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A B S T R A C T   

Objective: To assess whether rituximab (RTX) is associated with worse COVID-19 outcomes among patients with 
rheumatoid arthritis (RA). 
Methods: We used the National COVID Cohort Collaborative (N3C), the largest US cohort of COVID-19 cases and 
controls, to identify patients with RA (International Classification of Diseases (ICD)-10 code, M05.X or M06.X). 
Key outcomes were COVID-19-related hospitalization, intensive care unit (ICU) admission, 30-day mortality, and 
World Health Organization (WHO) classification for COVID-19 severity. We used multivariable logistic regres-
sion models to assess the association between RTX use and the odds of COVID-19 outcomes compared with the 
use of conventional synthetic disease modifying anti-rheumatic drugs (csDMARDs), adjusting for demographics, 
medical comorbidities, smoking status, body mass index, US region and COVID-19 treatments. 
Results: A total of 69,549 patients met our eligibility criteria of which 22,956 received a COVID-19 positive 
diagnosis between 1/1/2020 and 9/16/2021. Median (IQR) age of the cohort was 63 (52–72) years, 76% of the 
cohort was female, 68% was non-Hispanic/Latinx White, and 73% was non-smokers. Prior to their first COVID- 
19 diagnosis, 364 patients were exposed to RTX. Compared to the use of csDMARDs, RTX use was associated with 
an increased odds of COVID-19-related hospitalization (adjusted odds ratio [aOR] 2.1, 95% confidence interval 
1.5–3.0), ICU admission (aOR 5.2, 1.8–15.4) and invasive ventilation (aOR 2.7, 1.4–5.5). Results were confirmed 
in multiple sensitivity analyses. 
Conclusion: Our findings can guide patients, providers, and policymakers regarding the increased risks associated 
with RTX use during the COVID-19 pandemic. These results can help risk stratification and prognosis-assessment.    
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Introduction 

The COVID-19 pandemic has significantly impacted the lives of 
people worldwide. As the pandemic has progressed, a higher risk of 
incident COVID-19 infection or worse outcomes in certain immuno-
compromised subpopulations, such as those with rheumatoid arthritis 
(RA) [1,2] has been described. This is potentially related not only to 
their underlying disease but also due to the use of immunosuppressive 
medications used to treat RA [3,4]. Specifically, some studies have 
raised concerns regarding rituximab (RTX) exposure being associated 
with worse COVID-19 outcome [3–6]. For example, Sparks et al., using 
the data from the global rheumatology alliance (GRA) that contained 
physician-reported survey data, found that people with RA who were 
treated with RTX or JAK inhibitor had worse COVID-19 severity 
(defined as hospitalization/death) than those on tumor necrosis factor 
inhibitors (TNFi) [5]. These studies have several limitations that limit 
the interpretation of their results. For example, most studies lacked a 
control group [5], had a small sample size of patients treated with RTX 
[4], or included patients with heterogeneous rheumatic diseases [6], 
which can have differential disease-associated risk of COVID-19 infec-
tion and related outcomes. Additionally, many important outcomes such 
as ICU-admission or 30-day mortality were not examined in earlier 
studies, likely due to the small sample sizes of RTX-treated RA patients. 

Thus, an evidence gap exists in elucidating the potentially harmful 
role that RA treatment with RTX plays in COVID-19 infection risk and 
outcomes. Besides the innate immune system and T cells, B lymphocytes 
play a major role in the early stages of innate immune response to viral 
infections, including viral antigen processing, and building an immu-
nologic memory [7]. Given that RTX inhibits this by eliminating B-cells 
for several months [8,9], RA patients exposed to RTX may have a 
heightened risk for worse COVID-19 outcomes. Therefore, the objective 
of our study was to evaluate the associations between baseline use of 
RTX in patients with RA and COVID-19 outcomes using a nationally 
sampled cohort of patients. 

Methods 

Study database and sample selection 

The National COVID Cohort Collaborative (N3C), a centralized, 
harmonized, high-granularity electronic medical record (EMR) re-
pository, is the largest nationally sampled US cohort of COVID-19 cases 
and controls to date [10]. N3C is comprised of members from the NIH 
Clinical and Translational Science Awards (CTSA) Program and its 
Center for Data to Health (CD2H), the IDeA Centers for Translational 
Research, the National Patient-Centered Clinical Research Network 
(PCORNet), the Observational Health Data Sciences and Informatics 
(OHDSI), TriNetX, and the Accrual to Clinical Trials (ACT) networks. 

N3C includes de-identified data from outpatient, emergency room, 
and inpatient encounters and includes the health records of two COVID- 
19 negative controls for every COVID-19 positive patient, matched on 
demographic factors, from each participating data partner site [4]. 
COVID-19 positive patients are defined as individuals with any 
encounter on or after 1/1/2020 with 1) one of a set of a priori-defined 
SARS-CoV-2 laboratory tests, >95% of which are PCR-positive, 2) a 
“strong positive” diagnostic code, or 3) two “weak positive” diagnostic 
codes during the same encounter or date. The cohort definition is pub-
licly available on GitHub [11]. For patients included in N3C, encounters 
in the same data partner site beginning on or after 1/1/2018 are also 
included to provide information about pre-existing health conditions (i. 
e., “lookback data”). For these analyses, the data from January 1, 2018, 
to those records available in the de-identified v45 database release 
(Release-v45–9–16–21) were used. De-identified data in N3C includes 
randomly shifted dates per patient of +/- 180 days and provides 3-digit 
zip codes. 

Definition of the RA cohort and DMARD exposures 

We defined patients with RA has having one or more International 
Classification of Disease, tenth revision, common modification (ICD-10- 
CM) codes for RA (Appendix 1), prior to their COVID-19 infection; 
alternate stricter definitions were tested in sensitivity analyses (see 
analysis section for details on each sensitivity analysis). 

We categorized DMARDs as follows: [1] conventional DMARDs 
(csDMARDs) such as methotrexate, hydroxychloroquine, sulfasalazine, 
or leflunomide; [2] biologic DMARDs (bDMARDs) such as tumor ne-
crosis factor inhibitors (TNFi-biologics: adalimumab, etanercept, 
infliximab, golimumab, or certolizumab), IL-6 inhibitors (tocilizumab or 
sarilumab), cytotoxic T lymphocyte-associated antigen immunoglobulin 
(CTLA4-Ig) abatacept; [3] targeted synthetic DMARDs (tsDMARDs) that 
include Janus Kinase inhibitors (JAKi), tofacitinib, baricitinib and 
upadacitinib; or [4] multiple DMARDs (more than one DMARD). We 
treated baseline use of RTX prior to the COVID-19 infection as the main 
exposure of interest. We separated RTX from the bDMARD category due 
to RTX’s unique effects on B-cell function [8,9]. DMARD exposure is 
defined as having a DMARD-associated medication exposure date prior 
to the date of COVID-19 diagnosis. We calculated the time since the last 
documented RTX infusion before COVID-19 diagnosis and categorized it 
as: less than 30 days; 31–180 days; or greater than 180 days. 

COVID-19 outcomes 

Our study’s primary COVID-19 outcomes included the following 
among COVID-19 positive patients: [1] COVID-19-related hospitaliza-
tion; [2] intensive care unit (ICU) admission; [3] 30-day mortality; and 
[4] COVID-19 severe/fatal World Health Organization (WHO) classifi-
cation level 7 or above [13]. Five levels of disease severity were defined, 
as in previous N3C analyses [14]: asymptomatic or mild disease with 
outpatient care only (WHO severity 1–2), mild disease requiring only an 
emergency department (ED) visit (WHO severity 3), moderate disease 
with COVID-19-related hospitalization but without invasive ventilation 
(WHO severity 4–6), severe disease with COVID-19-related hospitali-
zation requiring invasive ventilation or extracorporeal membrane 
oxygenation (ECMO) treatment (WHO severity 7–9), and death (WHO 
severity 10). 

Our secondary outcomes included the following for the first or index 
COVID-19-related hospitalization: [1] invasive ventilation; [2] acute 
kidney injury (AKI) in-hospital; [3] ICU mortality; [4] in-hospital mor-
tality; [5] ICU length of stay; and [6] hospital length of stay. 

Covariates 

We extracted demographics (age, sex, and race/ethnicity), body 
mass index (BMI, classified as underweight, normal, overweight, and 
obese), smoking history (never vs. ever vs. unknown), and US region 
(West, Midwest, Northeast, South or unknown) from N3C. We identified 
comorbidities using the Deyo-Charlson index score (prior to the COVID- 
19 diagnosis) [12], a validated comorbidity measure, as detailed in 
Appendix 1. We utilized a modified Deyo-Charlson index, and excluded 
the rheumatic disease category to avoid redundancy, since all patients 
for these analyses had RA. 

To account for the treatments received for COVID-19 infection, as 
they may have differentially affected COVID-19 outcomes, we created 
nine groups of COVID-19 treatments: group 1 (intravenous pressor 
support medications such as dopamine, dobutamine, epinephrine, epo-
prostenol); group 2 (intravenous use of hydrocortisone or dexametha-
sone); group 3 (chloroquine); group 4 (inhaled nitric oxide); group 5 
(azithromycin); group 6 (oral steroids- methylprednisolone, predniso-
lone or prednisone); group 7 (antivirals such as remdesivir, ritonavir, 
lopinavir); group 8 (anakinra); and group 9 (intravenous 
immunoglobulin). 
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Statistical analysis 

We provide the descriptive statistics for the cohort using median 
(interquartile range [IQR]) or categories (%) for continuous and cate-
gorical variables, respectively, stratified by COVID-19 status. We per-
formed multivariable logistic regression models with Firth’s penalized 
likelihood [13], that adjusted for demographics, BMI, smoking status, 
US region, and our modified Deyo-Charlson index as a binary variable 
(yes/no), to evaluate the association between baseline RTX use and our 
primary and secondary outcomes compared to baseline csDMARD use. 
Except for hospitalization, which usually occurs before administration of 
most of the listed COVID-19 treatments, we additionally adjusted the 
main models for all COVID-19 treatments. To assess the last-RTX-dose 
associated risk, we also evaluated the unadjusted associations between 
time since last RTX infusion and the odds of our primary outcomes. 

We conducted the following sensitivity analyses to assess the 
robustness of our findings: [1] adjustment for modified Deyo-Charlson 
comorbidity score treating it as categorical variable (0, 1, 2 versus 3 
or more); [2] adjustment for Deyo-Charlson comorbidity score with each 
comorbidity separately [3] limited the cohort to those with two or more 
ICD-10 codes for RA prior to the COVID-19 infection; [4] limited the 
cohort to those with one ICD-10 code for RA plus a DMARD, defined as a 
csDMARD, bDMARD (except RTX), RTX, or tsDMARD; [5] analysis 
where hydroxychloroquine was the reference category; [6] analysis 
where no DMARD was the reference category; and [7] analysis where 
TNFi-biologic was the reference category. Patients with missing data 
were excluded from analyses. All analyses were conducted in the N3C 
Enclave using R [14]. 

Results 

Baseline patient characteristics 

A total of 69,549 RA patients met our eligibility criteria (Fig. 1), of 
whom 22,956 (33%) were COVID-19 positive during the study period. 
The median age was 63 years (IQR, 52–72), 76% were females, 68% 
non-Hispanic/Latinx White and 73% non-smokers in our cohort 
(Table 1). Pulmonary disease was seen in 39% and hypertension in 60% 
of the patients. Overall, we observed 4219 (18.38%) hospitalizations, 
and 1079 (4.70%) deaths among those diagnosed with COVID-19. 

In the overall cohort, 43,932 (63.17%) of the patients were using oral 
glucocorticoids at baseline, 32,381 (46.56%) were on a csDMARD, 
11,194 (16.10%) on a TNFi-biologic, 3983 (5.73%) on a JAKi and 1874 
(2.69%) were on RTX. 364 (1.60%) patients were exposed to RTX prior 
to their first positive COVID-19 test, of whom 93 (26%) were 

Fig. 1. Flow diagram showing the cohort selection 
Legend: ICD International Classification of diseases; RA: Rheumatoid Arthritis. 

Table 1 
Baseline characteristics of RA patients by COVID-19 status from US N3C cohort.  

Characteristic COVID-19 Negative 
(n ¼ 46,593) 

COVID-19 Positive 
(n ¼ 22,956) 

Age (median [IQR]) 64.00 [53.0, 73.0] 61.00 [51.0, 71.0] 
BMI (median [IQR]) 28.94 [24.60, 34.39] 29.90 [25.45, 35.44] 
Weight (median [IQR]) 79.47 [65.77, 96.16] 81.69 [67.99, 98.90] 
Deyo Charlson Index (median 

[IQR]) 
3.00 [2.00, 6.000] 2.00 [1.00, 4.00] 

Modified Deyo-Charlson 
(median [IQR]) 

2.00 [1.00 5.00] 1.00 [0.00 3.00] 

Males (%) 11,369 (24.40) 5464 (23.80) 
Race/ethnicity (%) 

Non-Hispanic/Latinx White 32,402 (69.54) 14,717 (64.11) 
Non-Hispanic/Latinx Black 7122 (15.29) 3150 (13.72) 
Hispanic/Latinx White 1543 (3.31) 915 (3.99) 
Hispanic/Latinx Black 115 (0.25) 61 (0.27) 
Asian 837 (1.80) 351 (1.53) 
Pacific Islander 43 (0.09) 28 (0.12) 
Other 271 (0.58) 0 (0.00) 
Unknown 4260 (9.14) 3734 (16.27) 

US Region (%) 
Midwest 13,609 (29.21) 9375 (40.84) 
Northeast 7703 (16.53) 3473 (15.13) 
South 10,741 (23.05) 4088 (17.81) 
West 5124 (11.00) 2053 (8.94) 
Unknown 9416 (20.21) 3967 (17.28) 

Smoking status (%) 
Current or Former 13,553 (29.09) 4931 (21.48) 
Non-smoker 32,990 (70.80) 17,709 (77.14) 
Unknown 50 (0.11) 316 (1.38) 

Payer (%) 
Medicaid 1109 (2.38) 417 (1.82) 
Medicare 6661 (14.30) 1960 (8.54) 
None 1458 (3.13) 704 (3.07) 
Other 213 (0.46) 78 (0.34) 
Private 3674 (7.89) 1488 (6.48) 
Unknown 33,462 (71.82) 18,300 (79.72) 

Deyo Charlson Index Clinical comorbidities (%) 
Myocardial infarction 5093 (10.93) 1482 (6.46) 
Congestive heart failure 9142 (19.62) 3122 (13.60) 
Peripheral vascular disease 10,491 (22.52) 3314 (14.44) 
Stroke 8163 (17.52) 2542 (11.07) 
Dementia 1809 (3.88) 697 (3.04) 
Pulmonary 19,623 (42.12) 7305 (31.82) 
Peptic ulcer disease 2840 (6.10) 821 (3.58) 
Mild liver disease 6982 (14.99) 2407 (10.49) 
Severe liver disease 1182 (2.54) 321 (1.40) 
Diabetes 15,040 (32.28) 6555 (28.55) 
Diabetes complications 7311 (15.69) 2994 (13.04) 
Paralysis 1118 (2.40) 348 (1.52) 
Renal disease 8947 (19.20) 3498 (15.24) 
Cancer 8214 (17.63) 2677 (11.66) 
Metastases 1812 (3.89) 394 (1.72) 
HIV 235 (0.50) 92 (0.40) 

Deyo Charlson Index Score 
0 10,531 (22.60) 8111 (35.33) 
1 8922 (19.15) 4589 (19.99) 
2 6538 (14.03) 2849 (12.41) 
3 or more 20,602 (44.22) 7407 (32.27) 

Non-Deyo Charlson comorbidities 
Obesity 14,546 (31.22) 6446 (28.08) 
Hypertension 29,767 (63.89) 12,294 (53.55) 
CAD 10,621 (22.80) 3636 (15.84) 

DMARDs for RA 
Rituximab$ 1357 (2.91) 517$ (2.25) 
csDMARD 21,928 (47.06) 10,453 (45.53) 
TNFi-biologic 7843 (16.83) 3351 (14.60) 
IL-6i 1302 (2.79) 615 (2.68) 
Abatacept 1831 (3.93) 671 (2.92) 
JAKi 2718 (5.83) 1265 (5.51) 
Glucocorticoids 30,097 (64.60) 13,835 (60.27) 

COVID-19 treatment groups 
Hydrocortisone or 
Dexamethasone 

<20* 587 (2.56) 

Chloroquine 0 (0.00) 463 (2.02) 
Azithromycin <20* 586 (2.55) 

(continued on next page) 
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hospitalized for COVID-19, 24 (6.6%) required invasive ventilation, and 
29 (8%) died (Table 2). 

Multivariable-adjusted association between baseline use of RTX and 
COVID-19 outcomes 

In multivariable-adjusted models, compared to the baseline use of 
csDMARDs, RTX use was associated with an increased odds of COVID- 
19-related hospitalization (adjusted odds ratio [aOR] 2.14, 95% CI 
1.51–3.04); and, in those hospitalized, with increased odds of ICU 
admission (aOR 5.22, 95% CI 1.77–15.41) and invasive ventilation (aOR 
2.74, 95% CI 1.36–5.51) (Table 3 and Fig. 2). 

Other variables associated with COVID-19-related hospitalization 
included being from the Midwest (aOR 1.28, 95% CI 1.09–1.49) or South 
(aOR 1.65, 95% CI 1.42–1.93) compared to the West, or being Black 
(aOR 1.89, 95% CI 1.72–2.08) or Hispanic/Latinx (aOR 1.25, 95% CI 

1.04–1.50) compared to non-Hispanic/Latinx White. 

Association between time since RTX and COVID-19 outcomes 

Compared to less than 30 days since last RTX infusion, we observed 
lower 30-day mortality in those who had their infusions >180 days 
(unadjusted OR 0.25, 95% CI 0.06–0.98), but not for 31–180 days 
(Appendix 4). There were no statistically significant associations 
observed for COVID-19-related hospitalization or COVID-19 severity 
(Appendix 4). 

Sensitivity analyses 

The results were similar in sensitivity analyses (Fig. 3). Compared to 
csDMARDs, RTX use was associated with increased odds of COVID-19- 
related hospitalization in models with: [1] Deyo-Charlson categorical 
(aOR 2.04, 95% CI 1.44–2.91); [2] Deyo-Charlson individual comor-
bidities (aOR 2.07, 95% CI 1.46–2.96); [3] 2 or more RA codes (aOR 
1.98, 95% CI 1.26–3.12); [4] RA code plus DMARD (aOR 2.16, 95% CI 
1.52–3.07) models. Compared to different referent category, results 
showed that RTX use was still associated with an increased odds of 
COVID-19-related hospitalization in comparison to: [5] HCQ (aOR 2.60, 
95% CI 1.78–3.78); [6] no DMARD (aOR 1.56, 95% CI 1.11–2.21); and 
[7] TNFi-biologic (aOR 1.82, 95% CI 1.24–2.69). Similar results were 
seen for ICU admission and invasive ventilation (Fig. 3 and Appendices 
5–11). 

Discussion 

In the largest U.S. retrospective cohort study to date among RA pa-
tients, as compared to csDMARDs, the baseline use of RTX is associated 
with increased odds of COVID-19 hospitalization, ICU admission, and 
invasive ventilation. More recent RTX use is associated with a higher risk 
of 30-day mortality compared to >180 days since the last infusion. 
These findings can guide patients, providers, and policymakers 
regarding the increased risks associated with RTX use during the COVID- 

Table 1 (continued ) 

Characteristic COVID-19 Negative 
(n ¼ 46,593) 

COVID-19 Positive 
(n ¼ 22,956) 

Glucocorticoids1 <20* 1000 (4.36) 
Antivirals# <20* 648 (2.82) 
Anakinra 0 (0.00) 43 (0.19) 
Intravenous 
Immunoglobulin 

74 (0.16) 20 (0.09) 

Selected COVID-19 outcomes amongst those COVID-19 positive 
Hospitalization – 4219 (18.38) 
Deaths – 1079 (4.70) 
ICU admission – 193 (0.84) 

Abbreviations: BMI: body mass index; CAD: coronary artery disease; csDMARD: 
conventional synthetic disease modifying anti-rheumatic drug; H: Hispanic; 
HIV: human immunodeficiency virus; ICU: Intensive care unit; IL-6i: Interleukin 
6 inhibitor; IQR: Interquartile range; JAKi: Janus Kinase inhibitor; NH: Non- 
Hispanic; RA: rheumatoid arthritis; US: United States. 

1 Glucocorticoids: methylprednisolone, prednisolone, or prednisone. 
# Antivirals include remdesivir, lopinavir or lopinavir-ritonavir combination;. 
$ Of these, 49 received RTX after COVID-19 infection and 104 received both 

before and after the COVID-19 infection. 
* Counts less than 20 can only be presented as <20 per N3C data and privacy 

requirements. 

Table 2 
Occurrence of COVID-19 outcomes among COVID-19 positive RA patients by 
rituximab exposure prior to the COVID infection from U.S. N3C cohort.  

Outcome Non-exposed to 
RTX 

Exposed to 
RTX  

N = 22,439 N = 364 
Primary Outcomes   

Hospitalization 4085 (18.20) 93 (25.55) 
ICU admission 182 (0.81) <20** 
30-day mortality 692 (3.08) <20** 
Severe/fatal COVID-19 (WHO severity 
7–10)*** 

1046 (4.66) 29 (7.97) 

Invasive Ventilation 582 (2.59) 24 (6.59) 
AKI in hospital 1104 (4.92) 28 (7.69) 
ICU mortality 72 (0.32) <20** 
In-hospital mortality 652 (2.91) <20** 
ICU LOS (mean (SD)) 15.41 (13.21) 17.00 (10.24) 
Hospital LOS (mean (SD)) 10.26 (12.26) 12.48 (13.73) 

Abbreviations: AKI: Acute kidney injury; ICU: Intensive care unit; LOS: Length 
of stay; RTX: Rituximab. 

** :<20: Counts less than 20 can only be presented as <20 per N3C data and 
privacy requirements. 

*** COVID-19 severity definition used: 
Mild: Outpatient World Health Organization (WHO) Severity 1–3 
Mild-ED: Outpatient with Emergency department visit WHO Severity ~3 
Moderate: Hospitalized without invasive ventilation WHO Severity 4–6 
Severe: Hospitalized with invasive ventilation or ECMO WHO Severity 7–9 
Hospital Mortality or Discharge to Hospice WHO Severity 10. 

Table 3 
Association of baseline rituximab use and each COVID-19 outcome with 
csDMARD as the referent category from US N3C cohort.  

Primary Outcomes Multivariable adjusted OR (95%CI)# 

Hospitalization@ 2.14 (1.51–3.04) 
ICU admission 5.22 (1.77–15.41) 
30-day mortality 1.12 (0.47–2.63) 
Severe/fatal COVID-19 (WHO severity 

7–10)* 
1.66 (0.89–3.08) 

Secondary Outcomes  
Invasive ventilation 2.74 (1.36–5.51) 
AKI in hospital 1.50 (0.80–2.82) 
ICU mortality 2.43 (0.28–20.99) 
In-hospital mortality 0.80 (0.42–1.80)  

Multivariable adjusted Beta Estimate 
(95% CI) 

ICU LOS 2.35 (− 11.33- 16.02) 
Hospital LOS 3.22 (− 0.32 − 6.77) 

Abbreviations: AKI: Acute kidney injury; CI: Confidence interval; csDMARD: 
conventional synthetic disease modifying anti-rheumatic drugs; ICU: Intensive 
care unit; LOS: Length of stay; OR: Odds Ratio. 

* COVID-19 severity definition used: 
Mild: Outpatient World Health Organization (WHO) Severity 1–3 
Mild-ED: Outpatient with Emergency department visit WHO Severity ~3 
Moderate: Hospitalized without invasive ventilation WHO Severity 4–6 
Severe: Hospitalized with invasive ventilation or ECMO WHO Severity 7–9 
Hospital Mortality or Discharge to Hospice WHO Severity 10. 

# Findings with p-values <0.05 are bolded in the table. 
@ Hospitalization: adjusted for demographics, weight categories per BMI as 

normal vs. underweight, overweight, and obese, smoking status, US region, and 
modified Deyo-Charlson index. 
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19 pandemic. 
Our findings of increased COVID-19-related hospitalization risk 

associated with RTX use are similar to those reported in patients on RTX 
for either rheumatic diseases or multiple sclerosis [4,15-17]. In contrast, 
our data on the association between RTX use and ICU admission and 
invasive ventilation are novel. A recent paper from our colleagues using 
the N3C data showed that RTX was associated with a higher risk of 
in-hospital death in people with rheumatologic conditions (HR 1.72, 
95% CI 1.10–2.69) and as a cancer therapy (HR 2.57, 95% CI 
1.86–3.56); this study examined outcomes regardless of underlying 
disease, but outcome assessment was limited to invasive mechanical 
ventilation and in-hospital death [3]. In a smaller study of patients with 
multiple sclerosis, RTX use was associated with a higher risk of serious 
illness and death [16]. Previous studies reported higher risk of incident 
and severe COVID-19 disease or longer hospital stay amongst those 
receiving RTX vs. not, but had several limitations in interpretation, since 
they: [1] combined heterogeneous RMD populations [15]; [2] were 
limited to single- or few-sites [4,16]; and/or [3] used patient or 
physician-reported data as primary data sources. 

Our cohort included >95% PCR-confirmed cases of COVID-19, used 
robust definitions of COVID-19 outcomes, and adjusted for several key 
clinical outcomes (potential confounders) including in-hospital use of 
medications for COVID-19 such as antivirals and glucocorticoids – ad-
vances over previous studies. This reduces bias (ascertainment and 
confounding bias), potentially making these findings more accurate than 
the previous studies. To our knowledge, ours is among the first, multisite 

studies in the U.S. focused on RA, a single rheumatic disease population. 
We also present characteristics of a comparator group of patients with 
RA who tested negative for COVID-19, which provides an estimate of 
baseline risk in people with RA. The frequency of RTX use in our N3C 
cohort is similar to that reported in the US CORRONA registry [17], 
supporting the representativeness of our RA sample. Thus, our work has 
many strengths. 

We acknowledge that some data related to RTX use and COVID-19 
outcomes have reached contradictory or different conclusions than 
ours: [1] COVID-19-related hospitalization and more severe COVID-19 
(that included mechanical ventilation) risk was increased in one study 
[5], but not in another study from the same author group [4]; [2] death 
risk was not increased in the French national study [15], but increased in 
a global [5] and single-center studies [4]. These differences are likely 
due to differences in comparators (no RTX vs. TNFi-biologic), disease of 
interest (multiple rheumatic diseases, multiple sclerosis vs. 
immune-mediated diseases), reference non-disease population (general 
population vs. other vs. none), study setting (France vs. global vs. single 
site), and time of the study in reference to the COVID-19 pandemic. Our 
study includes the largest COVID-19 US dataset, including the most 
recent period with Delta variant predominance, providing the 
much-needed additional clarity to this rapidly evolving field. 

Our findings of a 3–5-fold higher odds of ICU admission and of 
invasive ventilation with RTX are noteworthy. This finding can be used 
by providers, patients, and policymakers, who can accurately assess the 
risk, prognosis, and allocate resources appropriately. The separation of 
these important outcomes is critical in understanding the RTX- 
associated risk. Each primary COVID-19 outcome we examined is 
associated with different prognosis, healthcare resources utilization, and 
patient outcome. Future studies are needed that can estimate this risk on 
an ongoing basis and keep providers, patients and policymakers 
informed. The French national study, like ours, did not find an associ-
ation with an increased risk of death in the RTX -exposed vs. not-exposed 
group [15]. In contrast, in a single-site study, patients with 
immune-mediated disease treated with CD20 inhibitors (n = 114) had a 
higher risk of death (11% vs. 4%); adjusted HR 2.16; 95% CI: 1.03 to 
4.54) than matched general population comparators. Previous studies 
did not adequately adjust for COVID-19 treatments, especially those 
used during COVID-19 hospitalization, as we did in our analyses. 

Safety of RTX use, whether in rheumatology or other specialties, has 
been a historical concern for risk of immunosuppression, including for 
viral infections other than COVID-19, such as reactivation of hepatitis B 
[18,19], polyomavirus JC, and cytomegalovirus [20]. Such immune 
suppression with RTX may have implications for vaccine effectiveness 
too; some data suggests RTX use is also associated with a lower response 
to influenza vaccines [21,22]. For COVID-19, there are case reports of 
persistent COVID infection or delayed serological response to COVID 
vaccination among patients on RTX therapy [23,24]. These data raise 
the concern that RTX may directly influence adaptive immune re-
sponses, which are important for the control and clearance of viral in-
fections [25]. Furthermore, RTX may have potentially long-lasting 
effects given that RTX eliminates B-cells for several months, and B-cells 
play a key role in the early stages of innate immune response to viral 
infections and building an immunologic memory [7]. 

Based on all data on RTX to date, including the current study, we 
suggest the following caution with its use in RA during the COVID-19 
pandemic. For people currently on RTX who have not failed other bi-
ologics, an alternate medication may be a better option that may spare 
them the negative consequences associated with RTX use. For those with 
multiple biologic-failures, providers likely need to take a shared 
decision-making approach with the patient regarding risks and benefits 
of RTX continuation or re-dosing, using all current data. Due to an 
immunocompromised state, all RA patients, but especially those 
exposed to RTX, should be advised to get COVID-19 vaccinations and 
boosters as quickly as possible. In addition, RA patients, and, again, 
especially those exposed to RTX, should continue all precautionary 

Fig. 2. Multivariable-adjusted association of baseline rituximab use and each 
COVID-19 outcome with csDMARD as the referent category from US N3C 
cohort. 
Legend: Figure shows A) odds ratios and 95% confidence interval for associa-
tion between rituximab use and COVID-19-outcomes; B) Beta estimates (95% 
CI) for association between rituximab and ICU and hospital length of stay. 
AKI, acute kidney injury; CI: Confidence interval; ICU, intensive care unit; LOS: 
Length of stay. 
Hospitalized*: adjusted for demographics, weight categories per BMI as normal 
vs. underweight, overweight, and obese, smoking status, US region, and 
modified Deyo-Charlson index. 
All other outcomes: adjusted for above variables and all COVID-19 treatments 
Circles (red) denote significant outcomes, orange squares denote non- 
significant outcomes. 
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measures recommended by CDC. Until more solutions emerge, these 
steps are needed to better protect patients with RA who continue RTX 
during the pandemic. 

Despite the strengths, we note several limitations in our work. First, 
we identified patients using ICD-10-CM codes and thus, our patient 
groupings are subject to misclassification, with more true RA patients 
being assigned to the non-RA grouping (which likely biases our findings 
towards the null). However, in sensitivity analyses using two ICD-10-CM 
codes to identify RA, our findings were similar to the primary analyses. 
Similarly, there is a chance that we have under ascertained medication 
exposure in this cohort, especially if the patient was admitted at a fa-
cility where they do not normally receive healthcare; this would likely 
bias our results towards the null as well, making our current estimates 
conservative. We did not have information on RA disease activity, which 
may be associated with worse COVID outcomes or RTX exposure or both 
[6]; however, the magnitude of risk associated with these COVID-19 
outcomes is likely small. We could not conduct adjusted analyses on 
the association between time since RTX and COVID outcomes due to the 
small number of outcomes when stratified by different durations since 
RTX infusion. Similarly, the sample size for patients exposed to ritux-
imab who died was small. So, our analyses were limited in statistical 
power regarding outcomes such as mortality. In this study, we were 
unable to account for the use of anti-SARS-CoV-1 monoclonal anti-
bodies, either as pre- or post-exposure prophylaxis as they were not yet 
approved. At the time of our study design, neither tocilizumab nor 
baricitinib treatments were yet approved for use for COVID-19, so our 
analyses did not adjust for their use. Our observational cohort study is at 
risk of residual or unmeasured confounding bias, despite our attempts at 
including known risk factors for COVID-19 outcomes that exist in an 
EMR repository. 

In conclusion, RTX use in patients with RA is associated with worse 
COVID-19 outcomes (hospitalization, ICU admission and mechanical 
ventilation) compared to those on csDMARDs. These data help directly 
inform clinical practice and the care of patients exposed to RTX. These 
data also highlight the need for continued vigilance of patients on RTX, 
the need for COVID-19 vaccination/boosters, and continuation of the 
other preventive measures, including masking, social distancing and 

avoiding unnecessary travel. Future studies should examine if lympho-
penia and decrease in CD19 cell count are the mediators of these sig-
nificant associations noted between rituximab use and these outcomes 
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Fig. 3. Sensitivity analyses (S1-S7) for odds of hospitalization, ICU admission or invasive ventilation with rituximab from US N3C cohort. 
legend Figure shows odds ratios and 95% confidence interval for association between rituximab use and A) COVID-19-related Hospitalization; B) ICU admission, C) 
Invasive ventilation. 
New S1, sensitivity analyses 1: Deyo-Charlson overall score (with RA excluded) as 0, 1, 2 vs. 3 or more. 
New S2, sensitivity analyses 2: Each Deyo-Charlson comorbidity (with RA excluded). 
New S3, sensitivity analyses 3: RA Case definition requires at least 2 ICD codes. 
New S4, sensitivity analyses 4: RA Case definition requires >= 1 ICD code + any RA medication. 
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Hospitalized*: adjusted for demographics, weight categories per BMI as normal vs. underweight, overweight, and obese, smoking status, US region, and modified 
Deyo-Charlson index. 
All other outcomes: adjusted for above variables and all COVID-19 treatments. 
Circles (red) denote significant outcomes, orange squares denote non-significant outcomes. 
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