3808). The monthly distribution of COVID-19
morbidity and mortality varied in different regions (Supplemental
eFig. 1A and B).

MLR was performed to identify the interaction between DMARDs use
and COVID19 mortality, controlling for covariates (age, sex, region, and
reporting year). As shown in Fig. 2, age (odds ratio [OR]: 1.06; 95% CI:
1.05–1.08; p < 0.01) and male sex (1.71; 1.26–2.33; p ¼ 0.01) were
significant risk factors of COVID-19-related death. Region was found to
be a influence factor, with higher mortality risk in Asia (2.64; 0.99–7.08;
p ¼ 0.052), Europe (1.82; 1.01–3.26; p ¼ 0.045) and South-Central
America (1.66; 0.80–3.44; p ¼ 0.17), compared with that in USA and
Canada. Administration of anti-CD20 therapy was a significant predictor
of lethal COVID-19, with OR 5.05 (95% CI: 1.40–18.19; p ¼ 0.013). No
correlation were found for TNFi, IL-1i, IL-6i, and JAKi, with csDMARDs
as reference. As TNFi accounted for the largest proportion of immuno-
modulatory therapies, it is used as a reference to access other DMARDs.
The results were identical. There were no obvious differences in risk
between DMARDs and COVID-19 mortality expected for anti-CD20
therapy with an increased risk, Supplemental eFig. 2). Considering the
different targeting and affinity of JAKi, tofacitinib, upadacitinib and
baricitinib were respectively analyzed. Similarly, no obvious differences
in the risk of death were observed, compared with TNFis or csDMARDs
(Supplemental eFig. 3).

4. Discussion

This is the first study based on FAERS to date adverse outcomes of
COVID19 among RA individuals, which is the largest database of drugs
pharmacovigilance. And the local dynamics of epidemic and regional
ll n ¼ 3808 Dead n ¼ 267 Survived n ¼ 3541

] No. [%] No. [%]

（SD ¼ 12.58） 67.66(SD ¼ 10.79) 58.19(SD ¼ 12.46)
7.2] 74 [27.7] 581 [16.4]
[82.8] 193 [72.3] 2960 [83.6]
[73.0] 109 [40.8] 2682 [75.7]
7.2] 100 [37.5] 557 [15.7]
.9] 47 [17.6] 255 [7.2]
5] 11 [4.1] 47 [1.3]
] 3 [1.1] 70[2.0]
.8] 2 [66.7] 57 [81.4]
] 0 0 6 [8.6]
] 1 [33.3] 4 [4.7]
] 0 0 3 [4.3]
[37.7] 115 [43.1] 1320[37.3]
0.9] 40 [34.8] 403 [30.5]
7.5] 11 [9.6] 384 [29.1]
8.5] 35 [30.4] 230 [17.4]
1.1] 14 [13.2] 207 [15.7]
0.6] 15 [14.2] 96 [7.3]
[41.2] 77 [28.8] 1491 [42.1]
[76.3] 37 [48.1] 1160 [77.8]
1 35 [45.5] 294 [19.7]
6] 5 [6.5] 35 [2.3]
] 0 0 1 [0.1]
] 0 0 1 [0.1]
2.2] 37 [13.9] 426 12
8.9] 35 [94.6] 423 [99.3]
] 2 [5.4] 3 [0.7]
.1] 5 [1.9] 150 [4.2]

3 60 90 60
2 40 62 40
30 [11.2] 84 [2.4]

9.1] 32 [96.7] 84 100
] 1 [3.3] 0 0

atoid Arthritis; TNFi, tumor necrosis factor inhibitor; JAKi, Janus kinase; Absolute
e dead or survived population. Percentage of drugs listed below the medication
(e.g. anti-CD20).



Fig. 2. Multivariable logistic regression analysis of COVID-19 mortality risk factor. (a) ORs for age, sex, region and immunotherapy. (b) ORs for each month of “initial
FDA received date”.
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ability of the healthcare system were also included in the study. Age and
male sex were confirmed as risk factors of COVID-19-related death in RA
patients. The results agree with previous studies in the general popula-
tion of rheumatic patients.3,9,13,27 Regarding immunomodulatory ther-
apy, anti-CD20 therapy increased the mortality risk of SARS-CoV-2
infection, compared with csDMARDs or TNFi. There was no increased
risk of COVID-19-related death in people prescribed TNFi, IL-6i, IL-1i,
and JAKi, compared with csDMARDs. Similar results were observed
when TNFi served as reference. Besides anti-CD20 therapy, other tar-
geted therapies exhibited no significant association with adverse out-
comes. Although individual JAKi differs in targeting and affinity, affinity,
tofacitinib, upadacitinib or baricitinib have no obvious difference in the
risk of death, compared with TNFi or csDMARDs.

RA treatment is believed challenging during COVID-19 pandemic.20

Firstly, continuous immunomodulation is essential for controlling
development and progression of rheumatic disease. Global Rheuma-
tology Alliance (GRA) study reported higher poor outcomes and mor-
tality in patients with rheumatic disease not receiving any DMARD (2.11,
1.48 to 3.01), compared with methotrexate monotherapy.3 Discontinu-
ing effective treatment is not discouraged, unless supported by sufficient
evidence, even during a pandemic. Secondly, the effect of immuno-
modulatory therapy on COVID-19 is still unclear, but it's getting clearer
as clinical evidence accumulates and reports. Most studies showed that
administration of immunomodulatory therapies (except RTX) did not
confer a risk of severe COVID-19 consequence,7–12 consistent with our
results. RTX exposure could cause elimination of circulating pre-B cells
and B cells, and then results in an impaired immune response to
COVID-1914,15. GRA study3,13 and The National COVID Cohort Collabo-
rative (n3C) data15 recognized RTX as a risk factor for in-hospital death in
people with rheumatologic conditions, as well as ICU admission and
invasive ventiliation in RA patients. Data from previous studies related to
other b/tsDMARDs and COVID-19 outcomes have reached discrepant
conclusions, like JAKi, IL6 or TNFa.3,13,16–19 GRA study3,13 reported a
higher risk for poor outcomes in JAKi users and no difference in IL6 users,
compared with methotrexate monotherapy or TNFi. A multicenter
research network study18 only find the hospitalization risk was higher in
IL-6 users than in TNFi users, while the risk of mortality and severity with
no difference. A meta-analysis16 of autoimmune diseases and COVID-19,
reported higher rates of hospital admission and death in people treated
with JAKi, but lower rates in TNFi users. A further pooled analysis from
three international COVID-19 registries17 reported a reduction in severe
COVID-19 outcomes among TNF inhibitor monotherapy users compared
with those on other treatment regimens. Other studies found no associ-
ation in rheumatic diseases and RA,7–12 in accordance with our study.
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Residual confounders such as disease activity, concomitant glucocorti-
coids may explain the contrasting findings in IL-6i, JAKi or TNFi users,28

comorbidity conditions, or the timing of immunomodulatory drug usage
during SARS-CoV-2 infection.2 In addition, data sources (from patients or
physician-reported), interested disease (combined heterogeneous rheu-
matism or RA), and study design also account for the difference. Our
study includes the largest drug safety dataset, providing much-needed
additional clarity on this rapidly evolving field.

Two of the known characteristics of COVID-19 death, advanced age
and male sex have been found associated with adverse outcomes in
rheumatic disease and RA patients.3,13,29 We proved the identical results,
which support the validity of our study. In this cohort population, women
make up a large proportion, in line with the general epidemiology of RA.
The sex bias can be interpreted in terms of differences in sex hormones,
immune effectors, and innate and adaptive immune responses between
males and females.29 In addition, we observed the considerable differ-
ence in the risk of fatalities between regions, with higher proportions in
Asia (11//58,19.0%) than other regions. We believe that the risk of the
region should not be made. The distribution of RA, socioeconomic con-
dition and access to medical care could partly account for the difference
of regions.29

There are several limitations in using FAERS database. First, because
of the voluntary nature of FAERS, reporting, reporting and notoriety bias
and missing information were inevitable,23,24 like the comorbidity and
drug combination glucocorticoid,28 which have been confirmed to be the
key factors related to the severe outcome; Second, the results from FAERS
should not be interpreted as a causal relationship between drugs and
clinical events, but rather as a suggestion of an association and an
important point for further research.23,24

5. Conclusions

In this study, we showed the characteristics of COVID-19 death based
on FAERS. Among people with RA and COVID-19, immunomodulatory
therapy did not increase the risk of mortality, except for anti-CD20
therapy recognized as a predictor of death risk.

6. Data availability statement

Publicly available datasets were analyzed in this study. This data can
be found here: www.fda.gov/drugs/questions-and-answers-fdas-
adverse-event-reporting-system-faers/fda-adverse-event-reporting-syste
m-faers-public-dashboard.
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http://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
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