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Background. 'There are limited data on outcomes of moderate to severe coronavirus disease 2019 (COVID-19) among patients

treated with remdesivir and dexamethasone in a real-world setting. We sought to compare the effectiveness of standard of care (SOC)

alone versus SOC plus remdesivir and dexamethasone.
Methods.

Two population-based nationwide cohorts of individuals hospitalized with COVID-19 during February through

December 2020 were studied. Death within 30 days and need of mechanical ventilation (MV) were compared by inverse probability
of treatment weighted (ITPW) logistic regression analysis and shown as odds ratio (OR) with 95% confidence interval (CI).

Results.

The 30-days mortality rate of 1694 individuals treated with remdesivir and dexamethasone in addition to SOC was

12.6% compared to 19.7% for 1053 individuals receiving SOC alone. This corresponded to a weighted OR of 30-day mortality of
0.47 (95% CI: .38-.57) for patients treated with remdesivir and dexamethasone compared to patients receiving SOC alone. Similarly,

progression to MV was reduced (OR 0.36; 95% CI: .29-.46).
Conclusions.

Treatment of moderate to severe COVID-19 during June through December that included remdesivir and dexa-

methasone was associated with reduced 30-day mortality and need of MV compared to treatment in February through May.
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Within 6 months of the coronavirus disease 2019 (COVID-19)
pandemic caused by severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2), 2 pharmacological interventions
were separately shown to impact clinical outcomes [1, 2]. The
Adaptive COVID-19 Treatment Trial-1 (ACTT-1) showed
that remdesivir improved time to recovery [1], whereas the
RECOVERY Collaborative Group and others showed that
corticosteroids improved 28-day survival for patients with
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COVID-19 [2, 3]. Later the World Health Organization advised
against use of remdesivir following results of the Solidarity
trial [4]. A meta-analysis suggested that remdesivir resulted in
little to no mortality difference but improved the percentage
recovered [5]. Only a few studies have reported on outcomes
following treatment with remdesivir. Olender et al used data
from a phase III trial and compared these to a retrospective co-
hort of patients receiving standard of care early in the pandemic
[6]. Use of remdesivir was associated with improved 14-day re-
covery and reduced odds of death. Corticosteroid use was not
reported. Garibaldi et al similarly showed that clinical improve-
ment occurred faster with remdesivir, whereas use of remdesivir
with or without corticosteroids did not reduce time to death [7].

Danish guidelines have recommended the use of remdesivir
and dexamethasone for hypoxemic COVID-19 since May and
June 2020, respectively. Reports from the United States and
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the United Kingdom suggest early improvements in outcomes
of COVID-19 during first waves of the pandemic compatible
with gains in experience [8-10]. Further improvements be-
tween waves appear to have occurred [11]. Studies that com-
pare outcomes during second to first waves of COVID-19
are few.

Using causal inference, we report outcomes of individuals
hospitalized with COVID-19, who were treated with remdesivir
and dexamethasone and compare outcomes with a cohort
of individuals, who received standard of care (SOC) without
remdesivir or corticosteroids.

METHODS

Setting
Healthcare in Denmark is universal and free of cost for all resi-
dents. Initially, remdesivir was administered through ACTT-1
at 7 sites (March and April) and later through an early access
program at two sites (May and June). Remdesivir became
widely available in August. To ensure equal distribution and ac-
cess to remdesivir across the country, an overarching body of
the 5 regions each responsible for healthcare provision (Danish
Regions) established a task force in May to oversee the distri-
bution and use of COVID-19 treatments. Criteria for treatment
with remdesivir were confirmed SARS-CoV-2 infection with a
new onset pulmonary radiographic infiltrate, oxygen satura-
tion <94%, need of supplemental oxygen, and a symptom dura-
tion of <10 days, which was later extended to 12 days. Patients
with evidence of multiorgan failure, those receiving more than
one pressor for septic shock, plasma alanine transaminase 5
times above the upper limit of normal, renal failure or dial-
ysis or continuous veno-venous hemofiltration, pregnant or
lactating women, and those with a history of hypersensitivity
to remdesivir, were ineligible for treatment with remdesivir, but
the use of dexamethasone could be considered. Remdesivir was
given for 5 days with few exceptions [12]. On 17 April 2020,
the Danish Society of Thrombosis and Hemostasis introduced
a guideline on thromboprophylaxis suggesting intermediate
doses of low-molecular weight heparin (LMWH) to patients in
intensive care units and low dose LMWH to all ward patients.
This study was approved by the Danish Board of Health (re-
cord no. 31-1522-84 and 31-1521-309), the Capital Regional
Data Protection Center (record no. P-2020-492), the Region
Zealand Data Protection Agency (record no. 070-2020), the
Region of Southern Denmark (record no. 10.960 and 20/16169)
and the legal authorities in North Denmark Region (record
no. 2020-045). By Danish legislation, register-based studies are
exempted from ethical committee approval.

Cohorts
Hospitalized individuals at 8 centers were included in the SOC
cohort from February through May 2020. Details have been

described previously [13-16]. Data on age, sex, comorbidity,
chest X-ray infiltrate, use of supplemental oxygen and outcomes
were extracted from electronic health records.

From June through December 2020, hospitalized individuals
at 13 centers across Denmark were included. For every indi-
vidual, a case report was completed at discharge. Data included
age, sex, comorbidity, chest X-ray infiltrate, use of supplemental
oxygen, and outcomes.

Included individuals in both cohorts had confirmed
SARS-CoV-2 infection by reverse-transcriptase polymerase-
chain-reaction. Chest X-ray findings and use of supplemental
oxygen was ascertained within 24 hours of admission.

Statistics

Baseline characteristics are reported as frequencies with
percentages or medians with an interquartile range (IQR).
Comparisons were performed using y’test, Fisher exact test or
Mann-Whitney U test, as appropriate.

Stabilized inverse probability of treatment weighting (IPTW)
was computed using a multiple logistic regression model on
the probability of receiving remdesivir. Covariates in the model
included age, sex, presence of any comorbidity (hypertension,
diabetes mellitus, cardiovascular disease, chronic obstructive
pulmonary disease, asthma, cancer or other), need of sup-
plemental oxygen and presence of radiographic infiltration.
Weights were computed as stabilized inverse probability of
treatment selection and used to create a pseudo-population in
which covariates were independent of treatment selection. We
computed normal and weighted absolute standardized mean
difference between treatment groups to validate the weighting
procedure. Weighted logistic regression models were used to as-
sess any association with 30-day mortality or mechanical venti-
lation (MV) reported as odds ratio (OR) with 95% CI. Survival
curves were constructed by the method of Kaplan and Meier;
for MV with death as a competing risk. Follow-up was from
the date of admission and until day 30. P values < .05 were con-
sidered statistically significant. Data analysis was performed
using IBM SPSS (version 25.0, SPSS Inc., Chicago, IL, USA)
and R version 4.0.2 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

From February through May, 1053 individuals receiving
SOC and from June through December, 1694 individ-
uals receiving SOC with remdesivir and dexamethasone
were included; 1593 (91.7%) of the latter were treated after
1 October 2020. Characteristics of study subjects are shown
in Table 1. Individuals treated with remdesivir and dexameth-
asone were more often male, who presented 1 day earlier,
more often had pulmonary radiographic infiltration and
were more likely to receive supplemental oxygen at baseline

2 o CID 2021:XX (XX XXXX) « Benfield et al



Table 1. Characteristics of Individuals Hospitalized With Coronavirus Disease 2019 (COVID-19) Over Two Time Periods

February—-May

June-December

n = 1053 n=1694 P value SMD  SMD After IPTW
Age, years 71 (57-80) 69 (57-79) .20 0.030 0.01
Female, no. (%) 474 (45.0%) 621 (36.7%) .001 0.171 0.006
Comorbidity, no. (%) 838 (79.6%) 1343 (79.3%) .88
Coexisting comorbidity
Hypertension, no. (%) 410 (38.9%) 624 (36.8%) 27 0.043 0.010
Diabetes mellitus, no. (%) 209 (19.8%) 384 (22.7%) .09 0.069 0.009
Cardiovascular disease, no. (%) 289 (27.4%) 446 (26.3%) .63 0.025 0.018
COPD, no. (%) 154 (14.6%) 221 (13.0%) 25 0.046 0.004
Malignancy, no. (%) 127 (12.1%) 173 (10.2%) 13 0.060 0.017
Other, no. (%) 360 (35.9%) 808 (47.7%) <.001 0.240 0.015
Symptom duration, days 7 (3-10) 6 (3-9) <.001
Radiographic evidence of pneumonic infiltration, no. (%) 810 (80.8%) 1566 (92.4%) <.001 0.346 0.005
Supplemental oxygen, no. (%) 464 (44.6%) 1610 (95.0%) <.001 1.315 0.003
Duration of hospitalization before first dose of remdesivir, days 1(0-1)
Duration of symptoms before first dose of remdesivir, days 7 (4-10)
Duration of hospitalization before first dose of dexamethasone, days 1(0-1)
Duration of symptoms before first dose of dexamethasone, days 7 (4-10)
Length of stay, days 7 (3-13) 7 (5-14) <.001
Time to discharge, days 6 (2-13) 7 (5-11) <.001
0-3 days 292 (34.5%) 186 (12.6%)
4-6 days 153 (18.1%) 480 (32.4%)
7-12 days 170 (20.1%) 436 (29.4%)
>13 days 231 (27.3%) 379 (25.6%) <.001
Time to death, days 8 (5-13) 14 (8-20) <.001
0-3 days 30 (14.5%) 16 (75%)
4-6 days 43 (20.8%) 25 (11.7%)
7-12 days 82 (39.6%) 59 (27.7%)
>13 days 52 (25.1%) 113 (53.1%) <.001
Instigation of mechanical ventilation
<24 hours 29 (2.8%) 20 (1.2%) 0.004
<30 days 154 (14.6%) 153 (9.0% <.001
Survival
Deceased <30 days 207 (19.7%) 213 (12.6%) <.001

Values are frequencies with percentages or medians with an interquartile range (IQR).

Abbreviations: COPD, chronic obstructive pulmonary disease; IPTW, inverse probability of treatment; SMD, standard mean difference.

compared to the individuals receiving only SOC. The dis-
tribution of comorbidity was comparable for both periods,
except for “other” comorbidity that was more common in
the remdesivir and dexamethasone treated. Unweighted
standardized mean differences (SMDs) ranged from 0.025
to 1.315 for age, sex, comorbidities, infiltration, and supple-
mental use of oxygen. After IPTW, the SMDs ranged from
0.004 to 0.017.

Median time to initiation of remdesivir and dexamethasone
treatment was similar at 1 (IQR 0-1) day after admission and
7 (IQR 4-10) days after symptom onset.

The median length of hospital stay was 7 days in both periods.
The median time to discharge increased by 1 day. However, the
time to discharge varied markedly with more individuals dis-
charged within 3 days during the early period (34.5%) com-
pared to the later period (12.6%) (Table 1).

Thirty-day Mortality

Survival status at day 30 after admission was ascertained for
100% of the 2 cohorts. Figures 1 and 2 show changes in overall
30-day mortality during the study as well as changes in the
number of daily admissions. During February through May,
the overall 30-day mortality was 19.7%, from June through
July it declined to below 10%, and from August it stabilized
below 15%. The median time to death among those who died
increased significantly during the later period (14 days [IQR
8-20]) compared to the early period (8 [IQR 5-13]) corre-
sponding to 46.9% of death occurring before day 14 in the later
period, whereas 74.9% had occurred in the early period by day
14 (Figure 2). The crude OR of 30-day mortality was 0.58 (95%
CI: .46-.74) for SOC with remdesivir and dexamethasone com-
pared to SOC alone. After weighting, the OR was 0.47 (95% CI:
.38-.57, P < .0001).
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Figure 1.  Thirty-day survival for hospitalized patients (upper panel) and daily admissions (/ower panel) with COVID-19 according to calendar time period. Abbreviation:

COVID-19, coronavirus disease 2019.

Mechanical Ventilation

From February through May, 154 (14.6%) individuals had respi-
ratory failure requiring MV, and from June through December,
153 (9.0%) required MV (Table 1 and Figure 2). The crude OR
was 0.58 (95% CI: .46-.74). After weighting, the OR of MV was
0.36 (95% CI: .29-.46, P < .0001) for individuals treated with
remdesivir and dexamethasone compared to SOC alone.

DISCUSSION

Here we show that 30-day mortality and need of MV was signifi-
cantly lower in individuals receiving SOC with remdesivir and dex-
amethasone compared to individuals treated before remdesivir and
dexamethasone was SOC. The benefit appeared to occur 4-5 days
after admission. Time to death changed over the 2 periods with sig-
nificantly more deaths occurring early in the early period compared
to the later period. This is the first study to our knowledge to report
a survival benefit of patients treated with remdesivir and dexameth-
asone in addition to initial SOC for COVID-19.

Our nonrandomized data do not permit any distinction be-
tween theindividual effects of each of remdesivir and dexameth-
asone or other interventions on outcomes of COVID-19. SOC

for moderate to severe COVID-19 in Denmark was initially
supplemental oxygen, antipyretics, and thromboprophylaxis.
Other changes in SOC may nevertheless have influenced our
results although use of undocumented interventions remain
infrequent outside clinical trials in Denmark. The analysis by
Garibaldi et al suggested that remdesivir plus dexamethasone
did not improve 28-day survival [7]. However, the cohort was
smaller and experienced fewer deaths than our cohort, thus
limiting power to detect differences. In the ACTT-1 trial pa-
tients receiving supplemental oxygen had a reduced 14-day
mortality of 7.4 percentage points and 2.9 percentage points
for patients receiving MV (although the latter not statistically
significantly different) [1]. The Recovery trial reported a 2.9
percentage point reduction in 28-day mortality for patients re-
ceiving supplemental oxygen [2]. For patients on MV the re-
duction was 12.1 percentage points. In our study, <15% and
10% required MV, respectively. Although not directly compa-
rable the crude reduction in mortality in our cohort of 7.1 per-
centage points was higher than expected based on the Recovery
trial and in line with the ACTT-1 trial, suggesting a contribu-
tion of remdesivir and dexamethasone to the improvement in
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Figure 2.  Thirty-day survival (upper panel) and risk of mechanical ventilation (lower panel) for hospitalized patients with COVID-19 during February through May compared

to June through December 2020. Abbreviation: COVID-19, coronavirus disease 2019.

outcome. Should there by a contribution by remdesivir this
would be in contrast to results of the randomized clinical trials
[6]. The discrepancy would likely be explained by the fact that
the remdesivir trials included individuals with a wider range
of disease severities of COVID-19 where our population pre-
dominantly included individuals with hypoxemic COVID-19
similar to the subgroup of ACTT-1 that benefitted the most in
terms of survival.

The population-based nationwide design with complete fol-
low-up is a strength of the study. However, residual confounding
by unmeasured variables may have influenced outcome estimates
although results were robust using methodology to account for dif-
ferences in cohort composition. Regardless, the results of a before-
and-after study should be interpreted with caution.

In conclusion, individuals with COVID-19 who received
remdesivir and dexamethasone in addition to SOC had reduced
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30-day mortality and need of MV compared to individuals
receiving SOC.
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