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ABSTRACT

Introduction: The impact of the COVID-19
pandemic on routine medical care may result in
altered healthcare resource use in patients with
immune-mediated conditions. The aim of this
study was to determine the impact of treatment
interruptions in patients with and without
COVID-19 infections who were treated with
targeted immunomodulators (TIMs) in the USA.
Methods: Data from the IBM® MarketScan®
Research Databases were analyzed in patients
with immune-mediated conditions from Jan-
uary 1, 2018, through December 31, 2020.
Healthcare resource use (HCRU) including hos-
pitalizations, emergency department (ED) visits,
in-person outpatient visits, and respiratory
outcomes was assessed in a cohort of patients
without COVID-19 who had wuninterrupted
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versus interrupted TIM use. The impact of
treatment interruption on HCRU and respira-
tory outcomes was also evaluated in a cohort of
patients with COVID-19. Results from adjusted
logistic regression were reported as adjusted
odds ratios (aORs) with 95% confidence
intervals.

Results: Approximately 25% of patients in both
the COVID-19 (N =787) and non-COVID-19
cohorts (N = 77,178) experienced interruptions
in TIM therapy. In the non-COVID-19 cohort,
the likelihood of being hospitalized was 20%
less in patients with uninterrupted versus
interrupted TIM use (aOR =0.80, 95% CI
0.71-0.90). Patients with uninterrupted TIM use
had a similar likelihood of an ED visit (aOR =
0.99, 95% CI 0.91-1.08) and respiratory out-
come (aOR =0.97, 95% CI 0.71-1.31) versus
patients with interrupted TIM use. The likeli-
hood of having an in-person outpatient visit
was 87% greater in patients with uninterrupted
versus interrupted TIM use (aOR = 1.87, 95% CI
1.81-1.94). Similar findings were observed in
the COVID-19 cohort.

Conclusion: This analysis of real-world claims
data showed that uninterrupted TIM use was
not associated with an increased likelihood of
hospitalizations, ED visits, or negative respira-
tory outcomes compared to interrupted TIM use
among patients with immune-mediated condi-
tions, regardless of COVID-19 diagnosis.
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Key Summary Points

Why carry out this study?

The COVID-19 pandemic had a major
impact on routine clinical practice and
significant interruptions to medical care
due potentially to overburdened
healthcare systems and a reluctance to
attend in-person healthcare visits

Treatment interruption may be of
particular relevance in the management
of patients with immune-mediated
conditions not only due to limited access
to medical care, but also because of
unclear treatment guidance and fear of
severe COVID-19 infection

It is unclear how the COVID-19 pandemic
impacts treatment interruption of
targeted immunomodulators and
subsequently the effect on healthcare
resource utilization in patients with
immune-mediated conditions

What was learned from the study?

In patients with immune-mediated
conditions, there was no increase in the
likelihood of being hospitalized or having
an emergency department visit or a
negative respiratory outcome between
patients with uninterrupted versus
interrupted targeted immunomodulator
use, regardless of COVID-19 diagnosis

More frequent in-person outpatient or
virtual visits were observed in both the
uninterrupted and interrupted targeted
immunomodulator use cohorts and may
be explained by the need for routine
treatment monitoring of patients with
immune-mediated conditions

INTRODUCTION

The 2019 novel coronavirus (COVID-19) pan-
demic continues to be a major health crisis,
particularly with the emergence of COVID-19
variants more virulent than the original virus.
As of June 22, 2021, > 179 million cases have
been reported worldwide, resulting in > 3.8
million deaths [1]. The first case appeared in the
US in January 2020 [2], and on June 22, 2021,
the number of cases in the US was > 34 million
and > 617,000 deaths had been reported [1].
Medical care of patients during this pandemic
may have been interrupted, especially in the
treatment of chronic immune-mediated condi-
tions. Continuation of therapy is critical to the
efficacy of targeted immunomodulators (TIMs)
in patients with immune-mediated conditions
[3]. Early in the pandemic, an estimated 41% of
US adults delayed or avoided medical care
including urgent or emergency care (12%) and
routine care (32%) because of concerns regard-
ing COVID-19, highlighting the immense dis-
ruption to both medical care and routine
management of complex diseases [4].

As TIM use in the treatment of immune-
mediated conditions can result in a reduced
immune response, there is concern that treated
patients may have an increased risk of COVID-
19 infections and/or a more severe course of
COVID-19 illness including hospitalizations,
complications, and mortality [5, 6]. There is
limited guidance on the continued use of TIMs
during the COVID-19 pandemic. At the begin-
ning of the pandemic, several professional
medical organizations such as National Psoriasis
Foundation, American Academy of Dermatol-
ogy, American College of Rheumatology, Med-
ical Dermatology Society, and American College
of Gastroenterology recommended discontinu-
ation or postponement of some TIMs [7-11]. As
a consequence of unclear guidance, patients
have forgone treatment, as shown in a recent
study [12] of patients with rheumatic condi-
tions without diagnosis of COVID-19 or respi-
ratory disease where 14.9% of patients stopped
taking a disease-modifying antirheumatic drug
(DMARD) and 16.5% stopped taking a biologic
or Janus kinase inhibitor because of concerns
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over COVID-19 infection; most of these inter-
ruptions were not recommended by a physi-
cian. Furthermore, results from this study on
healthcare-related patient behavior [12]
revealed that 56.6%, 42.3%, and 36.0% of
patients avoided an office visit, laboratory test-
ing, and other testing, respectively [12]. Thus,
more research is needed to understand the
consequences of treatment interruption in
patients with immune-mediated conditions
who may be at greater risk for COVID-19. To
address this gap, we sought to evaluate the
impact of treatment interruptions on healthcare
resource utilization among patients with
immune-mediated conditions with and without
COVID-19 who were treated with TIMs in the
US.

METHODS

Study Design

This study sought to determine the impact of
treatment interruptions on patients with
immune-mediated conditions, with and with-
out COVID-19, who were treated with TIMs in
the US. We conducted two separate analyses in
patients with immune-mediated conditions.
The first analysis evaluated patients who did not
have COVID-19 and compared healthcare
resource utilization and respiratory outcomes in
patients with uninterrupted versus interrupted
TIM use. The second analysis evaluated COVID-
19 patients and compared healthcare resource
utilization and respiratory outcomes in those
with uninterrupted versus interrupted TIM use.

Data Source

This was a retrospective observational study
using de-identified data from the IBM® Mar-
ketScan® Research Databases. The MarketScan
databases are a private sector health data
resource reflecting healthcare experience for >
41.1 million covered individuals, including
employees and dependents and Medicare-eligi-
ble retirees with employer-provided Medicare
supplemental plans. The MarketScan databases

represent one of the largest collections of de-
identified patient data available for healthcare
research in the US.

Patient-level data were retrieved from the
MarketScan databases from January 1, 2018,
through December 31, 2020. This study used
anonymized data; therefore, Ethics Committee
approval was not required. Data were de-iden-
tified following the statistical de-identification
rules of the Health Insurance Portability and
Accountability Act (HIPPA) and managed
according to customer data use agreements.

Identification of Study Population

Non-COVID-19 Patients

For non-COVID-19 patients, a random date
between March 13, 2020, and August 3, 2020,
was assigned to each patient. Non-COVID-19
patients who were treated with TIMs were
selected using the following criteria: patients
had to have > 2 claims with diagnosis codes
(Supplementary Table 1) for immune-mediated
conditions (ankylosing spondylitis, atopic der-
matitis, Crohn’s disease, hidradenitis suppura-
tiva, psoriasis, psoriatic arthritis, rheumatoid
arthritis, or wulcerative colitis) during the
24 months before the assigned random date.
Patients were also required to have > 2 claims
(pharmacy or medical) for TIM use within
12 months before the assigned random date
with > 1 claim for a TIM within 6 months
before the assigned random date based on codes
from the Healthcare Common Procedure Cod-
ing System (Supplementary Table 2). Non-
COVID-19 patients also had to have continuous
enrollment > 12 months before and > 150 days
after the assigned random date with no diag-
nosis of COVID-19.

COVID-19 Patients

COVID-19 patients were selected if they had
> 1 claim with International Classification of
Disease, 10th revision, Clinical Modification
(ICD-10-CM) for COVID-19 between March 13,
2020 (the date a national emergency was
declared in the US) and August 3, 2020 (see
Supplementary Table 1 for ICD-10-CM codes).
TIM-treated patients with immune-mediated
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COVID-19 patients

Patients with 21 COVID-19 diagnosis on or
after March 13, 2020 (n=48,656)

v

Patients with >2 diagnosis codes for
immune-mediated conditions
(n=14,008)

Patients with 22 claims for a TIM therapy
(n=3,741)

v

Patients with continuous enrollment before
COVID-19 diagnosis (n=3,128)

v

Patients with continuous enrollment after
COVID-19 diagnosis (n=787)

/ \

Non-COVID-19 patients

Patients without COVID-19 diagnosis on or
after March 13, 2020 (n=8,997,234)

v

Patients with >2 diagnosis codes for
immune-mediated conditions
(n=626,038)

Patients with 22 claims for a TIM therapy
(n=118,572)

v

Patients with continuous enrollment before
random start date (n=96,181)

v

Patients with continuous enrollment after
random start date (n=77,178)

e T

Uninterrupted TIM Interrupted TIM
(n=564; 71.7%) (n=223; 28.3%)

Uninterrupted TIM Interrupted TIM
(n=59,432; 77.0%) (n=17,746; 23.0%)

Fig. 1 Sclection of Patients

conditions were identified using the following
criteria: patients had to have > 2 claims with
diagnosis codes for immune-mediated condi-
tions (ankylosing spondylitis, atopic dermatitis,
Crohn’s disease, hidradenitis suppurativa, pso-
riasis, psoriatic arthritis, rheumatoid arthritis, or
ulcerative colitis) during the 24 months before
the initial COVID-19 diagnosis (see Supple-
mentary Table 1 for ICD-10-CM codes). Patients
also had to have > 2 claims (pharmacy or
medical) for a TIM use within 12 months before
the COVID-19 diagnosis with > 1 claim for a
TIM within 6 months before the COVID-19
diagnosis based on codes from the Healthcare
Common Procedure Coding System. TIM use
included tumor necrosis factor inhibitors, CD20
inhibitors, interleukin (IL)-6 inhibitors, T-cell
inhibitors, IL-12/23 inhibitors, 1L-23 inhibitors,
IL-17 inhibitors, 1L-4/13 inhibitors, Janus kinase
inhibitors, phosphodiesterase 4 inhibitors, and
an integrin inhibitor. A complete list of thera-
pies and healthcare procedure codes is provided
in Supplementary Table 2. Lastly, patients had
to have continuous enrollment > 12 months

before and > 150days after the COVID-19
diagnosis.

TIM Use Continuation Status

A distribution approach was taken to assess TIM
continuation status by identifying the time
window when the majority of TIM prescription
refills occurred after COVID-19 diagnosis for
COVID-19 patients or after the assigned random
date for non-COVID-19 patients. For both
cohorts, > 95% of TIM prescription refills
occurred within 60 days; therefore, a time win-
dow of 60 days was used to assess TIM contin-
uation  status. TIM  continuation  or
uninterrupted TIM use was defined as > 1 pre-
scription for any TIM use during this 60-day
window, and interruption of TIM use was
defined as no prescription for TIM use during
the 60-day period.

I\ Adis



5306

Adv Ther (2021) 38:5302-5316

Table 1 Baseline demographic and clinical characteristics

COVID-19 patients (N = 787)

Non-COVID-19 patients (N = 77,178)

Uninterrupted Interrupted P value  Uninterrupted Interrupted P value
TIM (z = 564) TIM TIM TIM
(n = 223) (n = 59,432) (n = 17,746)
Age, mean £ SD 458 £ 133 484 £ 12.6 0.03 46.6 £ 14.6 48.6 + 14.6 < 0.0001
Female, 7 (%) 339 (60.1) 146 (65.5) 019 33,645 (56.6) 10,207 (57.5) 0.03
Region, 7 (%) 0.62 < 0.0001
Midwest 88 (15.6) 26 (117) 13,095 (22.0) 3235 (18.2)
Northeast 133 (23.6) 58 (26.0) 10,092 (17.0) 3792 (21.4)
South 216 (38.3) 91 (40.8) 24,028 (40.4) 7105 (40.0)
West 47 (8.3) 16 (7.2%) 6150 (10.3) 1729 (9.7)
Unknown 80 (14.2) 32 (14.4) 6067 (10.2) 1885 (10.6)
Health plan, 7 (%) 0.34 < 0.0001
Commercial 546 (96.8) 212 (95.1) 56,166 (94.5) 16,074 (90.6)
Medicare 18 (32) 11 (4.9) 3266 (5.5) 1672 (9.4)
Condition, 7 (%)
Psoriasis 158 (28.0) 66 (29.6) 072 18531 (31.2) 6230 (35.1) < 0.0001
Psoriatic arthritis 103 (18.3) 45 (20.2) 0.60 11,037 (18.6) 3316 (18.7) 0.74
Rheumatoid arthritis 155 (27.5) 85 (38.1) <001 15422 (259) 5698 (32.1) < 0.0001
Ankylosing spondylitis 38 (6.7) 19 (8.5) 047 3126 (5.3) 902 (5.1) 0.36
Hidradenitis suppurativa 14 (2.5) 5 (2.2) >099 1142 (1.9) 388 (2.2) 0.03
Crohn’s disease 134 (23.8) 32 (14.3) <001 12281 (207) 2466 (13.9) < 0.0001
Ulcerative colitis 74 (13.1) 24 (10.8) 043 6985 (11.8) 1584 (8.9) < 0.0001
Atopic dermatitis 45 (8.0) 13 (5.8) 037 4810 (8.1) 1111 (63) < 0.0001
Concomitant treatment in 350 (62.1) 156 (70.0) 0.045 29,556 (49.7) 9075 (51.1) 0.001
6-month pre-index
period, 7 (%)
CCIL mean = SD 0.68 + 1.30 0.72 £ 1.27 0.36 0.44 + 0.96 0.52 £+ 1.09 < 0.0001
Month of diagnosis/ 0.08 0.07
assignment,” 7 (%)
March 34 (6.0) 24 (10.8) 9059 (15.2) 2717 (15.3)
April 108 (19.1) S51 (22.9) 14,420 (24.3) 4420 (24.9)
May 112 (19.9) 31 (13.9) 13,743 (23.1) 4011 (22.6)
June 134 (23.8) 55 (24.7) 12,860 (21.6) 3760 (21.2)
July 166 (29.4) 59 (26.5) 8546 (14.4) 2629 (14.8)
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Table 1 continued

COVID-19 patients (N = 787)

Non-COVID-19 patients (N = 77,178)

Uninterrupted Interrupted P value  Uninterrupted Interrupted P value
TIM (» = 564) TIM TIM TIM
(n = 223) (n = 59,432) (2 = 17,746)
August 10 (1.8) 3 (14) 804 (1.4) 209 (1.2)
Treatment with TIM, 7 (%)

TNFi 346 (61.3) 123 (55.2) 013 35791 (602) 9601 (541) < 0.0001
JAKi 16 (2.8) 5 (2.2) 0.83 500 (0.84) 460 (2.6) < 0.0001
IL-6 inhibitor 20 (3.6) 14 (63) 013 1330 (22) 505 (2.8) < 0.0001
IL-17 inhibitor 41 (7.3) 16 (7.2) >099 5836 (9.8) 1382 (7.8) < 0.0001
IL-12/23 inhibitor 53 (9.4) 23 (10.3) 080 4579 (7.7) 1805 (10.2) < 0.0001
CD 20 inhibitor 0 (0%) 16 (7.2) < 0.0001 372 (0.6) 789 (4.4) < 0.0001
T cell inhibitor 20 (3.6) 9 (4.0) 091 2134 (3.6) 816 (4.6) < 0.0001
PDE4 inhibitor 37 (6.6) 10 (4.5) 035 4738 (8.0) 1560 (8.8) < 0.001
IL-23 inhibitor 18 (3.2) 4 (1.8) 041 1815 (3.1) 864 (4.9) < 0.0001
IL-4/13 inhibitor 38 (6.7) 10 (4.5) 031 4211 (7.1) 883 (5.0) < 0.0001

CCI Charlson Comorbidity Index, IL interleukin, J4Ki Janus kinase inhibitor, PDE phosphodiesterase, SD standard
deviation, TIM targeted immunomodulator, 7NFi tumor necrosis factor inhibitor
* For COVID-19 patients, month of COVID-19 diagnosis; for non-COVID-19 patients, month of randomly assigned

date

Outcomes Analyzed

The date corresponding to 60 days after the
COVID-19 diagnosis was the index date for
COVID-19 patients, and the date corresponding
to 60 days after the assigned random date was
the index date for non-COVID-19 patients. For
both cohorts, outcomes were assessed for
90 days after the index date. Healthcare
resource utilization included the percentage of
patients who were hospitalized, had an emer-
gency department visit, had an in-person out-
patient visit, or had a virtual visit (includes
virtual check-in visits and telehealth visits).
Respiratory outcomes based on ICD-10-CM
code, included viral pneumonia (J12.89), bron-
chitis (J20.8 or J40), lower respiratory tract
infection (J98.8 or J22), or acute respiratory
distress syndrome (J80). The percentage of
patients with a respiratory outcome was

determined if they had a diagnosis code for any
of the four respiratory outcomes. The likelihood
of being hospitalized; having emergency
department, in-person outpatient, or virtual
visits; or a respiratory outcome was determined.

Statistical Analysis

For baseline characteristics, frequencies and
percentages were reported for categorical vari-
ables and were compared using chi-square tests
or Fisher's exact tests. Means and standard
deviations were reported for continuous vari-
ables and were compared using the Wilcoxon
rank-sum test.

For COVID-19 and non-COVID-19 patients,
results from logistic regression models for bin-
ary outcomes were reported as adjusted odds
ratios (aOR) with corresponding 95% confi-
dence intervals. The reference category for the
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Fig. 2 Healthcare resource use and negative respiratory outcomes in patients with uninterrupted versus interrupted TIM
use

aORs was the interrupted TIM cohort. Models Logistic regression was not performed for out-
were adjusted for the following baseline comes with < 50 events [13].

covariates: age, sex, region, index month, For non-COVID-19 patients, results were
immune-mediated conditions, and Charlson stratified among patients who had rheumatic
Comorbidity Index (CCI). Comorbidities inclu- (ankylosing spondylitis, psoriatic arthritis, or
ded in the CCI are listed in Supplementary rheumatoid arthritis), dermatologic (atopic
Table 3; rheumatic conditions were excluded. dermatitis, hidradenitis suppurativa, psoriasis,
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(A) COVID-19 cohort

ED visit

Hospitalization

Virtual outpatient visit

In-person outpatient visit

Respiratory outcomes o

0.10

aOR 95% CI P value
— 0.95 0.51—1.76 0.87
0.31 0.12—0.80 0.02
— 0.85 0.59—1.24 0.40
——e—— 1.56 1.01—2.40 0.045
0.69 0.20—2.37 0.56
' l1'.00 ' - ll‘OiOO

Adjusted odds ratio (95% Cl)

(B) Non-COVID-19 cohort

ED visit

Hospitalization

Virtual outpatient visit

In-person outpatient visit

Respiratory outcomes

aOR 95% CI
0.99 0.91—1.08 0.89

P value

0.80 0.71—0.90 <0.001
IS 1.29 1.23—1.35 <0.0001
. 1.87 1.81—1.94 <0.0001

— 0.97 0.71—1.31 0.82

0.10

1.00 10.00

Adjusted odds ratio (95% Cl)

Fig. 3 Likelihood of healthcare resource use or negative respiratory outcomes in patients with uninterrupted versus

interrupted TIM use

or psoriatic arthritis), and gastrointestinal con-
ditions (Crohn’s disease or ulcerative colitis),
separately. Since patients could have multiple
conditions, the stratified groups were not
mutually exclusive. Odds ratios for respiratory
outcomes in stratified analyses were not repor-
ted in non-COVID-19 patients because of the
small number of events (i.e., < 50). For COVID-
19 patients, comparisons were not stratified by
therapeutic area because of the small sample
size.

RESULTS

Baseline Characteristics

Non-COVID-19 Patients

There were 77,178 non-COVID-19 patients who
met the inclusion criteria, including 59,432
(77.0%) and 17,746 (23.0%) in the uninter-
rupted and interrupted TIM wuse cohorts,
respectively  (Fig. 1).  Patients in  the
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uninterrupted TIM use cohort were younger
than those in the interrupted use cohort
(46.6 + 14.6 versus 48.6 £+ 14.6 years,
P < 0.0001; Table 1). A smaller proportion of
patients in the uninterrupted TIM use cohort
was female than in the interrupted use cohort
(56.6% versus 57.5%, P = 0.03). Patients in the
uninterrupted TIM use cohort included smaller
proportions of patients with psoriasis, rheuma-
toid arthritis, and hidradenitis suppurativa and
larger proportions of patients with Crohn's
disease, ulcerative colitis, and atopic dermatitis
than those in the interrupted use cohort.
Patients in the uninterrupted versus interrupted
TIM wuse cohort had a lower CCI (CCI:
0.44 £ 0.96 versus 0.52 +£1.09, P < 0.0001),
and more than half of the patients in each
cohort were being treated with a tumor necrosis
factor inhibitor (60.2%  versus 54.1%;
P < 0.0001), respectively.

COVID-19 Patients

A total of 787 COVID-19 patients met the
inclusion criteria, including 564 (71.7%) in the
uninterrupted TIM use cohort and 223 (28.3%)
in the interrupted TIM use cohort (Fig.1).
Patients in the uninterrupted TIM use cohort
were younger than those in the interrupted TIM
use cohort (45.8 + 13.3 versus
48.4 + 12.6 years, P=0.03). In COVID-19
patients, there were no other significant differ-
ences in demographics between patients in the
uninterrupted versus interrupted TIM use
cohorts (Table 1). More patients in the unin-
terrupted versus interrupted TIM use cohort had
Crohn’s disease (23.8% versus 14.3%, P < 0.01)
while fewer patients had rheumatoid arthritis
(27.5% versus 38.1%, P < 0.01). The distribu-
tion of other immune-mediated conditions was
similar between the cohorts. There was no sig-
nificant difference in CCI between patients in
the uninterrupted versus those with interrupted
TIM use cohorts [mean =+ (SD): CCI 0.68 + 1.30
versus 0.72 £+ 1.27; P =0.36], and more than
half of the patients in each cohort were being
treated with a tumor necrosis factor inhibitor
(61.3% versus 55.2%; P = 0.13), respectively.

Outcomes

Non-COVID-19 Patients

During the 90-day study period, significantly
fewer non-COVID-19 patients with uninter-
rupted TIM use were hospitalized compared to
those with interrupted TIM use (1.7% versus
2.2%, P < 0.0001; Fig. 2A). The percentages of
patients with an ED visit or a respiratory out-
come were similar in the uninterrupted versus
interrupted TIM use cohorts. Significantly more
patients had an in-person outpatient visit
(67.7% versus 52.7%, P < 0.0001) or virtual visit
(17.3% versus 14.0%, P <0.0001) among
patients in the uninterrupted versus interrupted
TIM use cohort.

In non-COVID-19 patients, the likelihood of
being hospitalized, having an ED visit, or a
respiratory outcome was 20% less (aOR = 0.80,
95% CI 0.71-0.90; P < 0.001), 1% less (aOR =
0.99, 95% CI 0.91-1.08; P = 0.89), or 3% less
(@OR=0.97, 95% CI 0.71-1.31; P =0.82),
respectively, in the uninterrupted versus inter-
rupted TIM use cohort (Fig. 3A). The likelihood
of having an in-person outpatient visit or a
virtual visit was 87% greater (aOR = 1.87, 95%
CI 1.81-1.94; P <0.0001) or 29% greater
(@OR =1.29, 95% CI 1.23-1.35; P < 0.0001),
respectively, in the uninterrupted versus inter-
rupted TIM use cohort.

COVID-19 Patients

During the 90-day study period, significantly
fewer patients in the uninterrupted versus
interrupted TIM use cohort were hospitalized
(1.8% versus 4.9%, P = 0.02; Fig. 2B). The per-
centage of patients with an ED (6.9% versus
7.6%, P =0.85) or virtual visit (22.9% versus
26.5%, P = 0.33) was less in the uninterrupted
versus interrupted TIM use cohort, but the dif-
ferences were not statistically significant. The
percentage of patients with an in-person out-
patient visit was greater in the uninterrupted
TIM use cohort than in the interrupted TIM use
cohort (84.6% versus 79.4%; P =0.10). The
percentage of patients with a respiratory out-
come was less in the uninterrupted versus
interrupted TIM use cohort (1.2% versus 2.2%,
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P = 0.34), but the difference was not statistically
significant.

In COVID-19 patients, the likelihood of
being hospitalized, having an ED visit, or hav-
ing a respiratory outcome was 69% less (aOR =
0.31, 95%CI 0.12-0.80; P =0.02), 5% less
(aOR =0.95, 95% CI 0.51-1.76; P =0.87), or
31% less (aOR =0.69, 95% CI 0.20-2.37;
P =0.56), respectively, in the uninterrupted
versus interrupted TIM use cohort (Fig. 3B). The
likelihood of having an in-person outpatient
visit was 56% greater (aOR =1.56, 95% CI
1.01-2.40; P = 0.045) in patients in the unin-
terrupted versus interrupted TIM use cohort,
and the likelihood of having a virtual visit was
15% less in patients in the uninterrupted versus
interrupted TIM use cohort (aOR = 0.85, 95% CI
0.59-1.24; P = 0.40).

Outcomes Stratified by Therapeutic Area

Rheumatic Conditions

A total of 36,411 patients had a rheumatic
condition, including 27,302 (75.0%) with
uninterrupted TIM use and 9109 (25.0%) with
interrupted TIM use during the study period
(Supplementary Table 4). In patients with a
rheumatic condition, those in the uninter-
rupted TIM use cohort were younger than those
in the interrupted TIM use cohort
(51.8 £ 11.7 years 53.1 + 12.5; P < 0.0001). A
smaller proportion of patients with uninter-
rupted TIM use was female (64.6% versus
66.5%; P <0.01) compared to those with
interrupted TIM use. Rheumatoid arthritis
(56.0% versus 62.1% in the uninterrupted TIM
use versus interrupted TIM use cohort, respec-
tively, P <0.0001) was the most prevalent
rheumatic condition followed by psoriatic
arthritis (38.2% versus 34.2%, respectively
P < 0.0001) and ankylosing spondylitis (11.3%
versus 9.7%, respectively, P < 0.0001). Patients
with uninterrupted TIM wuse had a lower
comorbidity burden as assessed by CCI than
those with interrupted TIM wuse (CCI:
0.50 £ 1.03 versus 0.60 + 1.15; P < 0.0001),
and more than half of the patients in each
cohort were being treated with a tumor necrosis

factor inhibitor (71.5%
P < 0.0001, respectively).

During the 90-day study period, significantly
fewer patients with a rheumatic condition in
the uninterrupted versus interrupted TIM use
cohort were hospitalized (1.7% versus 2.3%,
P < 0.001; Supplemental Fig. 1A). Although not
statistically significant, fewer patients with a
rheumatic condition had an ED visit in the
uninterrupted versus interrupted TIM use
cohorts (4.2% versus 4.6%, respectively,
P =0.11). Significantly more patients with a
rheumatic condition had an in-person outpa-
tient visit (70.4% versus 56.8%, P < 0.0001) or
virtual visit (20.0% versus 17.0%, P < 0.0001) in
the uninterrupted versus interrupted TIM use
cohort. The percentages of patients with a res-
piratory outcome were similar among patients
in the both cohorts.

For patients with a rheumatic condition, the
likelihood of being hospitalized or having an
ED visit was 17% less (aOR =0.83, 95% CI
0.70-0.98; P=0.03) or 7% less (aOR =0.93,
95% CI 0.83-1.05; P =0.25; Supplemental
Fig. 2A), respectively, in patients with uninter-
rupted versus interrupted TIM use. In contrast,
the likelihood of having an in-person outpa-
tient visit or a virtual visit was 81% greater
(@OR = 1.81, 95% CI 1.72-1.90; P < 0.0001) or
21% greater (aOR =1.21, 95% CI 1.14-1.29;
P <0.0001), respectively, in patients with
uninterrupted versus interrupted TIM use.

versus  64.3%;

Dermatologic Conditions

A total of 36,548 patients had a dermatologic
condition, including 27,684 (75.7%) with
uninterrupted TIM use and 8864 (24.3%) with
interrupted during the study period (Supple-
mental Table 5). There was no significant dif-
ference in age (47.4 £ 139 versus
47.8 £ 13.9 years; P =0.20) or gender (51.9%
females versus 51.4% each, P = 0.42) between
the cohorts with uninterrupted versus inter-
rupted TIM use. Psoriasis (65.9% versus 69.5%
in the uninterrupted TIM use versus interrupted
TIM use cohort, respectively, P < 0.0001) was
the most prevalent dermatologic condition fol-
lowed by psoriatic arthritis (39.4% versus
37.0%, respectively, P < 0.0001), atopic der-
matitis (16.1% versus 11.4%, respectively
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P < 0.0001), and hidradenitis suppurativa (3.9%
versus 4.2%, respectively P = 0.33). The comor-
bidity burden as determined by CCI was similar
between patients with a dermatologic condition
in the uninterrupted versus interrupted TIM use
cohorts (CCI: 0.45 £ 0.98 versus 0.46 + 1.01;
P =0.92). More than one-third of patients with
a dermatologic condition in the uninterrupted
versus interrupted TIM use cohorts was being
treated with tumor necrosis factor inhibitors
(38.6% versus 41.5%; P < 0.0001).

During the 90-day study period, significantly
fewer patients with a dermatologic condition in
the uninterrupted TIM use cohort were hospi-
talized (1.2% versus 1.6%, P < 0.01; Supple-
mental Fig. 1B) compared with those in the
interrupted TIM use cohort. The percentages of
patients with a respiratory outcome or an ED
visit were similar regardless of whether TIM use
was interrupted. Significantly more patients had
an in-person outpatient visit (60.2% versus
53.7%, P < 0.0001) or virtual visit (14.7% versus
12.7%, P < 0.0001) in the uninterrupted versus
interrupted TIM use cohorts.

The likelihood of being hospitalized was 23%
less (aOR =0.77, 95% CI 0.63-0.94; P =0.01;
Supplemental Fig. 2B) in patients with a der-
matologic condition in the uninterrupted ver-
sus interrupted TIM use cohort. There was no
difference in the likelihood of having an ED
visit (aOR = 1.01, 95% CI 0.89-1.15; P = 0.83)
in the TIM use cohorts. In contrast, the likeli-
hood of having an in-person outpatient visit or
a virtual visit was 28% greater (aOR = 1.28, 95%
CI 1.22-1.35; P <0.0001) or 17% greater
(@OR =1.17, 95% CI 1.09-1.25; P < 0.0001),
respectively, in the uninterrupted versus inter-
rupted TIM use cohorts.

Gastrointestinal Conditions

A total of 21,208 patients had a gastrointestinal
condition, including 17,547 (82.7%) with
uninterrupted TIM use and 3661 (17.3%) with
interrupted TIM use during the study period
(Supplemental Table 6). Patients with a gas-
trointestinal condition were younger in the
uninterrupted TIM use cohort than those in the
interrupted TIM use cohort (40.0 + 15.4 versus
42.3 £ 16.1 years, P < 0.0001). A larger propoz-
tion of patents in the uninterrupted versus

interrupted TIM use cohort were female (50.6%
versus 48.0%, P < 0.01). Crohn’s disease was
more prevalent (69.7% versus 66.6%, in the
uninterrupted TIM use versus interrupted TIM
use cohort, respectively, P < 0.001) than ulcer-
ative colitis (39.3% versus 42.4%, respectively,
P <0.001). Patients with a gastrointestinal
condition in the uninterrupted TIM use cohort
had a lower comorbidity burden than those in
the interrupted TIM use cohort
(CCI: 0.38 £ 0.90 versus 0.50 + 1.12;
P < 0.0001), and more than half of the patients
in each cohort were being treated with a tumor
necrosis factor inhibitor (74.9% versus 72.6%;
P < 0.01), respectively.

During the 90-day study period, the per-
centage of patients with a gastrointestinal con-
dition who were hospitalized or had an ED visit
was similar in the uninterrupted and inter-
rupted TIM use cohorts (Supplemental Fig. 1C).
There were 0.3% patients in the uninterrupted
TIM use cohort and 0.1% of patients in the
interrupted TIM use cohort who had a respira-
tory outcome. Significantly more patients had
an in-person outpatient visit (75.7% versus
43.7%, P < 0.0001) or virtual visit (19.2% versus
11.3%, P < 0.0001) in the uninterrupted versus
interrupted TIM use cohort.

The likelihood of being hospitalized was 15%
less (aOR = 0.85, 95% CI 0.69-1.06; P =0.15;
Supplemental Fig. 2C) in patients with a gas-
trointestinal condition in the uninterrupted
versus interrupted TIM use cohort. In contrast,
the likelihood of having an ED visit was 12%
greater (aOR=1.12, 95% CI 0.93-1.34;
P =0.23) in patients in the uninterrupted TIM
use cohort compared with the interrupted TIM
use cohort. The likelihood of having an in-per-
son outpatient visit or a virtual visit was 309%
greater (aOR=4.09, 95% CI 3.79-4.41;
P < 0.0001) or 87% greater (aOR = 1.87, 95% CI
1.68-2.09; P < 0.0001), respectively, in the
uninterrupted versus interrupted TIM use
cohort.

DISCUSSION

This novel study demonstrates that patients
with  immune-mediated conditions and
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uninterrupted TIM use did not have an increase
in hospitalizations, ED visits, or respiratory
outcomes compared to patients with inter-
rupted TIM use irrespective of COVID-19 diag-
nosis. Patients with uninterrupted TIM use were
more likely to have an in-person outpatient visit
than patients with interrupted TIM use. More
frequent in-person outpatient or virtual visits in
both COVID-19 and non-COVID-19 patients
may be explained by the need for routine and
perhaps heightened monitoring during treat-
ment of their condition. Overall, these findings
were generally consistent across rheumatology,
dermatology, and gastroenterology indications
in non-COVID-19 patients. It is reasonable to be
concerned that patients who have an immune-
mediated condition may be at greater risk for
COVID-19 infection and thus more severe
COVID-19 disease than the general population
given their immunocompromised state result-
ing from their underlying condition as well as
use of TIMs [14]. However, the overall findings
of this research suggest that uninterrupted use
of TIMs regardless of COVID-19 diagnosis is not
associated with higher risks of hospitalizations,
ED visits, and/or respiratory outcomes com-
pared with interrupted TIM use.

Rheumatologist and patient impressions of
COVID-19 disease may influence their treat-
ment decisions. In a national survey evaluating
perceptions of rheumatologists regarding
COVID-19 in the US, 48% believed that patients
with rheumatic conditions were at higher risk of
COVID-19 regardless of immunosuppressive
regimen, but 50% disagreed that the pandemic
led them to reduce the use, dosage, or frequency
of biologic therapies [15]. From the patient
perspective, a survey of 1517 adults with rheu-
matic conditions in the US revealed that levels
of concern about COVID-19 were high, with
46% of respondents being extremely concerned
and 34% moderately concerned [12]. Over half
(56.6%) avoided doctor’s visits. Among patients
who did not report a respiratory illness or
COVID-19 infection and were being treated
with a biologic or Janus kinase inhibitor, 16.5%
stopped using their medication because of
concerns over COVID-19 infection. Most of
these interruptions occurred without physician
recommendation [12].

Several published reports have indicated that
patients with immune-mediated conditions
have similar rates of COVID-19 infection and
that the severity of COVID-19 disease and
mortality rates in these patients are not signifi-
cantly different from the general population
[16-21]. In addition, a retrospective observa-
tional study in Madrid found that the likeli-
hood of developing severe acute respiratory
syndrome was less in patients with an immune-
mediated condition compared with those who
did not have an immune-mediated condition
[22].

Individual physicians and medical organiza-
tions have supported treatment interruptions in
the management of patients with immune-me-
diated conditions. A recent study by Lebwohl
et al. [23] reported that some physicians may be
concerned that the immunosuppressive or
immunomodulating agents, including biologic
agents used to treat immune-mediated condi-
tions, may render patients more susceptible to
COVID-19 infection, even though there is no
evidence to support this hypothesis. Addition-
ally, organizations such as the National Psoriasis
Foundation, American Academy of Dermatol-
ogy, Medical Dermatology Society, American
College of Rheumatology, and American Col-
lege of Gastroenterology have recommended
discontinuation or postponement of TIMs;
however, evidence that substantiates these rec-
ommendations is limited [7-11]. Ironically,
despite guidance recommendations for discon-
tinuation or postponement of TIMs, immuno-
suppressive agents are currently under
investigation for the attenuation of cytokine
release syndrome, which occurs during severe
COVID-19-related disease [24-29].

In a study examining demographic and
clinical factors associated with COVID-19 hos-
pitalization status in patients with rheumatic
conditions, treatment with biologic/targeted
synthetic DMARD therapy was associated with
lower odds of hospitalization compared with no
DMARD therapy [5], and tumor necrosis factor
inhibitor use was also associated with reduced
odds of hospitalization [5]. These findings are
consistent with the results obtained in this
study.
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One important strength of the current study
is that data were leveraged from a large national
database providing results that may be gener-
alizable to the entire US population covered by
commercial and Medicare Advantage plans. The
results and interpretations of this study should
be taken in context of potential limitations, one
of which is the potential for unobserved con-
founders that are inherent to retrospective
observational studies. Consistent with all ret-
rospective studies of healthcare claims data,
there is the possibility of coding errors or
omissions in the diagnostic and procedure
codes. Patients may not have used recorded
medications as prescribed after filling a pre-
scription. Causal relationships between treat-
ment continuation and outcomes cannot be
inferred. Due to the small sample size of
COVID-19 patients, we were not able to stratify
the results by the rheumatic, dermatologic, and
gastrointestinal therapeutic areas. Finally, the
reasons for a patient’s treatment discontinua-
tion (e.g., lack of treatment response, treat-
ment-related side effects, and patient
preference) cannot be directly observed in
claims data.

CONCLUSION

Overall, our findings demonstrate that unin-
terrupted TIM use was not associated with an
increased likelihood of hospitalizations, ED
visits, or respiratory outcomes compared to
interrupted TIM use among patients with an
immune-mediated condition, irrespective of
COVID-19 diagnosis. These data suggest that
future therapeutic approaches by clinicians
should consider not interrupting TIM therapy
when managing patients with immune-medi-
ated conditions amid the COVID-19 pandemic.
However, shared clinical decision-making
between the clinician and the patient remains a
hallmark in routine care management.
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