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ORIGINAL RESEARCH

TNFi is associated with positive outcome,
but JAKi and rituximab are associated
with negative outcome of SARS-CoV-2
infection in patients with RMD

Anne Constanze Regierer
Bimba F Hoyer

Reinhard E Voll,'®'" Christof Specker

ABSTRACT

Introduction Several risk factors for severe COVID-19
specific for patients with inflammatory rheumatic and
musculoskeletal diseases (RMDs) have been identified so far.
Evidence regarding the influence of different RMD treatments
on outcomes of SARS-CoV-2 infection is still poor.

Methods Data from the German COVID-19-RMD registry
collected between 30 March 2020 and 9 April 2021 were
analysed. Ordinal outcome of COVID-19 severity was
defined: (1) not hospitalised, (2) hospitalised/not invasively
ventilated and (3) invasively ventilated/deceased. Independent
associations between demographic and disease features and
outcome of COVID-19 were estimated by multivariable ordinal
logistic regression using proportional odds model.

Results 2274 patients were included. 83 (3.6%) patients
died. Age, male sex, cardiovascular disease, hypertension,
chronic lung diseases and chronic kidney disease were
independently associated with worse outcome of SARS-
CoV-2 infection. Compared with rheumatoid arthritis,

patients with psoriatic arthritis showed a better outcome.
Disease activity and glucocorticoids were associated with
worse outcome. Compared with methotrexate (MTX), TNF
inhibitors (TNFi) showed a significant association with better
outcome of SARS-CoV-2 infection (OR 0.6, 95% Cl0.4 to 0.9).
Immunosuppressants (mycophenolate mofetil, azathioprine,
cyclophosphamide and ciclosporin) (OR 2.2, 95% Cl 1.3 to
3.9), Janus kinase inhibitor (JAKi) (OR 1.8,95% Cl 1.1 t0 2.7)
and rituximab (OR 5.4, 95% Cl 3.3 to 8.8) were independently
associated with worse outcome.

Conclusion General risk factors for severity of COVID-19
play a similar role in patients with RMDs as in the normal
population. Influence of disease activity on COVID-19
outcome is of great importance as patients with high disease
activity—even without glucocorticoids—have a worse
outcome. Patients on TNFi show a better outcome of SARS-
CoV-2 infection than patients on MTX. Immunosuppressants,
rituximab and JAKi are associated with more severe course.

INTRODUCTION
Since the beginning of the SARS-CoV-2
pandemic, increasing evidence about
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Key messages

What is already known about this subject?

» Also in rheumatic and musculoskeletal diseases
(RMDs) age, male sex and specific comorbidities
are general risk factors for severity of SARS-CoV-2
infection.

» RMD disease activity and glucocorticoids are specif-
ic risk factors.

What does this study add?

» RMD treatment is associated with SARS-CoV-2 in-
fection severity.

» While patients under TNFi treatment show better
outcome, those under immunosuppressants, Janus
kinase inhibitor (JAKi) and rituximab show worse
outcome.

How might this impact on clinical practice or

further developments?

» Patients with RMD under treatment with immuno-
suppressants, JAKi and rituximab need special guid-
ance during the pandemic.

COVID-19 in inflammatory rheumatic and
musculoskeletal diseases (RMDs) has been
gained. In the general population, age, male
sex and certain chronic diseases such as cardi-
ovascular disease (CVD) have been identified
as risk factors for severity of COVID-19." * In
patients with RMD, similar risk factors have
been described. In addition, for those
patients also RMD-specific risk factors play
a role.” Disease activity of the underlying
RMD, for example, is of utmost importance
for the outcome of COVID-19.*°

Since immunomodulatory treatment can
influence the outcome of infectious diseases
significantly, the impact of the RMD treatment
is also of great interest for patients with RMD
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suffering from SARS-CoV-2 infection. On the one hand,
certain immunomodulatory drugs have been proven
beneficial in the course of a SARS-CoV-2 infection7; on
the other hand, immunomodulatory drugs can be detri-
mental.® Moreover, timing and dosing of the treatment
appears to be crucial. For example, dexamethasone is a
standard treatment for severe COVID-19” at present, but
along-term glucocorticoid treatment due to RMD is asso-
ciated with a worse outcome of SARS-CoV-2 infection.*°
The same might be true for Janus kinase inhibitor (JAKi)
treatment.”

The impact of TNFi on SARS-CoV-2 infection is not
completely understood. Use of TNFi in comparison to
‘no disease-modifying anti-rheumatic drug (DMARD)’
was associated with a lower risk of hospitalisation in the
first analysis of the data from the Global Rheumatology
Alliance (GRA).> However, it was not significantly associ-
ated with lower risk of mortality in a more recent analysis
of the GRA in which MTX was used as reference cate-
gory.* Potential beneficial effects of TNFi have also been
described in patients with COVID-19 with inflammatory
bowel disease.'

Due to the lack of interventional studies in patients
with RMDs and SARS-CoV-2 infection, the effects of RMD
treatment have been evaluated in observational studies
only. In this analysis from the German COVID19-RMD
registry, we analysed the risk factors for the severity of
SARS-CoV-2 infection in patients with RMD, specifically
focusing on the impact of RMD treatment.

METHODS

Data source

The German COVID-19 registry for patients with RMDs
was founded in March 2020 by the German Society for
Rheumatology, together with the Justus-Liebig-University
Giessen. Rheumatologists voluntarily entered the data
into a web-based registry with implemented plausibility
checks (https://www.covidl9-rheuma.de; for more
details, see Hasseli et al'').

SARS-CoV-2 infection outcome parameters
The primary outcome of interest was the mutually exclu-
sive ordinal COVID-19 severity outcome:

(1) neither hospitalised, ventilated nor deceased; (2)
hospitalised with or without non-invasive ventilation, but
neither invasively ventilated nor deceased; and (3) inva-
sively ventilated or deceased. At the time of analysis, all
patients were required to have a resolved clinical course.

Statistical analyses

Patient characteristics are shown descriptively, stratified
by the three categories of the ordinal outcome. Inde-
pendent associations between demographic and disease
features and the ordinal COVID-19 outcome were
estimated by multivariable ordinal logistic regression
using the proportional odds model and were reported
as OR and 95% CI. In the proportional odds model,
an increase in severity is assumed to be equal across

categories: the increase from ‘neither hospitalised, venti-
lated nor deceased’ to ‘hospitalised with or without non-
invasive ventilation, but neither invasively ventilated nor
deceased’ is treated in the same way as the increase from
the latter category to ‘invasively ventilated or deceased’.
Potential deviations from this assumption were assessed
graphically and did not show relevant deviation (data
not shown). Covariates included in the model were
age, sex, key comorbidities (hypertension alone or CVD
alone, hypertension combined with CVD, chronic lung
disease, chronic kidney disease (CKD) and diabetes),
RMD or diagnostic group, rheumatic disease treatment
prior to COVID-19 diagnosis (without glucocorticoids),
as well as the combined status of disease activity as per the
physician’s global assessment (severe/high or moderate
disease activity vs minimal/low disease activity or remis-
sion), and the prednisolone-equivalent glucocorticoid
use (1-10mg/dayand >10mg/day). The combined status
of disease activity and glucocorticoid use represents both
their main effects and interaction (in an additive sense)
and is analysed to disentangle the effects of both factors.

All patients with confirmed SARS-CoV-2 infection were
included in the main analyses. Patients with missing
primary outcome (n=2) or missing values for age, sex and
DMARDs (n=2) were excluded from analysis. Smoking
status was missing in many cases. Therefore, we have
not included smoking in the analysis. Missing values for
glucocorticoid therapy and disease activity were derived
by multiple imputation using full conditional specifica-
tion.'? Results of the ordinal logistic regression analyses
for 10 imputed data sets were pooled by Rubin’s rules.

For patients listed as having more than one RMD or
being treated with more than one of the medications of
interest, we created a hierarchy based on clinical exper-
tise to categorise patients. We used the same hierarchy as
in Strangfeld et al* This process produces disjoint cate-
gories, allowing a clear reference group for interpreta-
tion of the regression models and avoiding collinearities.
Patients with more than one of the following diseases were
grouped according to the following hierarchy: systemic
lupus erythematosus >vasculitis>other CTD >rheuma-
toid arthritis (RA) >psoriatic arthritis (PsA)>(other)
spondyloarthritis (SpA) >other non-inflammatory joint
diseases (IJDs)/non-CTD rheumatic disease; where
‘X>Y’ means that disease X has priority over disease Y
and an individual who has both disease X and disease Y
is counted as patient with disease X. Similarly, patients
receiving multiple ¢sDMARDs or immunosuppressants
(except glucocorticoids) were grouped according to
the following hierarchy: immunosuppressants>sulfasala-
zine>antimalarials>leflunomide>methotrexate. Patients
receiving a bDMARD/tsDMARD alone or in combina-
tion were considered solely in the bDMARD /tsDMARD
group. Patients with an IJD other than RA, PsA or SpA
(n=6); patients treated with more than one bDMARD/
tsSDMARD (n=1); and patients receiving interleukin-1
inhibitors (n=27) or belimumab (n=11) were excluded
from analysis due to low numbers.
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Table 1 Patient characteristics

Invasive ventilation

Not hospitalised,

Hospitalised, no invasive

Parameter no death ventilation or death or death Total
N 1771 (77.9) 374 (16.4) 129 (5.7) 2274
General
Age (years) 55 (18) 67 (19) 1(19) 57 (19)
66-75 226 (12.8) 90 (24.1) 38 (29.5) 354 (15.6)
>75 137 (7.7) 112 (29.9) 47 (36.4) 296 (13)
Male sex 546 (30.8) 130 (34.8) 67 (51.9) 743 (32.7)
Ever smoker 115 (96.6) 21 (100) 9 (100) 145 (97.3)
n=119 n=21 n=9 n=149
Missing=1652 Missing=353 Missing=120 Missing=2125
IJDs
Rheumatoid arthritis 781 (44.1) 193 (51.6) 76 (58.9) 1050 (46.2)
Spondyloarthritis 251 (14.2) 28 (7.5) 6 (4.7) 285 (12.5)
Psoriatic arthritis 287 (16.2) 19 (5.1) 9 (7) 315 (13.9)
JIA (poly, oligo, not systemic) 6 (0.3) 0 0 6 (0.3)
All IJDs 1313 (74.1) 238 (63.6) 90 (69.8) 1641 (72.2)
CTDs/vasculitis
SLE 91 (5.1) 12 (3.2) 2 (1.6) 105 (4.6)
CTDs (other than SLE) 134 (7.6) 29 (7.8) 13 (10.1) 176 (7.7)
Vasculitides 145 (8.2) 81 (21.7) 29 (22.5) 255 (11.2)
All CTD/vasculitides 364 (20.6) 121 (32.4) 43 (33.3) 528 (23.2)
Other RMDs
Total 151 (8.5) 32 (8.6) 11 (8.5) 194 (8.5)
Disease activity n=1751 n=355 n=109 n=2215
Missing=20 Missing=19 Missing=20 Missing=59
Remission 939 (53.6) 165 (46.5) 37 (33.9) 1141 (51.5)
Minimal/low disease activity 603 (34.4) 112 (31.5) 44 (40.4) 759 (34.3)
Moderate disease activity 169 (9.7) 57 (16.1) 2(11) 238 (10.7)
Severe/high disease activity 40 (2.3) 21 (5.9) 6 (14.7) 77 (3.5)
Comorbidities
Hypertension 524 (29.6) 186 (49.7) 83 (64.3) 793 (34.9)
Cardiovascular disease 121 (6.8) 97 (25.9) 51 (39.5) 269 (11.8)
Chronic lung disease 168 (9.5) 72 (19.3) 43 (33.3) 283 (12.4)
Chronic kidney disease 64 (3.6) 71 (19) 35 (27.1) 170 (7.5)
Obesity (BMI >30) 355 (20) 87 (23.3) 31 (24) 473 (20.8)
Diabetes 137 (7.7) 67 (17.9) 31 (24) 235 (10.3)
Cancer 50 (2.8) 25 (6.7) 0(7.8) 85 (3.7)
Number of comorbidities 0(1) 1.5(2) 2 (3) 12
No comorbidity 896 (50.6) 74 (19.8) 15 (11.6) 985 (43.3)
>3 comorbidities 135 (7.6) 94 (25.1) 53 (41.1) 282 (12.4)
DMARD therapies
csDMARDs 639 (36.1) 125 (33.4) 37 (28.7) 801 (35.2)
Methotrexate (monotherapy) 381 (21.5) 84 (22.5) 22 (17.1) 487 (21.4)
Leflunomide 76 (4.3) 15 (4) 9(7) 100 (4.4)
Sulfasalazine 51 (2.9) 12 (3.2) 4 (3.1) 67 (2.9)
Antimalarial 131 (7.4) 14 (3.7) 2(1.6) 147 (6.5)
Continued
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Table 1 Continued

Not hospitalised, Hospitalised, no invasive Invasive ventilation

Parameter no death ventilation or death or death Total
Immunosuppressants 60 (3.4) 36 (9.6) 8 (6.2) 104 (4.6)
bDMARDs 653 (36.9) 102 (27.3) 41 (31.8) 796 (35)
TNF inhibitors 439 (24.8) 43 (11.5) 6 (4.7) 488 (21.5)
Abatacept 21(1.2) 8(2.1) 1(0.8) 30 (1.3)
B cell-targeted bDMARDs 46 (2.6) 29 (7.8) 27 (20.9) 102 (4.5)
Rituximab 37 (2.1) 28 (7.5) 26 (20.2) 91 (4)
Belimumab 9 (0.5) 1(0.3) 1(0.8) 11 (0.5)
IL-6 inhibitors 47 (2.7) 9 (2.4) 3(2.3) 59 (2.6)
IL-1 inhibitors 21 (1.2) 3(0.8) 3(2.3) 27 (1.2)
IL-17, IL-23, IL-12/23 inhibitors 79 (4.5) 10 (2.7) 1(0.8) 90 (4)
tsDMARDs 108 (6.1) 33 (8.8) 14 (10.9) 155 (6.8)
JAK inhibitors 101 (5.7) 32 (8.6) 14 (10.9) 147 (6.5)
Apremilast 7 (0.4) 1(0.3) 0 8 (0.4)
No DMARD therapies 311 (17.6) 79 (21.1) 29 (22.5) 419 (18.4)
Further therapies
Glucocorticoids (#) 485 (27.5) 198 (52.9) 78 (60.5) 761 (33.6)
n=1759 n=373 n=129 n=2261
Missing=12 Missing=1 Missing=0 Missing=13
0 mg/day<glucocorticoids 453 (25.8) 179 (48) 60 (46.5) 692 (30.6)
<10mg/day
Glucocorticoids>10mg/day 24 (1.4) 18 (4.8) 18 (14) 60 (2.7)
NSAIDs 395 (22.9) 59 (16.3) 12 (9.9) 466 (21.1)
(n=1736 (n=120 n=83 n=2208
Missing=47 Missing=2 Missing=0 Missing=66

Data are N (column %) for categorical variables or mean (SD) for continuous variables. Table includes all patients with a non-missing
outcome and non-missing values for age, sex and DMARDs (four patients excluded). Data refer to patients with non-missing values for the
respective variable; total N for patients with non-missing values is given in parentheses for variables with missing values; the total number
of missing values is also given in parentheses, for the applicable variables. # denotes patients with a missing glucocorticoid dosage.

For csDMARD therapies and immunosuppressants, only patients not simultaneously receiving a bDMARD/tsDMARD are included. For
csDMARDs, patients are included who correspond to the specific therapy when applying the hierarchy described in the Methods section.
bDMARD, biological disease-modifying antirheumatic drug; BMI, body mass index; csDMARD, conventional synthetic disease-modifying
antirheumatic drug; CTD, connective tissue disease; DMARD, disease-modifying anti-rheumatic drug; IJD, inflammatory joint disease; IL,
interleukin; JAK, Janus kinase; JIA, juvenile idiopathic arthritis; N, number; NSAID, non-steroidal anti-inflammatory drug; RMDs, rheumatic
and musculoskeletal diseases; SLE, systemic lupus erythematosus; TNF, tumour necrosis factor; tsDMARD, targeted synthetic disease-
modifying antirheumatic drug.

Regression coefficients were considered statistically Eighty-six per cent of patients had a PCR-confirmed
significant for p values <0.05. All analyses were conducted diagnosis of SARS-CoV-2 infection; 8% had only an
in SASV.9.4 or RV.4.0.4. antibody-confirmed diagnosis; the remaining patients

had an unknown/other type of diagnosis (two patients
were diagnosed based on symptoms only). For all patients,

RESULTS the outcome of SARS-CoV-2 infection was known.

Patient characteristics
Baseline characteristics of the patients are shown in

table 1. Of the 2274 patients included, 1771 (78%) did ) ) ) ) )
not require hospitalisation. Eighty-three patients died, At the time of SARS-CoV-2 infection, 18% did not receive

resulting in a case fatality rate of 3.6%. any DMARD treatment (see table 1). Immunosuppres-

The mean age of all patients was 57 years; 67% were ~ Sants (mycophenolate mofetil, azathioprine, cyclophos-
female. The most common RMD was RA with 46%, phamide and ciclosporin) were used in 5%, csDMARDs
followed by PsA (14%), SpA (13%) and vasculitides in 35%, bDMARD:s in 35% and tsDMARDs in 7%. Meth-
(11%). otrexate was the most common csDMARD, and TNFi was

RMD treatments
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Table 2 Results of the multivariable ordinal logistic
regression using the proportional odds model

Ordinal regression (proportional odds model) OR 95%CI
General
Age <65 years 1.0 Reference
65 years<age<75 26 20to3.6
Age >75 36 3.0to5.0
Male sex (vs female) 1.7 1.3to2.1
Comorbidities
Hypertension alone or CVD alone 15 1.2to20
Hypertension and CVD 24 1.7t03.6
Chronic lung disease 20 1.5t026
Chronic kidney disease 18 1.2to25
Diabetes mellitus 1.3 09to1.8
Rheumatic disease
Rheumatoid arthritis 1.0  Reference
Systemic lupus erythematosus 05 0.2to1.1
Vasculitides 11 0.7to1.5
Other connective tissue diseases 09 0.6to15
Psoriatic arthritis 05 0.3to0.7
Spondyloarthritides 08 05t01.3
Other rheumatic diseases (not IJDs/CTDs/vasculitis) 1.0 0.6 to 1.8
Medication*
Methotrexate (monotherapy) 1.0 Reference
No DMARD therapy 09 07to14
Leflunomide 0.8 05to1.4
Antimalarials 0.7 04to1.3
Sulfasalazine 1.1 0.6to2.1
Immunosuppressants 22 1.3t03.9
TNF inhibitors 06 04to0.9
Abatacept 1.3 05t03.0
Rituximab 54 3.3to8.8
IL-6 inhibitors 0.7 03to15
IL-17/1L-23/IL-12+28 inhibitors 09 04to1.9
JAK inhibitors 1.8 1.1to2.7
Disease activity and glucocorticoids
Remission/low DA, no GCs 1.0 (Reference)
Remission/low DA, GCs 1-10 mg/day 16 1.2t02.0
Remission/low DA, GCs>10mg/day 46 19to11.4
Moderate/high DA, no GCs 20 1.3to3.1
Moderate/high DA, GCs 1-10 mg/day 24 1.5t03.7
Moderate/high DA, GCs >10mg/day 53 2.5t010.9

Ordinal outcome of COVID-19 severity was defined as (1) not-hospitalised, (2)
hospitalised but not invasively ventilated and (3) invasively ventilated/deceased.
Missing values imputed via multiple imputation. Effects significant at level 0=0.05 are
marked in bold. N=2222. Compared with table 1, the following numbers of patients
were excluded: 27 patients receiving IL-1 inhibitors, 11 patients receiving belimumab,
8 patients receiving apremilast, 6 patients with non-systemic JIA, 1 patient receiving
multiple bDMARDs/tsDMARDs.

*Patients receiving multiple csDMARDs or immunosuppressants (except
glucocorticoids) were grouped according to the following hierarchy:
immunosuppressants>sulfasalazine>antimalarials>leflunomide>methotrexate.
Patients receiving a bDMARD/tsDMARD alone or in combination were considered
solely in the bDMARD/tsDMARD group.

bDMARD, biological disease-modifying antirheumatic drug; csDMARD, conventional
synthetic disease-modifying antirheumatic drug; CTD, connective tissue disease;
CVD, cardiovascular disease; DA, disease activity; DMARD, disease-modifying
antirheumatic drug; GC, glucocorticoid; IJD, inflammatory joint disease; IL, interleukin;
JAK, Janus kinase; JIA, juvenile idiopathic arthritis; TNF, tumour necrosis factor;
tsDMARD, targeted synthetic disease-modifying antirheumatic drug.

the most common bDMARD. Rituximab was used in 91
patients (4%), and JAKi was used in 147 patients (6.5%).

SARS-CoV-2 infection outcome analysis
Age above 65 years was associated with higher COVID-19
severity with an OR of 2.6 (95% CI 2.0 to 3.6) and above
75 years with an OR of 3.6 (95% CI 3.0 to 5.0) (table 2
and figure 1A). Male sex was also associated with greater
severity (OR 1.7, 95% CI 1.3 to 2.1).

Arterial hypertension, CVD, chronic lung disease
(including chronic obstructive pulmonary disease,
asthma and interstitial lung diseases), and CKD showed
significant associations with COVID-19 severity (table 2
and figure 1B). The strongest association was found for
patients having both comorbidities, arterial hypertension
and CVD (OR 2.4, 95% CI 1.7 to 3.6).

With respect to the underlying RMD entity, PsA was
associated with less severe COVID-19 course in compar-
ison to RA (OR 0.5, 95% CI 0.27 to 0.74) (table 2 and
figure 1C).

Since disease activity and the use of glucocorticoids
are usually linked, both factors were analysed jointly.
The results are shown in table 2 and figure 1D. Remis-
sion/low disease activity with low dose GCs (1-10mg/d)
showed a significant association with worse outcome (OR
1.6, 95%CI: 1.2 to 2.0) compared with remission/low
disease activity without GCs. This effect increased with
higher GC doses (OR 4.6,95% CI 1.9 to 11.4). Moderate/
high disease activity but no GCs were also associated with
a worse outcome compared with remission/low disease
activity with no GCs (OR 1.99, 95%CI 1.28 to 3.11).
Moderate/high disease activity with low-dose GC were
associated with a worse COVID-19 outcome with an OR
of 2.4 (95% CI 1.5 to 3.7), and in case of moderate/high
disease activity with high-dose GC, this was even more
prominent with an OR of 5.3 (95% CI 2.53 to 10.9).

For the analysis of the impact of RMD treatment on the
outcome of SARS-CoV-2 infection, MTX monotherapy was
used as reference (table 2 and figure 1E). Treatment with
immunosuppressants (mycophenolate mofetil, azathi-
oprine, cyclophosphamide and ciclosporin) was associ-
ated with a higher COVID-19 severity (OR 2.2, 95% CI
1.3 to 3.9). JAKis were also associated with a significantly
worse severity (OR 1.8, 95% CI 1.1 to 2.7). The strongest
association with worse outcome of COVID-19 was found
for rituximab with an OR of 5.4 (95% CI 3.3 to 8.8). In
contrast, TNFi showed a significant association with a
better outcome of SARS-CoV-2 infection with an OR of
0.6 (95% CI 0.4 to 0.9).

DISCUSSION

This analysis adds evidence that medication for RMD
has a considerable impact on the course of SARS-CoV-2
infection. Two main results could be retrieved from this
analysis: (1) TNFi is not associated with a more severe
course of SARS-CoV-2 infection in patients with RMD and,
(2) in contrast, immunosuppressants, JAKis and rituximab

Regierer AC, et al. RMD Open 2021;7:¢001896. doi:10.1136/rmdopen-2021-001896
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Figure 1

D
Remission/low DA, GCs 1-10 mg/d L]
Remission/low DA, GCs > 10 mg/d =
Moderate/high DA, no GCs =
Moderate/high DA, GCs 1-10 mg/d L]
Moderate/high DA, GCs > 10 mg/d -
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E
No DMARD L]
Leflunomide L]
Antimalarials L]
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JAK inhibitors =
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Odds ratio

(A-E) Results of the multivariable ordinal logistic regression using the proportional odds model and reported as OR

and 95% Cl for each regressor variable. Associations with SARS-CoV-2 infection severity are shown with (A) general factors,
(B) comorbidities, (C) RMD diagnosis, (D) RMD disease activity and glucocorticoids, (E) RMD treatment (immunosuppressants:
mycophenolate mofetil, azathioprine, cyclophosphamide and ciclosporin). The reference categories are as follows: (A) <65
years, <65 years, female sex; (B) the non-presence of the specific comorbidity; (C) rheumatoid arthritis; (D) remission/low
disease activity, no glucocorticoids; and (E) methotrexate monotherapy. Missing values were imputed via multiple imputation.
N=2222. Compared with table 1, the following numbers of patients were excluded: 27 patients receiving IL-1 inhibitors,

11 patients receiving belimumab, 8 patients receiving apremilast, 6 patients with non-systemic JIA, one patient receiving
multiple bMARDs/tsDMARDs. bDMARD, biological disease-modifying antirheumatic drug; CVD, cardiovascular disease; CTD,
connective tissue diseases; DMARD, disease-modifying anti-rheumatic drugs; DA, disease activity; GC, Glucocorticoids; IL,
interleukin; JAK, Janus kinase; TNF, tumour necrosis factor; tsDMARD, targeted synthetic disease-modifying anti-rheumatic

drugs.

are associated with a more severe course. Moreover, it could
be confirmed that general risk factors like age, male sex and
certain chronic conditions are also associated with greater
severity of SARS-CoV-2 infection in patients with underlying
RMD."?

RMD-specific risk factors have been described. The
impact of disease activity and GC use are of utmost
importance. Disease activity and the use of GC are usually
linked. Analysing these effects separately from each other
is very difficult because of the known confounding by
indication in the setting of observational data. In a corre-
spondence to the COVID-19 mortality analysis of the GRA
data set,4 this interaction was shown.'? Here, we present
similar results. However, in this analysis, GC use was asso-
ciated with worse outcome even in patients in remission
or low disease activity.

In this analysis, PsA was associated with a better
COVID-19 course compared with RA. In the COVID-19
mortality analysis, PsA was not significantly associated but
also showed an OR of less than 1.0 (0.75, 95% CI 0.53
to 1.07). Whether the positive association seen in our
analysis is due to true differences between the diseases

or unmeasured confounders is not clear. However, the
risk of severe infection in bDMARD-treated patients with
psoriasis compared with patients with RA is much lower,
which might be a signal of different susceptibility for
severe infections."*

A very important finding of our analysis is the potential
beneficial effect of TNFi. This association was not seen
in an earlier mortality analysis, although TNFi showed
also an OR of less than 1.0 (0.9; 95% CI: 0.5 to 1.4).* This
discrepancy might be due to the large heterogeneity in
the GRA data set with large differences between the coun-
tries regarding the outcomes. In the analysis by Sparks et
al. TNFi were used as reference medication and there-
fore, due to methodological reasons, the impact of TNFi
could not be estimated in this study.” There are also clin-
ical trials using TNFi in different settings of COVID-19."

In the GRA analysis concerning the risk of mortality,
sulfasalazine was significantly associated with mortality.*
In our analysis, sulfasalazine was not associated with
COVID-19 severity, which may be due to more homog-
enous data with regard to healthcare system-related
factors.
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Regarding the influence of rituximab, there is growing
evidence for an association with a worse outcome. This
has been shown in various settings in RMDs.* ® %% Tn
our analysis, we confirmed these results. The influence
of B-cell depletion/anti-CD20 antibodies like rituximab
on COVID-19 outcome has also been studied in other
diseases in which these treatments are used.'” * For
example, observational studies from multiple sclerosis
showed a similar association of rituximab with severe
COVID-19 outcome as in RMD.*'

Data addressing an influence of JAKis on COVID-19
outcome are still limited. Thus, our analysis adds
important knowledge showing an association of JAKi as
RMD treatment with a more severe course of COVID-19.
A negative association with COVID-19 outcome was also
seen in the RA analysis of the GRA data set.” In an anal-
ysis from Sweden, an increased risk of COVID-19-related
hospitalisation as well as COVID-19-related death has
been described for patients under therapy with JAKis.'®
In contrast, owing to their anti-inflammatory potential,
JAKis have been approved for the short-term treatment
of severe COVID-19.”** Here, the timing and duration of
the treatment seems to play a role, with negative impact
in patients with RMD pretreated with JAKis and potential
benefits when initiated to treat severe SARS-CoV-2 infec-
tion. A pathophysiological explanation could be that
type I interferon response is crucial in the initial phase of
infection for a good outcome of SARS-CoV? infection.*
Therefore, inhibition of the type I interferon pathway by
JAKi in the early phase of infection might contribute to
more severe COVID-19.

The strengths of this analysis in comparison to the GRA
data lie in the fact that our data are more homogenous as
they were collected in a single country within one health-
care system and similar treatments and chances of care
for all included patients.

However, there also are study limitations. Missing data
on known confounders like RMD disease duration and
number of RMD pretreatments limit the interpretation.
Especially for rituximab and JAKi, it is known that they are
often used in non-responder to MTX/ TNFi.?* ?® There-
fore, the negative impact of those therapies on COVID-19
severity needs to be interpreted carefully. Similarly, we do
not have detailed data on RTX dosage and—even more
important—time of last infusion to be able to calculate
the number of days between RTX treatment and date of
SARS-CoV-2 infection. Furthermore, we do not know if
the RMD treatment was paused due to acute SARS-CoV-2
infection. Although most patients continue their RMD
treatment in the pandemic as stated in the treatment
recommendations, in the case of an acute symptomatic
infection especially in hospitalised patients, it is recom-
mended to pause the immunomodulating treatment.***®
Differential effects of the RMD treatment might therefore
also be explained by different half-lives of these drugs.

In conclusion, risk factors for higher severity of SARS-
CoV-2 infection known for the general population, such
as age, male sex and certain chronic conditions, play a

similar role in patients with RMDs. In addition, further
risk factors need to be taken into account, for example,
the influence of higher disease activity with an increased
risk of worse outcome even without using GCs on the one
hand and association of chronically administered GCs
with a similar worse outcome on the other. Regarding
RMD medication, our data show that treatment with
TNFi was associated with better outcome of SARS-CoV-2
infection than MTX. Moreover, treatment with immu-
nosuppressants, JAKi and rituximab was associated with
worse outcome of SARS-CoV-2 infection. These associ-
ations may be attributed to residual and unmeasured
confounding due to higher burden of comorbidity or
cumulative effect of therapies. Taken together, while it
is crucial to control RMD disease activity, the medication
used to achieve this control needs to be carefully chosen.
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