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Summary

Among hospitalised patients with moderate COVID-19, early initiation of remdesivir was
associated with significantly shorter time to clinical improvement, low viral load and positive
IgG antibody, a shorter length of hospital stay, and a significantly lower risk of in-hospital
death.
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Abstract

Background: Evidence remains inconclusive on any significant benefits of remdesivir in
mild-to-moderate COVID-19 patients. This study explored the disease progression, various
clinical outcomes, changes in viral load, and costs associated with early remdesivir treatment
among COVID-19 patients.

Methods: A territory-wide retrospective cohort of 10,419 patients with COVID-19
hospitalized from 21% January 2020 to 31® January 2021 in Hong Kong were identified. Early
remdesivir users were matched with controls using propensity-score matching in aratio of up
to 1:4. Study outcomes were time to clinical improvement on the WHO clinical progression
scale of at least 1 score; hospital discharge; recovery; viral clearance; low viral load; positive
IgG antibody; in-hospital death; and composite outcomes of in-hospital death, requiring
invasive ventilation or intensive care.

Results: After multiple imputation and propensity-score matching, the median follow-up was
14 days for both remdesivir (n=352) and control (n=1,347) groups. Time to clinical
improvement was significantly shorter in the remdesivir group than that of control (hazard
ratio (HR)=1.14, 95%CI 1.01-1.29, p=0.038), as well as-for achieving low viral load
(HR=1.51, 95%CI 1.24-1.83, p<0.001) and positive IgG antibody (HR=1.50, 95%CI 1.31-
1.70, p<0.001). Early remdesivir treatment was associated with a lower risk of in-hospital
death (HR=0.58, 95%CI 0.34-0.99, p=0.045), in addition to a significantly shorter length of
hospital stay (difference -2.56 days, 95%CI -4.86 to -0.26, p=0.029), without increasing the
risks of composite outcomes for clinical deterioration.

Conclusions: Early remdesivir treatment could be extended to hospitalized patients
presenting with moderate COVID-19 and not requiring oxygen therapy on admission.

Keywords: COVID-19; remdesivir; clinical improvement; antiviral activity; cost
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Introduction

By May 2021, the antiviral agent remdesivir remains the only drug approved by the US Food
and Drug Administration as a treatment option for Coronavirus Disease 2019 (COVID-19),
which has been recommended for patients with moderate disease requiring low-flow
supplemental oxygen, given its demonstrated benefits in reducing mortality and time to
recovery . While some systematic reviews have suggested potential benefits of remdesivir
in facilitating recovery and clinical improvement, lowering the odds of mortality and
progression to mechanical ventilation or extracorporeal membrane oxygenation (ECMO),
shortening the time to hospital discharge and length of stay (LOS); others have shown no

significant differences versus placebo/standard care >**.

Consistent with the mechanism of remdesivir in inhibiting viral replication at the early stage
of COVID-19, several studies have identified potentially better outcomes when this antiviral
was introduced early prior to the development of host-hyperinflammatory response, for
example, within the first ten days of symptom onset, or the first three days of hospital
admission 1***17_ Besides, accumulating evidence has suggested similar or more desirable
outcomes with 5-day versus 10-day course of remdesivir treatment in COVID-19 patients,
accompanied by lower drug cost and utilization of the limited healthcare resources 3318,
However, questions remain concerning the treatment efficacy in selected patient subgroups,
when used in combination with other medications, virological dynamics, and long-term
safety of remdesivir *>*’! This population-based observational study aims to explore the
disease progression, various clinical outcomes, changes in viral load, and direct medical costs

associated with early initiation of 5-day remdesivir treatment in COVID-19 patients.

Methods

Data source and study population

Individual patient data from a territory-wide retrospective cohort of all hospitalised patients
with laboratory-confirmed COVID-19 in Hong Kong, China were analysed, covering the
period from 21% January 2020 to 31* January 2021. All patients with positive reverse
transcription polymerase chain reaction (RT-PCR) results were admitted to local public
hospitals. Our cohort was fully representative of the region, with a wide spectrum of disease

severity including asymptomatic, non-severe, severe, and critically ill cases.
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In the latest Hong Kong Hospital Authority interim drug treatment handbook for COVID-19,
interferon-beta-1b has been recommended as backbone therapy *°. Early administration of
subcutaneous interferon-beta-1b (250mcg on alternate day for a maximum of 7 doses up to 14
days) provided clinical benefits to mild-to-moderate patients 2°. Intravenous remdesivir
(200mg on the first day and 100mg once daily on subsequent days), an approved treatment
for COVID-19 patients in Hong Kong since July 2020, is a potential antiviral drug option for
high-risk patients with mild-to-moderate COVID-19, and a suggested therapeutic for those

with severe and critical diseases °.

Treatment exposure and follow-up period

Patients receiving early treatment with remdesivir were defined as those:who had initiated
remdesivir intravenously within the first two days of admission. Treatment exposure period
was set at two days to mitigate selection bias due to heterogeneity-of treatment initiation days
between patients, and immortal time bias due to the time difference between admission and
treatment initiation 2. Patients who had initiated remdesivir after two days of admission or
those who did not receive any remdesivir during hospitalisation would serve as the control
group. Patients were observed from the day of admission until in-hospital death, hospital
discharge, treatment crossover (i.e. control patients were censored at the initiation of
remdesivir), or the censoring date of 30" April 2021, whichever came first. Accordingly, this
study focused on comparing the outcomes of early remdesivir use (exposed) versus no

remdesivir use at all (control).

Outcome definition

WHO clinical progression scale provides a measure of disease severity with scores from 0
(non-infected)-to 10 (dead) for COVID-19 clinical status assessment *. Study outcomes were
time to clinical improvement on the WHO clinical progression scale of at least 1 score;
hospital discharge (score <3); recovery without the need for oxygen therapy (score <4); viral
clearance (first negative PCR result); low viral load (cycle threshold (Ct) value >35 cycles);
positive antibody against COVID-19 (first detection of 1gG antibody); composite outcome of
in-hospital death or invasive mechanical ventilation (score >7); composite outcome of in-
hospital death or invasive mechanical ventilation (score >7) or admission to the intensive care
unit (ICU); composite outcome of in-hospital death, invasive mechanical ventilation,
vasopressors, dialysis, or ECMO (score >9); and in-hospital death (score 10).
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Time from admission to discharge among survivors was measured. The criteria for hospital
discharge were (i) two consecutive negative clinical specimens 24 hours apart (ii) positive
antibody against COVID-19, and (iii) clinically stable as determined by attending medical
staff. Mean WHO clinical progression scale score, clinical severity status, and cumulative
direct medical costs on day (day-0), seven days (day-7), 15 days (day-15), 30 days (day-30),
60 days (day-60) and 90 days (day-90) after admission were reported. Unit costs of
remdesivir per vial, hospitalisation at general ward or ICU, emergency department visit,
polymerase chain reaction tests, tracheostomy, dialysis, and ECMO were referenced to

official price list * and Hong Kong Government Gazette ® (Supplementary Table 1).

Data analysis

Descriptive statistics of baseline characteristics between the remdesivirand control groups
before and after propensity-score matching (described below) were presented as count and
proportion for categorical variables, and mean and standard deviation (SD) for continuous
variables. Missing laboratory data on admission were imputed 20 times using other
parameters such as sex, age, pandemic waves, living regions, attended hospitals, emergency
department admission, clinical presentation (symptomatic or asymptomatic), clinical severity
defined by the WHO clinical progression scale *, progression risk defined by the 4C mortality
score 2%, pre-existing comorbidities, use of long-term medications, and concomitant use of
interferon-beta-1b within two days-of admission using multiple imputation by chained
equations (MICE) ?’. Te'minimize residual confounding biases due to imbalance in baseline
characteristics, a logistic regression model was performed to estimate the propensity score for
each patient in treatment group through the covariates used in multiple imputation, and
baseline readings-of white blood cell, neutrophil count, lymphocyte count, platelet count,
lactate.dehydrogenase (LDH), creatine kinase, total bilirubin, C-reactive protein (CRP), and
Ct value. The set of covariates in each group had data completion rates of >90%
(Supplementary Table 2). Remdesivir users were then matched with controls using the
propensity-score matching up to 4 controls for every remdesivir user, using the caliper width
of 0.05. Standardized mean difference (SMD) assessed balance of baseline covariates
between treatment groups, with SMDs <0.2 implying sufficient balance after propensity-

score matching %.
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Hazard ratios (HR) of event outcomes were estimated using Cox regression models.
Differences in WHO clinical progression scale scores between treatment groups on admission
and follow-up days were tested using linear regression. Differences in cumulative direct
medical costs between groups on admission and follow-up days were tested using generalised
linear model with gamma distribution and log-link. Among survivors, time from hospital

admission to discharge was compared between groups by linear regression.

Sensitivity analyses were conducted on 1) the removal of hospital discharge as a censoring
criterion, hence all patients were observed until the last follow-up or study end date; 2)
restriction of the follow-up period to 30 days since admission; 3) restriction‘of the follow-up
period to 90 days; and 4) including only remdesivir users who had completed the 5-day
standard regimen. Effects of early remdesivir treatment on study outcomes were also
examined in several patient subgroups, namely by age (<65 and >65 years), sex, WHO scores
on admission (score 4 and scores 5-6), receipt of other therapeutics for COVID-19 during
hospitalisation (interferon-beta-1b and dexamethasone), ICU admission, and pre-existing
comorbidities (hypertension and diabetes).

All data analyses were performed using Stata Version 16 (StataCorp LP, College Station,
TX). All significance tests were two- tailed. P values <0.05 were taken to indicate statistical

significance.

Results

Patient cohort

Among 10,459 patients diagnosed with COVID-19 infection between 21 January 2020 and
31*"January'2021 in Hong Kong, 10,419 patients were hospitalised, of whom 411 had
received early remdesivir treatment, while 10,008 patients received remdesivir after the first
two days of admission (n=450) or had not received any remdesivir (n=9,558). After multiple
imputation and propensity-score matching, the median follow-up was 14 days for both
remdesivir (n=352) and control (n=1,347) groups, and the total person-days of follow up

were 7,218 and 26,457, respectively.

Baseline characteristics of patients in the two groups are presented in Table 1. Hypertension
and diabetes were the two most common comorbidities of hospitalised patients, which was
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also evident in other clinical trials and observational studies of remdesivir #1323 Among
patients who were clinically symptomatic, the mean duration from symptom onset to hospital
admission was 3.7 (SD 3.0) and 3.9 (SD 3.9) days in remdesivir and control groups,
respectively. Except for CRP reading on admission, all baseline characteristics were balanced
between groups with SMDs <0.2 after multiple imputation and propensity-score matching,
including the 4C mortality score for in-hospital death prediction %°. Density plot of propensity

scores in the two groups indicated a high amount of overlap (Supplementary Figure 1).

The median duration of remdesivir treatment was five days with a cumulative dosage of
600mg, while the median time from admission to treatment initiation was one day:in the
remdesivir group. 154 (11.4%) patients in the control group were administered remdesivir
after a median of five days since admission, whose follow-up was censored at treatment

Crossover.

Clinical improvement, hospital discharge, and recovery

Clinical severity status, derived from scores on the WHO clinical progression scale, of the
two groups on admission and follow-up dayswere depicted in Figure 1. Patients on early
remdesivir treatment had significantly.lower scores since day-30 (p=0.020) after admission
compared to control (Figure 2a). Time to clinical improvement by at least 1 score on the
WHO clinical progression scale (median: 13 vs 14 days; HR=1.14, 95%CI 1.01-1.29,
p=0.038) was significantly shorterin'the remdesivir group than that of matched control
(Table 2 and Figure 3). The same trend could be observed across the subgroup and sensitivity
analyses (Supplementary Tables 3 and 4). Among survivors, early remdesivir treatment was
associated with a significantly shorter LOS (-2.56 days, 95%CI -4.86 to -0.26, p=0.029).
However, time to-hospital discharge (HR=1.06, 95%CI 0.93-1.20, p=0.372) or recovery
(HR=1.16, 95%CI 0.87-1.57, p=0.314) was not significantly different between the two

groups.

Viral clearance, low viral load, and positive antibody

Early remdesivir treatment was associated with a significantly greater increase in Ct value on
day-7 (p=0.042) compared to control (Figure 2b). Time to low viral load (median: 9 vs 10
days; HR=1.51, 95%CI 1.24-1.83, p<0.001) and positive IgG antibody (median: 6 vs 7 days;
HR=1.50, 95%CI 1.31-1.70, p<0.001) were significantly shorter among early remdesivir
users than matched controls (Table 2 and Figure 3). These significant results persisted or
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indicated trends towards benefit in all subgroup and sensitivity analyses (Supplementary
Tables 3 and 4). However, time to viral clearance was not significantly different between the
two groups (HR=1.06, 95%CI 0.87-1.30, p=0.552).

Costs

Mean direct medical costs incurred by patients of the two groups over the follow-up period
were displayed in Figure 2c. Remdesivir users incurred significantly higher cumulative costs
from admission to day-60 than their control counterparts, yet converged on day-90
(US$32,183 vs US$27,056, p=0.096).

In-hospital death and composite outcomes of serious complications

Early remdesivir treatment was associated with a marginally lower risk-of in-hospital death
(median: 33 vs 15 days; HR=0.58, 95%CI 0.34-0.99, p=0.045) compared to control (Table 2
and Figure 3). Such observation mostly persisted across the subgroup and sensitivity analyses
(Supplementary Tables 3 and 4). However, there were-no significant differences in the risks
of composite outcomes inclusive of in-hospital death, invasive mechanical ventilation, ICU
admission, vasopressors, dialysis, or ECMO between the two groups (Table 2 and

Supplementary Figure 2).

Discussion

In this population-based cohort of COVID-19 patients hospitalised with mainly moderate disease and
not requiring any oxygen therapy, early administration of 5-day remdesivir treatment was associated
with significantly shortertime to clinical improvement, low viral load and positive IgG antibody, a
shorter hospital LOS;and a lower risk of in-hospital death than control. Notably, these beneficial
effects.were also observed in subgroup and sensitivity analyses, supporting their robustness over
varying follow-up periods, across different patient characteristics and drug combinations for COVID-

19.

In a randomised clinical trial with over 80% of COVID-19 patients hospitalised with moderate disease
and not requiring any supplemental oxygen, remdesivir was similarly introduced after a median of
two days since admission, and the 5-day course was associated with better clinical status on a 7-

point ordinal scale at days 11 and 14 of follow-up compared to standard care 2. Our results
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indicated that such pattern was also evident from day-30 to day-90 using the WHO clinical
progression scale, with remdesivir-treated patients obtaining significantly lower scores than their
control counterparts. In the previous study, time to clinical improvement with remdesivir treatment
was not significantly different from that of standard care *%; yet our results suggested otherwise, and
such faster progression to clinical improvement might be relevant in certain resource-limited
healthcare settings. In addition to confirming the modest benefit of early remdesivir treatment in
shortening the hospital LOS in this patient subgroup, the lower risk of mortality associated with this

antiviral therapy managed to reach statistical significance in our cohort %48,

The current literature has mostly examined clinical outcomes associated with remdesivir treatment
in COVID-19 patients requiring supplemental oxygen but not mechanical ventilation or ECMO at

baseline. Either significant benefits or no considerable differences from placebo/standard care have
been reported with remdesivir treatment on the time to clinical improvement or recovery, initiation

12162932 \Most importantly,

or duration of respiratory support, mortality, hospital LOS and discharge
remdesivir treatment has generally been associated with a lower incidence or risk of serious adverse
events than the control group, including respiratory failure in COVID-19 "#'*>%8 |n this study, early
remdesivir treatment in COVID-19 patients with- moderate disease was not associated with any
increased risks of clinical deterioration as.illustrated by the composite outcomes of serious
complications. Therefore, our results could lend support to extending this antiviral therapy to
COVID-19 patients with WHO/score 4'in situations where drug supply and healthcare resources are
available, or following prioritisation to those with score 5, as proposed by a review article on the role

of remdesivir in hospitalised COVID-19 patients stratified by baseline severity, suggesting some

potential benefits among those breathing ambient air *.

While in vitro and in vivo studies have demonstrated antiviral activity of remdesivir with reduced
viral load, especially in the lungs, evidence is still lacking in translating such observation to the

3334 A few studies did identify reduced viral load over follow-up or measure viral

clinical setting
clearance at day 7, yet no significant benefits of remdesivir in producing a larger reduction or a more
rapid decline could be determined compared to control ***>*%*, Limited evidence also recognised
that remdesivir might not have a significant impact on IgG antibody levels or neutralisation potency
3> Meanwhile, our study established significant benefits of attaining low viral load and positive 1gG

antibody more rapidly, in addition to a trend towards faster viral clearance, among patients with
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moderate COVID-19 on early remdesivir treatment than those who were not. These are in line with
findings that antibody response may help prevent disease progression, as well as promoting viral

3637 As our remdesivir and control

clearance or even shortening the duration of viral shedding
groups had comparable Ct values at baseline, earlier antibody response among remdesivir-treated
patients could not be explained by a higher viral load *’. Further research is needed to delineate any

effects of remdesivir on the virological dynamics of COVID-19.

Corresponding to the increased cost for drug acquisition, the cumulative direct medical costs
incurred by remdesivir-treated patients were significantly higher than those receiving standard care.
Interestingly, the higher cumulative direct medical cost of remdesivir group was no longer
significantly different from that of control on day-90 in this cohort. This may implythat over a longer
follow-up period, remdesivir treatment could offer clinical benefits to patients with moderate
COVID-19, without imposing a significantly higher burden on medical expenses. Assuming a survival
benefit with remdesivir, an updated report has concluded that it may be cost-effective among
patients with moderate-to-severe COVID-19, as the:drug cost could be offset by its effect on limiting

clinical deterioration, on top of associated increases in quality-adjusted life years *.

Using a population-based cohort of patients with mainly moderate COVID-19, this study could add
substantial evidence to exploring the'early use of remdesivir in hospitalised COVID-19 patients not
requiring any oxygen therapy-on admission. Besides, the WHO clinical progression scale was adopted
to facilitate the comparison of results with other studies. Nevertheless, some key limitations of this
study should be addressed. Firstly, while propensity-score matching had been performed as an
attempt to balance the baseline characteristics of treatment groups, our findings could be affected
by residual or unmeasured confounding biases. Further studies with larger sample sizes are needed.
Secondly, the vast majority of patients presented with moderate COVID-19 at baseline, albeit
comprising non-selective and consecutive cases from public hospitals in Hong Kong, which was
similar to the distribution of clinical severity among reported cases in China *. Therefore, our results
might not be applicable to patient populations with a different spectrum of disease severity. Lastly,
heterogeneity across studies will likely persist with the evolving, local clinical guidelines of COVID-19
management in different geographical regions and different time periods of the pandemic; thus, our
findings might not be generalisable to other healthcare settings, not to mention our relatively

stringent criteria for hospital discharge. This calls for a cautious interpretation of our cost results,
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and additional studies to evaluate the cost-effectiveness of early remdesivir treatment in specific

patient populations.

This population-based cohort study of patients with mainly moderate COVID-19
demonstrated that early initiation of 5-day remdesivir treatment within two days of admission
was associated with significantly shorter time to clinical improvement, low viral load and
positive IgG antibody, a shorter hospital LOS, and a lower risk of in-hospital death compared
to not using the antiviral drug. Accordingly, early remdesivir treatment could be extended to
patients presenting with moderate disease but not requiring oxygen therapy on ‘admission, all

without increasing the risks of requiring invasive ventilation or intensive care.
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Figure Legends

Figure 1. Comparison of clinical status by days from admission in COVID-19 patients who
received early treatment with remdesivir and those who did not

Figure 2. Mean and 95% confidence interval of WHO Clinical Progression Scale Score (a),
Ct value (b), and cumulative direct medical costs (USD) (c) of COVID-19 patients in those
who received early treatment with remdesivir and those who did not

Figure 3. Kaplan-Meier survival curves for clinical improvement on WHO clinical

progression scale, low viral load, 1gG antibody, and in-hospital death between COVID-19
patients in those who received early treatment with remdesivir and those who did not
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Table 1. Baseline characteristics of COVID-19 patients in those who received early treatment with
remdesivir and those who did not before and after multiple imputation and propensity score matching

Before matching Aftermatching
Remdesivir Control Remdesivir Control
(n=411) (n=10,008) S (n=352) (n=1,347) S
Baseline characteristics M M
vex %7 wmea %! DI o %/ e %/ DY
N SD 0 SD [ SD 0 SD
Age, years T 65.7 143' 445 1?' 19'30 65.2 1?' 66.7 1?' Oil
(43. 850 (85.° 0.9 (44. (46. 0.0
<65 178 %) 7 0%) .7 156 3%6) 624 30%) 4
(56. 1,50 /(15. (55. (53.
>65 233 %) 1. 0%) 196 7%) 723 7%)
Sex
(57..479 (47. 0.2 (56. (54. 0.0
Male 237 %) 8 9%) 0 198 3%) 738 8%) 3
(42. 521 (52 (43. (45.
Female 174 3%) 0 1%) 154 8%) 609 206)
Pandemic wave
1 and 2 (18th Jan 2020 - 30th (2.9 (10. 0.3 (96. (6.6 0.1
Apr 2020) 127 gy 1926 390 0 30 6y B g 5
3 and 4 (1st May 2020 to 31st (97. (89. (0.0 (93.
Jan 2021) 39 1oy 8982 5y 0 o 1298 Ly
. » (81. 6,97 (69. 0.2 (81. (80. 0.0
Symptomatic on admission 335 59%) 6 %) 8 288 8%) 1083 a%) 4
da;/l'slr?efromonsettoadm|55|0n, 39 33 41 46 0‘.10 37 30 39 39 040
Living region
New Territories or Hong Kong (60. (55. 0.1 (60. (53. 0.1
Island 248 305 % 4900 0 2% 8oy 0 5y 5
(39. (44. (39. (45.
Kowloon or Others 163 7%) 4462 6%) 138 20%) 617 8%)
First attended hospital
. (23. (22. 0.0 (21. (23. 0.0
Acute hospital 97 6%) 2209 1%) 4 76 6%) 320 8%) 5
) . (76. (77. (78. (76.
Non-acute hospital 314 4%) 7799 9%) 276 4%) 1027 206)
Pre-existing comorbidities on
admission
. (61. 2,15 (21. 08 (58. (58. 0.0
Hypertension 253 6%) 3 6%) 9 204 0%) 793 %) 2
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Diabetes mellitus
Chronic heart disease
Chronic lung disease
Chronic kidney disease
Liver disease

Malignancy
Long-term medications

ACEI/ARB
Antiplatelet
Lipid-lowering agent

NSAID

Concomitant use of interferon-f3-
1b within 2 days of admission
Admission via emergency
department

Clinical severity on admission§

Score (range 0-10)

No oxygen therapy (Score 4)

Supplemental oxygen without
ventilation (Score 5-6)

Mechanical ventilation (Score
7-9)
4C mortality score on admission
(range 0-21) f
Laboratory parameters on
admission [normal range]f

White blood cell, x10%/L [3.7-
9.2 x10%/L]

Neutrophil, x10%/L [1.7-5.8
x10%L]

Lymphocyte, x10%/L [1.0-3.1
x10%/L]

Platelet, x10%L [145-370
x109/L]

Lactate dehydrogenase, U/L
[110-210 U/L]

Creatine kinase, U/L [26-192
U/L]

Total bilirubin, pmol/L [5-27
umol/L]

C-reactive protein, mg/L [<50
mg/L]

177

59

50

41

36

12

123

77

174

86

214

214

4.6

297

105

6.6

6.0

4.5

1.0
187.

328.

304.

9.1

63.8

(43.
1%)
(14.
4%)
(12.
2%%)
(10.
0%)
(8.8
%)
(2.9
%)

(29.
9%)
(18.
7%)
(42.
3%)
(20.
9%)
(52.
1%)
(52.
19%)

1.0

(72.
3%)
(25.
6%)
(2.2
%)

3.3

2.6
2.5

05
63.

153
495

6.4
62.

1,08

337
363
234
450

108

906
539
1,12
751
2,51

3,25

41
9551
445
12

2.4

5.7
3.6

15
228.

206.

138.

8.6

12.8

(10.
896)
(3.4
%)
(3.6
%)
(2.3
%)
(45
%)
(1.1
%)

(9.1
%)
(5.4
%)
(11.
2%)
(7.5
%)
(25.
2%)
(32.
506)

0.4

(95.
49%)
(4.5
%)
0.1
%)

2.8

21
1.8

0.8
74.

73.
251

6.7
28.

0.3

0.3

0.3

0.1

0.1

05

0.4

0.7

0.3

0.5

0.4

1.0

0.6

131

46

40

31

27

12

103

61

135

70

174

173

4.4

279

68

6.2

5.8

4.2

1.0
189.

299.

270.

9.1

53.4

(37.
2%)
(13.
1%)
(11.
49%)
(8.8
%)
(7.7
%)
(3.4
%)

(29.
3%)
(17.
3%)
(38.
49%)
(9.
9%)
(49.
4%)
(49.
1%)

0.9

(79.
3%)
(19.
3%)
(1.4
%)

3.2

2.2
2.1

05
64.

120
452

6.8
54.

502

167

149

119

117

36

400

230

538

260

757

688

4.3

1122

215

10

6.2

5.4

3.9

1.0
184.

275.

227.

8.8

41.7

(37.
3%)
(12.
4%)
(11.
1%)
(8.8
%)
(8.7
%)
2.7
%)

(29.
7%)
(17.
1%)
(39.
9%)
(19.
3%)
(56.
2%)
(51.
1%)

0.8

(83.
39%)
(16.
0%)
0.7
%)

3.2

2.3
2.2

0.4
59.

122
467

6.0
53.

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.1

0.0

0.1

0.1
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Cycle threshold value, cycle 221 54 244 7.2 Oé3 221 56 219 65 Oéo

Note: ACEI = angiotensin converting enzyme inhibitor; ARB = Angiotensin receptor blockers;
NSAID = Nonsteroidal anti-inflammatory drugs; SD = standard deviation; SMD = standardized mean
difference

1 Age, time from onset to admission, clinical severity, 4C mortality score, and laboratory parameters
on admission are presented in mean + SD

8 Clinical severity is classified according to WHO Clinical Progression Scale

9 SMD of <0.2 indicates covariate balance between remdesivir and matched control groups
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Table 2. Comparison of clinical improvement on WHO clinical progression scale, hospital discharge,
recovery, in-hospital death, and composite outcomes between COVID-19 patients in those who
received early treatment with remdesivir and those who did not

Remde Remdesivir vs
L Control
sivir Control
H 0 P-
Outcomes %(N) %(N) R 9(5;/0 valu
T e
Clinical improvement on WHO clinical progression 96.3% 84.0% 1. (101, 0.03
scale by > 1 score (352) (1,347) 14 1.29) 8
. . 94.0% 81.3% 1. (0.93,. 0.37
Hospital discharge (score < 3) (352) (1.347) 06 1.0) 5
83.6% 59.6% 1. (0.87, 0.31
Recovery (score < 4) (73) (225) 16 157 4
. . . 36.1% 304%.. 1. (0.87, 0.55
Viral clearance (first negative PCR result) (352) (1.347) 06" 1.30) 5
. 40.6% 281% . 1. (124, <O.
Low viral load (Ct value > 35) (352) (1347) 51 183) 001
10G antibod 94.0% .804% 1. (131, <O.
g y (352). (1,347) 50 1.70) 001
H 0 P-
Outcomes %(N) %(N) R 9(5:IA> valu
I e
In-hospital death or invasive mechanical ventilation 10.7% 11.3% 0. (0.67, 0.79
(score >7) (347)  (1,337) 95 1.37) 6
In-hospital death or invasive mechanical ventilation 5.9% 6.8% 0. (055, 0.74
(score > 7) or intensive care unit admission (290) (1,184) 92 1.53) 7
In-hospital death, invasive mechanical ventilation, 6.0% 6.6% 0. (055, 0.55
vasopressors, dialysis, or ECMO (score > 9) (350) (1,342) 87 1.38) 6
. _ 4.3% 6.7% 0. (0.34, 0.04
In-hospital death (score = 10) (352) (1,347) 58 0.99) 5

Note: HR = hazard ratio; Cl = confidence interval;

+ HR >1 (or.<l) indicates early treatment with remdesivir was associated with better (worse) clinical
improvement, early (late) hospital discharge, recovery, viral clearance, low viral load, or IgG antibody
compared.to the matched control group;

I HR >1 (or <1) indicates early treatment with remdesivir was associated with higher (lower) risk of
in-hospital death and composite outcomes compared to the matched control group.
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Figure 3
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