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Risk factors for severe COVID- 19
among patients with systemic lupus
erythematosus: a real-world analysis of
a large representative US administrative
claims database, 2020-2021

Cassandra Calabrese
Liisa Palmer,® Sze-Jung Wu?

ABSTRACT

Objectives To identify risk factors for progression

to severe COVID-19 and estimate the odds of severe
COVID-19 associated with vaccination among patients
with systemic lupus erythematosus (SLE).

Methods This retrospective cohort study identified adults
with SLE in the Merative™ MarketScan® Databases.
Patients were continuously enrolled the year before 1 April
2020 (baseline) and had a COVID-19 diagnosis between

1 April 2020 and the earliest of death, enrolment end or
31 December 2021. Severe COVID-19 was defined as
hospitalisation with a COVID-19 diagnosis. Demographics
on 1 April 2020, baseline comorbidities, corticosteroid

use <30days before COVID-19 diagnosis and other SLE
medication use <6 months before COVID-19 diagnosis
were assessed. Vaccination was identified by claims for

a COVID-19 vaccine or vaccine administration. Backward
stepwise logistic regression estimated odds of progression
to severe COVID-19 associated with patient characteristics
and vaccination.

Results Among 2890 patients with SLE with
COVID-19, 500 (16.4%) had a COVID-19-related
hospitalisation. Significant risk factors for progression
to severe COVID-19 included rituximab (OR (95% CI)
2.92 (1.67 t0 5.12)), renal failure (2.15 (95% Cl

1.56 t0 2.97)), Medicaid (vs Commercial; 2.01 (95%
Cl 1.58 to 2.57)), complicated hypertension (1.96
(95% CI 1.38 to 2.77)) and time of infection, among
others. Vaccination had a significant protective effect
(0.68(95% Cl 0.54 to 0.87)) among all patients with
SLE with COVID-19, but the effect was not significant
among those with prior use of belimumab, rituximab
or corticosteroids.

Conclusions Certain chronic comorbidities and

SLE medications increase the odds of progression

to severe COVID-19 among patients with SLE, but
vaccination confers significant protection. Vaccine
effectiveness may be attenuated by SLE treatments.
Protective measures such as pre-exposure prophylaxis
and booster vaccines should be encouraged among
patients with SLE.

! Gelareh Atefi,? Kristin A Evans

,* Meghan Moynihan,®

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Patients with immune-mediated inflammatory dis-
eases (IMIDs), including systemic lupus erythema-
tosus (SLE), are at greater risk of severe outcomes
from COVID-19.

= Response to COVID-19 vaccines may be reduced in
patients with IMIDs, due in part to the use of immu-
nosuppressive medications.

WHAT THIS STUDY ADDS

= Chronic conditions such as hypertension and renal
failure, as well as use of rituximab and corticoste-
roids, are associated with greater risk of severe
COVID-19 among patients with SLE.

= Vaccination is generally protective against severe
COVID-19 among patients with SLE, though the use
of common SLE treatments may attenuate vaccine
effectiveness.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Mitigation of risk for COVID-19 infection and severe
COVID-19 outcomes should be encouraged among
patients with SLE, including pharmacological and
non-pharmacological methods.

INTRODUCTION

By the end of 2022, there had been approx-
imately 100.6million cases of COVID-19
and more than Imillion COVID-19-related
deaths in the USA." About 5% of COVID-19
cases nationwide have been severe enough
to require hospitalisation, though that rate
has varied over time with the emergence of
different variants and the introduction of
vaccines.' > Throughout the pandemic, many
reports have indicated a greater risk of severe
COVID-19 outcomes among patients with
immune-mediated inflammatory diseases
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(IMIDs) such as systemic lupus erythematosus (SLE),
as well as an increase in severe COVID-19 risk associ-
ated with IMID treatments.”” Age and multiple comor-
bidities have also been associated with worse COVID-19
outcomes in the general US population and among
patients with IMIDs, including renal disease, hyperten-
sion and diabetes.”

The rapid development and deployment of COVID-19
vaccines represented a great step forward in protecting
the US population from severe COVID-19. However,
reduced vaccine response and breakthrough infections,
often associated with use of immunosuppressive thera-
pies, have been observed among individuals with IMIDs,
including patients with SLE.'""'" A better understanding
of the characteristics associated with severe COVID-19
and the real-world effect of vaccination among patients
with SLE is necessary to counsel patients with SLE about
their risk, and help triage patients with SLE for COVID-19
preventative measures and treatment. The purpose of
this study was to identify risk factors for progression to
hospitalisation (ie, severe COVID-19) among patients
with SLE diagnosed with COVID-19, and estimate the
effect of vaccination on the risk of severe COVID-19.

METHODS

Study design and data sources

This retrospective observational cohort study used health
insurance claims data from the Merative™ Market-
Scan® Commercial, Medicare and Multi-State Medicaid
Research Databases between 1 January 2013 and 31
December 2021. The Commercial and Medicare Data-
bases contain the longitudinal healthcare experience
(medical and pharmacy) of approximately 30million
patients annually with employer-sponsored commercial
or Medicare insurance from across all US Census regions.
The Medicaid Database contains medical and pharmacy
data for approximately 12million Medicaid-eligible
patients annually in geographically disperse US states.
All patient records were deidentified and certified to be
fully compliant with US patient confidentiality require-
ments set forth in the Health Insurance Portability and
Accountability Act of 1996.

Patient and public involvement
Neither patients nor the public were involved in the
design or conduct of this study.

Patient selection

Patients with SLE were identified by at least one inpatient
or at least two non-diagnostic (ie, not for a diagnostic
test or procedure) outpatient claims (30-365 days apart)
between 1 January 2013 and 31 March 2020 with an
SLE diagnosis (International Classification of Diseases,
ninth Revision (ICD-9) code 710.0; ICD-10 codes M320,
M3210-M3219, M328, M329); the earliest qualifying
claim was considered the reference event. To improve
the identification of patients with confirmed SLE, at least
one additional inpatient or non-diagnostic outpatient

SLE diagnosis claim was then required at least 365 days
after the reference event. Commercial and Medicare
patients meeting these criteria via outpatient claims only
were also required to have an outpatient SLE diagnosis
from a rheumatologist or nephrologist, or an inpatient
SLE diagnosis, between the reference event and 1 April
2020. All qualifying patients were enrolled in the data-
base and at least 18 years old on 1 April 2020, which was
the index date for all patients. Qualifying patients with
SLE were also required to be continuously enrolled in
the database for 12 months (baseline period) prior to the
index date.

Patients meeting the above criteria were then
assessed for a COVID-19 diagnosis during a variable-
length follow-up period, beginning with the index date
and ending with the earliest of death, end of database
enrolment, or end of the study period (31 December
2021 for Commercial/Medicare; 30 June 2021 for
Medicaid). COVID-19 was identified by an inpatient or
non-diagnostic outpatient claim with ICD-10 diagnosis
code U071 or J1282. Qualifying patients with SLE with
a COVID-19 diagnosis comprise the population for this
analysis.

Variable assessment
The outcome of interest for this analysis was evidence
of progression to severe COVID-19 among patients with
SLE diagnosed with COVID-19. Among all patients with
SLE with a COVID-19 diagnosis, patients with severe
COVID-19 were identified as those with an inpatient
medical claim with a COVID-19 diagnosis code in any
position on the claim (primary or secondary) during the
follow-up period. All patients without severe COVID-19
had an outpatient claim with a COVID-19 diagnosis but
no inpatient COVID-19 claims. Potential risk factors for
severe COVID-19 included demographic characteristics,
comorbid diagnoses, SLE medication usage, evidence of
COVID-19 vaccination and the time period of COVID-19
diagnosis (second quarter (Q2) 2020 through Q4 2021).
Demographic risk factors were assessed on the index
date and included age, sex, payer (Commercial, Medi-
care, Medicaid) and urban residence. US Census region
was also assessed for Commercial and Medicare patients,
and race/ethnicity was assessed among Medicaid
patients. The 30 comorbidities included in the Elix-
hauser Comorbidity Index (ECI)'® were identified by an
inpatient claim or a non-diagnostic outpatient claim with
a diagnosis code for the condition during the 12-month
baseline period (see online supplemental table 1 for the
full list of ECI diagnoses). SLE medication usage was
identified by National Drug Codes (NDC) on outpatient
pharmacy claims or Healthcare Common Procedure
Coding System codes on medical claims for physician-
administered medications. The SLE medications assessed
during the 6 months prior to patients’ earliest COVID-19
diagnosis included azathioprine, belimumab, cyclospo-
rine, hydroxychloroquine, leflunomide, methotrexate,
mycophenolate, rituximab, tacrolimus and voclosporin.
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Use of corticosteroids was assessed during the 30 days
prior to COVID-19 diagnosis, including betamethasone,
cortisone, dexamethasone, fludrocortisone, hydrocor-
tisone, methylprednisolone, prednisolone, prednisone
and triamcinolone. Evidence of COVID-19 vaccination
was defined as a medical claim with a Current Procedural
Terminology code for COVID-19 vaccine administration,
or an NDC for a COVID-19 vaccine on an outpatient phar-
macy claim during patients’ variable-length follow-up.

Statistical analyses

Descriptive statistics are reported for all study variables.
Means and SDs are reported for age and compared
between patients with SLE with and without severe
COVID-19 using a t-test. Counts and proportions are
reported for all other variables and compared between
groups using x* or Fisher’s exact tests. Backward step-
wise logistic regression was used to estimate adjusted
OR and their 95% CIs for severe COVID-19 associated

Table 1 Demographic characteristics and vaccination status of all study patients, and those with and without severe

COVID-19

All patients with SLE

with COVID-19 Severe COVID-19 No severe COVID-19
N=2890 N=500 N=2390 P value
Age,* mean (SD) 45.9 (12.1) 48.6 (13.2) 45.3 (11.8) <0.001
Age, N (%)
18-34 542 (18.8%) 90 (18.0%) 452 (18.9%) <0.001
35-44 724 (25.1%) 88 (17.6%) 636 (26.6%)
45-54 876 (30.3%) 142 (28.4%) 734 (30.7%)
55-64 645 (22.3%) 143 (28.6%) 502 (21.0%)
65-74 63 (2.2%) 23 (4.6%) 40 (1.7%)
75+ 40 (1.4%) 14 (2.8%) 26 (1.1%)
Sex, N (%)
Male 208 (7.2%) 60 (12.0%) 148 (6.2%) <0.001
Female 2682 (92.8%) 440 (88.0%) 2242 (93.8%)
Payer, N, (%)
Commercial 1974 (68.3%) 243 (48.6%) 1731 (72.4%) <0.001
Medicare 93 (3.2%) 31 (6.2%) 62 (2.6%)
Medicaid 823 (28.5%) 226 (45.2%) 597 (25.0%)
Urban residence, N (%) 2459 (85.1%) 422 (84.4%) 2037 (85.2%) 0.636
US region,t N (%)
Northeast 381 (18.4%) 47 (17.2%) 334 (18.6%) 0.179
Midwest 353 (17.1%) 61 (22.3%) 292 (16.3%)
South 1137 (55.0%) 140 (51.1%) 997 (55.6%)
West/unknown 196 (9.4%) 26 (9.5%) 170 (9.5%)
Race/ethnicity,£ N (%)
White 272 (33.0%) 51 (22.6%) 221 (37.0%) 0.001
Black 360 (43.7%) 121 (53.5%) 239 (40.0%)
Hispanic 68 (8.3%) 21 (9.3%) 47 (7.9%)
Other/unknown 123 (14.9%) 33 (14.6%) 90 (15.1%)
Evidence of vaccination,§ N (%)
Yes 1016 (35.2%) 128 (25.6%) 888 (37.2%) <0.001
No 1874 (64.8%) 372 (74.4%) 1502 (62.8%)

*All demographic characteristics assessed on 1 April 2020.

TRegion available for patients in the Commercial/Medicare database.

FRace/ethnicity available for patients in the Medicaid database.
§Evidence of vaccination assessed during patients’ full variable-length follow-up period (1 April 2020 to earliest of death, end of database
enrolment, 31 December 2021 (Commercial/Medicare), or 30 June 2021 (Medicaid)).

SLE, systemic lupus erythematosus.
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with patient demographic and clinical characteristics.
Candidate variables for the model included all SLE medi-
cations listed above, all ECI diagnoses, age, sex, payer,
urban residence, time period of COVID-19 diagnosis and
evidence of COVID-19 vaccination. Interactions between
vaccination and belimumab, rituximab, steroids, and
certain baseline comorbidities known to be associated
with risk of severe COVID-19 (diabetes, hypertension,
obesity, renal failure)'*** were also included as candi-
dates in the stepwise regression. A full model was first
constructed containing all candidate variables and inter-
actions, then the least significant variable was removed,
and the model was fit again. This process was repeated
until all remaining variables in the model were signifi-
cant (p<0.05). On review of the resulting model, a post
hoc backward stepwise model was constructed, with the
interactions between evidence of vaccination and use of
corticosteroids, rituximab and belimumab forced into
the model. This was done to fully explore the effect of

vaccination specifically among patients with SLE with
these particular treatments, as such prior work remains
scarce.

RESULTS

Patient characteristics

A total of 26965 patients with confirmed SLE and at
least 12 months of baseline data were identified in the
MarketScan Databases; 2890 (10.7%) of those patients
had a claim with a COVID-19 diagnosis and comprised
the study cohort. Of the 2890 study patients, 500 (16.4%)
had a COVID-19-related inpatient admission (ie, severe
COVID-19) during follow-up. In unadjusted compari-
sons, patients whose COVID-19 required hospitalisation
were about 3 years older, on average, more likely to be
male, more likely to have Medicare or Medicaid insur-
ance, and less likely to have evidence of vaccination,
compared with those without severe COVID-19 (table 1).

Deficiency anemia

Obesity

Uncomplicated hypertension
Complicated hypertension

Renal failure 8.7%

Complicated diabetes 7.9%

Chronic pulmonary disease

Congestive heart failure 4.0%

Valvular disease 8.8%

Coagulopathy 72%

Peripheral vascular disorders

5.2%
Uncomplicated diabetes 700 9.2%
Non-metastatic solid tumor N 2.8%
3.0%
Lymphoma -1.02%2%*
Metastati B 06%
etastatic cancer ¥ 02

0% 5% 10%

H With severe COVID

I  30.8%*
10.3%

I 00.6%*

I 10.0%*

I, 17.2%*

I 15.0%*

I 12.0%*

., /1.2 9%
21.6%
. 40.0%*
31.6%
I  30.6%
35.2%
21.6%*
14.3%
17.2%*
15% 20% 25% 30% 35% 40% 45%
Without severe COVID

Figure 1

Presence of select Elixhauser Comorbidity Index diagnoses during the 12-month baseline period among patients

with SLE with and without severe COVID-19. *Significantly different from patients without severe COVID-19 (p<0.05). See online
supplemental table 1 for frequency of all Elixhauser Comorbidity Index diagnoses among patients with SLE with and without

severe COVID-19. SLE, systemic lupus erythematosus.
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Among Medicaid patients for whom race information was
available, patients with SLE with severe COVID-19 were
more likely to be black than patients with SLE without
severe COVID-19. Several comorbidities observed in the
baseline period (12-month period before 1 April 2020)
were significantly more common among patients with
SLE with severe COVID-19, including congestive heart
failure (17% vs 4%), renal failure (30% vs 9%), compli-
cated hypertension (31% vs 10%), complicated diabetes
(22% vs 8%), fluid and electrolyte disorders (33% vs
13%), peripheral vascular disorders (12% vs 5%) and
coagulopathy (15% vs 7%) (figure 1; see online supple-
mental table 1 for results for all ECI diagnoses). Unad-
justed comparisons also showed that COVID-19 positive
hospitalised patients with SLE were less likely to have
used hydroxychloroquine in the 6 months before their
initial COVID-19 diagnosis (50% vs 55%), but more
likely to have used mycophenolate (18% vs 11%), ritux-
imab (5% vs 2%) and tacrolimus (5% vs 2%) (figure 2).
Patients with severe COVID-19 were also more likely to
have used corticosteroids in the 30 days before their
initial COVID-19 diagnosis (31% vs 23%).

Risk factors for severe COVID-19

Results of backward stepwise logistic regression showed
the time period of COVID-19 diagnosis to have the
greatest impact on the odds of severe COVID-19 among
patients with SLE with a COVID-19 diagnosis. The likeli-
hood of severe COVID-19 generally decreased over time,
as indicated by the significantly lower odds of severe

COVID-19 in Q3-Q4 2020, Q1 2021 and Q3-Q4 2021,

compared with Q2 2020 (figure 3). Notably, patients
with SLE diagnosed with COVID-19 in Q4 2021 had 76%
lower odds of severe COVID-19, compared with those
diagnosed in Q2 2020 (OR (95% CI) 0.24 (0.12 to 0.45)).

Evidence of COVID-19 vaccination was associated
with significantly lower odds of severe COVID-19 among
patients with SLE. Those with evidence of COVID-19
vaccination had 32% lower odds of severe COVID-19,
compared with those without evidence of vaccination
(OR (95% CI) 0.68 (0.54 to 0.87)) (figure 3).

Rituximab use was the SLE treatment with the greatest
impact on the odds of severe COVID-19 among patients
with SLE (figure 3). Patients who used rituximab in the
6 months prior to COVID-19 diagnosis had nearly three
times the odds of severe COVID-19 as those who did
not use rituximab (OR (95% CI) 2.92 (1.67 to 5.12)).
Additionally, corticosteroid users had 1.4 times the odds
as those who did not use corticosteroids in the 30 days
before COVID-19 diagnosis (OR (95% CI) 1.41 (1.12 to
1.78)).

As to comorbidity risk factors, renal failure was the
strongest, more than doubling the odds of progression
to severe COVID-19 (OR (95% CI) 2.15 (1.56 to 2.97)).
Patients with diabetes or hypertension, with or without
complications, had approximately 1.3-2.0 times the odds
of severe COVID-19, compared with patients without
those diagnoses, and those with anaemia had 1.5 times
the odds (OR (95% CI) 1.50 (1.19 to 1.91)). Patients with
SLE with Medicaid insurance had twice the odds of severe
COVID-19, compared with commercially insured patients

W With severe COVID

60%
55.1%

50.0%"*

Hydroxy-
chloroquine

Corticosteroid Mycophenolate Belimumab

50%
40%
30.8%"
30%
231%
20% 17.6%"
11.3%

10% 76% 7.4% 7.4%

I 5.8%
B

Methotrexate

Without severe COVID

6.9%
56% " 5.2%' a.8%"

Azathioprine Rituximab Tacrolimus Cyclosporine  Leflunomide

Figure 2 Presence of SLE treatments during the 6 months before the earliest COVID-19 diagnosis among patients with SLE
with and without severe COVID-19. *Significantly different from patients without severe COVID-19 (p<0.05); voclosporin use
was observed among two patients without severe COVID-19 (0.08%) and one patient with severe COVID-19 (0.2%). SLE,

systemic lupus erythematosus.
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Renal failure

Age (per 1-year increase)

Odds Ratio (95% Cl)!

2.15 (1.56 - 2.97)

1.02 (1.01-1.03)

COVID in Q3 2020 (vs. Q2 2020) 0.58 (0.41-0.84) —e—
COVID in Q4 2020 (vs. Q2 2020) 0.48 (0.36 - 0.65) ——
COVID in Q12021 (vs. Q2 2020) 0.54(0.39 - 0.74) ——
COVID in Q3 2021 (vs. Q2 2020) 0.42 (0.28 - 0.65) ——
COVID in Q4 2021 (vs. Q2 2020) 0.24 (0.12-0.45) —e——
Vaccination 0.68(0.54 -0.87) —e—
Rituximab 2,92 (1.67-5.12)

Medicaid (vs. Commercial) 2.01(1.58-2.57) —_——————
Hypertension, complicated 1.96 (1.38-2.77) *

Diabetes, complicated 1.83 (1.35-2.47) —
Diabetes, uncomplicated 1.80 (1.21-2.69) o

Male (vs. female) 1.77 (1.24 - 2.54) .

Deficiency anemia 1.50 (1.19-1.91) —
Corticosteroid 1.41(1.12-1.78) ]

Hypertension, uncomplicated 1.32(1.02-1.71) ————

1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50
Odds ratio (95% confidence interval)

Figure 3 Risk factors for severe COVID-19 among patients with SLE with a COVID-19 diagnosis. 'Results of backward
stepwise logistic regression; other candidate variables included other Elixhauser Comorbidity Index diagnoses (see online
supplemental table 1), Medicare insurance (vs commercial), urban residence, COVID-19 diagnosis in Q2 2021 (vs Q2

2020), use of other SLE medications in the 6 months before C

OVID-19 diagnosis (azathioprine, belimumab, cyclosporine,

hydroxychloroquine, leflunomide, methotrexate, mycophenolate, tacrolimus), interactions between vaccination and prior use of

corticosteroids or rituximab, interactions between vaccination
failure). Q, quarter; SLE, systemic lupus erythematosus.

with SLE (OR (95% CI) 2.01 (1.58 to 2.97)). The odds of
severe COVID-19 among males were about 1.8 times the
odds among females (OR (95%) 1.77 (1.24 to 2.54) ), and
each additional year of age increased the odds of severe
COVID-19 by 2% (OR (95% CI) 1.02 (1.01 to 1.03)). The
full model containing all candidate variables and inter-
actions yielded similar ORs for the significant predictors
of severe COVID-19; no significant interactions were
observed (online supplemental figure 1).

Given the significant effect on risk of severe COVID-19
observed for corticosteroids and rituximab, a post hoc
backward stepwise model was constructed that exam-
ined the interactions of evidence of vaccination with
corticosteroids and rituximab. The interaction between
evidence of vaccination and belimumab use was also
included in this model, since there is a paucity of data
specifically examining the effect of belimumab use on
vaccine effectiveness among patients with SLE. The
results of this model showed that vaccination reduced
the odds of severe COVID-19 among patients with and
without these treatments, though none of these adjusted
ORs were statistically significant (figure 4).

DISCUSSION

This retrospective analysis of a large administrative claims
database identified the demographic, clinical and treat-
ment risk factors associated with hospitalisation among

and select comorbidities (diabetes, hypertension, obesity, renal

patients with SLE diagnosed with COVID-19. While
certain comorbidities and SLE treatments increased the
likelihood of severe COVID-19, vaccination offered signif-
icant protection, as patients with evidence of COVID-19
vaccination had 32% lower odds of severe COVID-19,
compared with patients without evidence of vaccination.

Our findings are consistent with prior analyses
showing the risk of severe COVID-19 conferred by
chronic comorbidities, immunosuppressant medications
and other patient characteristics among patients with
SLE and similar diseases. A small 2020 analysis showed
the presence of one or more comorbidity and increased
body mass index to be associated with increased risk of
COVID-19 hospitalisation among patients with SLE.*
Though evidence of obesity as coded in healthcare
claims was not associated with severe COVID-19 risk
in our analysis, obesity-related comorbidities such as
diabetes and hypertension were significant predictors of
severe COVID-19. A 2022 analysis by Ugarte-Gil et al also
observed elevated risk of severe COVID-19 associated
with comorbidities (eg, renal failure, hypertension),
timing of COVID-19 diagnosis, steroids and rituximab
among patients with SLE.” That analysis used data from
the COVID-19 Global Rheumatology Alliance (CI19-
GRA) collected between March 2020 and June 2021
(prior to the delta variant), though it did not control for
vaccination. Our finding of an increased risk of severe
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0Odds Ratio (95% CI)'

vaccination vs. no vaccination
All patients 0.68 (0.54 - 0.87)

Belimumab?

Patients with treatment
Patients without treatment

0.82 (0.30 - 2.22)
0.57 (0.31-1.04) .

Rituximab?

Patients with treatment
Patients without treatment

0.61(0.18 - 2.11)
0.76 (0.50 - 1.17)

Corticosteroids®

Patients with treatment

Patients without treatment 0.79 (0.38 - 1.65)

0.59 (0.27 - 1.28) .

0.00 0.25 0.50

0Odds ratio (95% confidence interval)

0.75 1.00 125 1.50 1.75 2.00 225 2,50

Figure 4 ORs for the effect of vaccination on the risk of severe COVID-19 among patients with and without prior use of
belimumab, rituximab or corticosteroids. 'Estimates from a backward stepwise logistic regression model containing the
following variables: evidence of COVID-19 vaccination, belimumab use, rituximab use, corticosteroid use, diagnoses in the
12-month baseline period (deficiency anaemia, complicated and uncomplicated diabetes, complicated and uncomplicated
hypertension, renal failure), age, sex, insurance type (Commercial, Medicare, Medicaid), time period of initial COVID-19
diagnosis, and interactions between COVID-19 vaccination and belimumab, rituximab and corticosteroids; 2Belimumab and
rituximab use assessed in the 6 months prior to patients’ initial COVID-19 diagnosis; 3Corticosteroid use assessed in the 30

days prior to patients’ initial COVID-19 diagnosis.

COVID-19 associated with anaemia is also consistent
with prior studies.?® %’

Gianfrancesco et al, reporting on Cl9-GRA data,
observed twice the odds of COVID-19 hospitalisation
associated with use of prednisone equivalent of >10mg
daily compared with no steroid use among patients with
rheumatic diseases.” Though we were unable to examine
steroid dosage, our results show 41% greater odds of
severe COVID-19 among patients who used steroids
in the 30 days before their initial COVID-19 diagnosis,
compared with those without evidence of recent steroid
use. We also observed the odds of severe COVID-19
among patients with SLE who used rituximab within the
prior 6 months to be 2.9 times that of those who did not
use rituximab, a finding consistent with Avouac et al's OR
of 3.26 (95% CI 1.66 to 6.40) comparing patients with
IMIDs who did and did not use rituximab."

Multiple studies have demonstrated impaired response
to COVID-19 vaccines among patients with IMIDs,
including patients with SLE, receiving treatments such
as rituximab," * 1% % methotrexate,” '° ' mycopheno-
late' ' % 2 and glucocorticoids.'® * * However, prior
examinations have shown no significant effect of beli-
mumab use on vaccine response.'” ***! A notable result
from the current study is that adjusted ORs from a
model including interactions between vaccination and
certain SLE treatments showed the protective effect of
vaccination against severe COVID-19 was not statistically
significant among patients with SLE with COVID-19 who
received belimumab, rituximab or corticosteroids.

Another notable result of this analysis is the significant
dropin the odds of severe COVID-19 over time. Compared
with patients with SLE diagnosed with COVID-19 in Q2
2020, those diagnosed in Q3 2020 had 42% lower odds
of developing severe disease, and those diagnosed in Q4

2021 had 76% lower odds of developing severe COVID-
19. This is similar to Ugarte-Gil’s observation of 50% and
60% lower odds of severe COVID-19 during Q3 2020 and
Q4 2020-Q1 2021, respectively, compared with Q1-Q2
2020.” This is likely the result of several factors, including
changing variants, hybrid immunity, population uptake
of vaccines, improved COVID-19 treatment regimens and
other preventive measures implemented for vulnerable
populations.

This analysis is the first large-scale real-world study to
estimate the effect of vaccination on the risk of severe
COVID-19 specifically among patients with SLE. A recent
study of adolescents showed similar mRNA vaccine effec-
tiveness between patients with and without inflammatory
rheumatic diseases, including SLE, though they did not
specifically assess the risk of severe COVID-19.” Saxena
et al observed fewer breakthrough COVID-19 infections
among patients with SLE who received an additional
vaccine dose compared with those who only received the
primary vaccine series, though again, they did not assess
the risk of severe COVID-19.”

Limitations

The results of this study should be interpreted in light
of the following limitations. First, the identification of
the underlying sample of COVID-19 cases was limited
to patients with SLE with a medical claim containing a
COVID-19 diagnosis; the frequency of COVID-19 infec-
tions that did not receive medical attention is unknown.
For that reason, we assessed the risk of severe COVID-19
only among patients with SLE with a known COVID-19
diagnosis, rather than the risk of any COVID-19 (severe
or otherwise) among all patients with SLE. It is highly
likely that the number of known COVID-19 cases overall
is underestimated, due in part to home testing and
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underreporting. Our study endpoint of severe COVID-19
required an inpatient claim with a COVID-19 diagnosis,
which is a highly reliable method given that inpatient
admissions will always be captured in healthcare claims.

Second, we considered a COVID-19 diagnosis code in
any position (primary or secondary) on an inpatient claim
to be evidence of severe disease. Some patients identified
as having severe COVID-19 may have had a primary inpa-
tient diagnosis of another condition but were also treated
for COVID-19 during the same admission. Such patients
may be considered as being hospitalised ‘with COVID-19’
rather than ‘for COVID-19’.

Third, our classification of patients’ vaccination status
was limited to patients who had a medical or pharmacy
claim for a COVID-19 vaccine or vaccine administration.
An unknown number of patients with SLE are likely to
have received a vaccine in a setting that did not generate
an insurance claim (eg, mass vaccination site). Therefore,
vaccination may offer even greater protection against
progression to severe COVID-19 than observed in this
study, since vaccinated patients are likely to have been
classified as unvaccinated in this analysis. The same can
be said regarding number of vaccines received, as our
methods were unable to determine how many vaccines
a patient received, and the vaccine series could have
been incomplete for some, prior to COVID-19 diagnosis.
Identification of patients who used various SLE medica-
tions was also limited to those with medical or pharmacy
claims for those treatments; patients were assumed to
take the medications as prescribed, though that cannot
be confirmed, and medication dosage, including cortico-
steroid dose, could not be reliably assessed using claims
data. We also limited our assessment of immunosuppres-
sive agents to those more commonly used among patients
with SLE. In addition, because race data are not avail-
able for Commercial and Medicare patients, race was
not included in the multivariable models. There may be
differences in variables not available or not controlled
for in adjusted analyses (eg, race, socioeconomic status)
between patients with SLE with and without severe
COVID-19 that may contribute to the observed results.
Finally, these results may not be generalisable to patients
with SLE with insurance types other than those included
in this study.

In conclusion, we observed significant effects of age,
male sex, chronic comorbidities and immunosuppressive
treatments on the risk of severe disease among patients
with SLE diagnosed with COVID-19, and mitigation of
severe COVID-19 risk by COVID-19 vaccination. These
results also suggest thatvaccine effectiveness againstsevere
COVID-19 may be modified by use of certain immuno-
suppressive SLE treatments. These findings reinforce the
importance of continued risk mitigation for patients with
SLE against COVID-19, including non-pharmacological
interventions (eg, masking) where appropriate, staying
up to date with booster vaccines, appropriate use of
preventative tools such as pre-exposure prophylaxis when
available, and aggressive outpatient COVID-19 treatment.
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