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ABSTRACT

Background: The effectiveness of remdesivir in patients with coronavirus disease 2019

(COVID-19) and severe renal insufficiency remains underexplored.

Objectives: To evaluate whether remdesivir reduces the risk of mortality or invasive
mechanical ventilation/extracorporeal membrane oxygenation (IMV/ECMO) in this

population.

Methods: This retrospective observational study utilizing the COVID-19 Registry Japan
(COVIREGI-JP) included noncritical patients with COVID-19 and severe renal insufficiency
(defined as serum creatinine levels >3 mg/dL, on maintenance dialysis, or kidney transplant
recipients) admitted to Japanese hospitals within 7 days of symptom onset between January 1,
2020, and May 8, 2023. Patients were classified into the remdesivir group if remdesivir was
initiated within the first 2 days of admission. We estimated the multivariable-adjusted hazard
ratio (HR) for mortality and initiation of IMV/ECMO using landmark analysis to address

immortal time bias.

Results: Among the 1,449 patients included in the landmark analysis (median age, 74 years
[interquartile range 62—-84 years]; 992 [68.5%] were male), 272 initiated remdesivir within the
first 2 days of admission. During the 28 days from the landmark timepoint, 19 (7.0%) and 136
(11.6%) patients in the remdesivir and control groups, respectively, had an outcome. The
remdesivir group had a lower risk of mortality or IMV/ECMO initiation than the control group

(adjusted HR, 0.44; 95% confidence interval, 0.23-0.83).

Conclusions: In noncritical patients with COVID-19 and severe renal insufficiency at
admission, initiating remdesivir early after disease onset, within the first 2 days of admission,
led to a lower risk of mortality or IMV/ECMO initiation, compared with non-initiation of

remdesivir.
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INTRODUCTION

According to the World Health Organization (WHO), as of March 2024, coronavirus
disease 2019 (COVID-19) had resulted in 7 million deaths [1]. Effective vaccines have become
widely available. However, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
variants have emerged, along with breakthrough infections due to decreasing vaccine efficacy
over time [2]. Thus, antiviral agents remain an important tool against COVID-19, especially in
high-risk patients. The antiviral agent remdesivir has shown effectiveness in meta-analyses as a
treatment for COVID-19 [3]. Remdesivir is indicated for patients with COVID-19 who are
non-hospitalized and at high risk of progression to severe disease; hospitalized, at high risk of
progression to severe disease, and do not require supplemental oxygen; and hospitalized and
require low-flow supplemental oxygen [4, 5]. Remdesivir is recommended for administration
within 7-10 days of symptom onset, as it provides the greatest benefit when administered early

in the course of the disease [4-6].

Patients with COVID-19 and chronic kidney disease (CKD) have a higher risk of
mortality than those without CKD [7]. Despite the need for treatment options for patients with
severe renal insufficiency, this population has been excluded from most randomized controlled
trials (RCTs) examining the efficacy of remdesivir [8-10]. This exclusion was primarily due to
concerns about the potential toxicity of sulfobutylether-B-cyclodextrin (SBECD) accumulation
[11]. However, the safety of remdesivir in this population has been indicated by a recent
randomized controlled trial (REDPINE trial) [12] and several observational studies [13-16].
Currently, the U.S. Food and Drug Administration approves the use of remdesivir without dose
adjustment in patients with an estimated glomerular filtration rate (¢GFR) of <30 mL/min/1.73
m? [17]. However, this is an extension of the indication from a safety perspective, and the
effectiveness of remdesivir for patients with COVID-19 and severe renal insufficiency remains

unknown.
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Thus, this study aimed to evaluate whether early initiation of remdesivir in patients
with COVID-19 and severe renal insufficiency reduces the risk of mortality or invasive

mechanical ventilation/extracorporeal membrane oxygenation (IMV/ECMO).

METHODS

1. Study design and setting

This retrospective cohort study utilized data from the COVID-19 Registry Japan
(COVIREGI-JP), a nationwide registry of inpatients with COVID-19 in Japan [18]. As of
March 2024, the COVIREGI-JP included more than 93,000 patients at 642 facilities. To assess
the effectiveness of remdesivir, we emulated a hypothetical target trial. In this trial, patients
with COVID and severe renal insufficiency within 7 days of symptom onset, as well as
noncritical patients (defined as those requiring low-flow oxygen or no supplemental oxygen),
were started on remdesivir within the first 2 days of admission. This study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting

guidelines [19].

2. Data collection

We modified the case report form of the International Severe Acute Respiratory and Emerging
Infection Consortium [20] to collect study data. Data collection and management were
conducted using Research Electronic Data Capture (REDCap), hosted at the Joint Center for
Researchers, Associates and Clinicians (JCRAC) data center of the National Center for Global

Health and Medicine.
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3. Participants

We included patients who met all of the following criteria: (1) patients with a positive
COVID-19 test result; (2) patients admitted to Japanese medical institutions between January 1,
2020, and May 8, 2023; and (3) patients with pre-existing severe renal insufficiency before
admission (serum creatinine >3 mg/dL, on maintenance dialysis, or kidney transplant
recipients). We excluded patients who met any of the following criteria: (1) aged <18 years; (2)
pregnant; (3) having aspartate aminotransferase (AST) or alanine aminotransferase (ALT)
levels >5 times the upper limit of normal; (4) already receiving high-flow oxygen on admission,
such as high-flow nasal cannula (HFNC), non-invasive positive pressure ventilation (NPPV),
IMV; (5) >7 days from symptom onset to admission; (6) started on remdesivir before

admission; (7) missing symptom onset date.

4. Definition of treatment strategy and exposure period

Assuming the target trial, patients were classified according to whether they started
remdesivir within the first 2 days after admission. In the main analysis, we defined the
exposure period as the period during which the following two conditions were met
simultaneously: (1) from symptom onset to the 7-day time point and (2) during the first 2 days

after admission (Figure 1).

5. Definition of covariates

Eight epidemic waves had occurred in Japan by May 8, 2023. Based on previous
studies, we have identified the following waves: first wave (January 16, 2020 to June 13,

2020); second wave (June 14, 2020 to October 9, 2020); third wave (October 10, 2020 to
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February 28, 2021); fourth wave (March 1, 2021 to June 20, 2021), fifth wave (June 21, 2021 to
December 16, 2021); sixth wave (December 17, 2021 to June 24, 2022); seventh wave (June 25,
2022 to October 15, 2022); and eighth wave (October 16, 2022 to May 8, 2023) [21, 22]. From
the sixth wave, Omicron strains dominated the epidemic. Patients were considered to have a
history of vaccination if they had completed at least a 2-dose primary series. Smoking status
was classified into three categories: current, past, and never. Comorbidities were based on
information obtained at admission. The National Early Warning Score (NEWS) [23] was used
as a continuous variable for COVID-19 severity at admission. Inmunocompromised status
was defined as meeting one of the following criteria: neutrophil count <500/uL, asplenia,
primary immunodeficiency syndrome, hematopoietic cell transplantation, solid organ
transplantation, corticosteroid use (prednisolone equivalent >20 mg/day for >1 month),
chemotherapy within the past 3 months, radiation therapy within the past 3 months, or
non-corticosteroid immunosuppressive drug use within the past 3 months. Neutralizing
antibody drug use was determined by whether patients received casirivimab/imdevimab or
sotrovimab. Immunomodulator use was determined based on whether patients received

tocilizumab or baricitinib.

6. Definition of the endpoint

The primary endpoint was the composite of death and IMV/ECMO. Patients were
followed up from the landmark time point for up to 28 days until the first occurrence of
discharge, transfer, or death. If discharged alive before 28 days, patients were right-censored at

28 days [24], and if transferred within 28 days, patients were censored at that time.

7. Statistical analysis



152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

Baseline summary statistics of the participants were calculated. Values are reported as

medians (interquartile ranges) or numbers (percentages), as appropriate.

The intention-to-treat (ITT) effect of starting remdesivir within 7 days of symptom
onset was estimated. Using the landmark method, we could evaluate the prognosis from the
landmark time point, addressing immortal time bias [25]. Using this approach, patients whose
outcomes occurred before the landmark time point were excluded from the analysis, and
patients were classified by exposure status during this period. As remdesivir initiation is
recommended within 7 days of symptom onset [5], the predefined day 7 of symptom onset was
used as the landmark time point for the primary analysis in this study. Patients were classified
into the remdesivir group if they were admitted to the hospital at the landmark time point (day
7 of symptom onset), and remdesivir was started within the first 2 days of admission (defined
as the exposure period). Unadjusted survival probability was estimated using the
Kaplan—Meier method. We estimated the adjusted hazard ratios (HRs) and their 95%
confidence intervals (CIs) for the initiation of remdesivir on outcome occurrence using Cox
proportional hazards regression. The following factors were adjusted for: sex, age, smoking
status, epidemic phase (waves 1-8), vaccination history, number of days from onset to
admission, physician-diagnosed obesity, hypertension, dyslipidemia, immunocompromised
status, Charlson comorbidity index (CCI), maintenance dialysis before admission, NEWS at
admission, absolute lymphocyte count, ALT, lactate dehydrogenase (LDH), C-reactive protein
(CRP), and use of anticoagulants before admission. To avoid over-adjustment owing to
intermediate factors, we adjusted for the following combination therapies for COVID-19 if
initiated before the end of the exposure period: neutralizing antibodies, immunomodulators,
corticosteroids, and molnupiravir. Log-log survival curves were used to assess the proportional
hazards assumption. A cluster-robust standard error was used to address clustering effects

across hospitals.
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7.1. Sensitivity analysis

Sensitivity analyses were performed to evaluate the robustness of the results: (1) The
landmark time points were set at days 5 and 10 of symptom onset. (2) In Japan, remdesivir was
approved late in the first wave of the epidemic (May 7, 2020); therefore, we excluded the first
wave because it was highly unlikely that all patients equally had the opportunity to receive
remdesivir in the first wave. (3) To account for the possibility of different baseline hazards at

different hospitals, we included hospitals as a random effect in the analysis.

7.2. Subgroup analysis

The effects of remdesivir were evaluated using similar methods to those used in the
primary analysis, in subgroups that might have differed in the effectiveness of remdesivir. The
subgroups were (1) maintenance dialysis prior to admission, (2) respiratory failure on
admission, (3) before or after the Omicron variant epidemic, (4) time between onset to
admission (<4 days vs. >4 days), and (5) vaccination status. Additionally, we included
interaction terms, subgroup variables, remdesivir use, and confounders in the outcome model
to test for interactions. The statistical significance of the interaction test was set at two-sided
p<0.05. This interaction analysis was exploratory in purpose; therefore, we did not correct for

p-values.

7.3. Missing data

Missing data included vaccination history and smoking status in preadmission data,

and NEWS and blood test at admission data. A multiple imputation method with chained
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equations was used to generate 50 datasets and the estimates obtained for each dataset were

integrated using Rubin's rule [26].

All analyses were conducted using SAS software, version 9.4 (SAS Institute Inc.,

Cary, NC, USA).

8. Ethical issues

This study was conducted in accordance with the principles of the Declaration of
Helsinki and was approved by the Ethics Committee of Kyoto University (approval number:
R4149-1). The requirement for written patient consent was waived owing to the retrospective
nature of this study. Information regarding opting out of the study is available on the study

website.

RESULTS

1. Patient characteristics

Out of 2,136 initially considered patients, 396 were excluded, leaving 1,740
candidates for landmark analysis (Figure 2). By day 7 of symptom onset, 291 patients were
excluded due to outcomes (56 deaths, 74 IMV/ECMO initiations, 81 discharges, and 80
transfers). Thus, finally, 1,449 patients were included in the landmark analysis: 272 were
assigned to the remdesivir group, while the remaining 1,177 were classified as controls, with
84 of them receiving remdesivir after the exposure period. Table 1 presents the characteristics
of the landmark cohort. The median age was 74 years (interquartile range [IQR], 62—84), 992

(68.5%) participants were male, and 98.7% were Japanese. Compared with the control group,
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the remdesivir group had more patients in the sixth or later waves of the epidemic (79.4% vs.
54.5%), a higher vaccination rate (65.0% vs. 43.9%), a higher proportion of respiratory failure
at admission (41.2% vs. 21.5%), a higher proportion of immunocompromised status (15.0% vs
7.7%) (details are provided in Supplementary Table 1), and a higher proportion of
corticosteroid use as combination therapy for COVID-19 (34.2% vs. 13.8%). Remdesivir was
administered for a median duration of 5 days (IQR, 3-5): 137 (50.4%) patients received
treatment for 5 days; 77 (28.3%), 3 days; and 25 (9.2%), 10 days (Supplementary Figure 1).

Additionally, 249 (91.5%) patients received 200 mg on day one and 100 mg/day thereafter.

The following covariates had missing values in the remdesivir and control groups:
ALT, 6.1% (1.8% vs. 7.1%); LDH, 8.8% (7.0% vs. 9.2%); lymphocyte count, 11.5% (7.7% vs.
12.4%); NEWS, 19.9% (11.4% vs. 21.8%); CRP, 7.2% (2.2% vs. 8.3%); smoking status, 16.0%

(14.7% vs. 16.3%); and vaccination status, 16.3% (18.0% vs. 15.9%).

2. Endpoint

During the 28 days from the landmark timepoint, 19 (7.0%) and 136 (11.6%) patients
in the remdesivir and control groups, respectively, had an outcome. Thirty-four (12.5%) and
145 (12.3%) patients in the remdesivir and control groups, respectively, were censored due to
hospital transfer during the follow-up period (Table 2). Figure 3 shows the Kaplan-Meier

survival curves for the two groups.

Figure 4 illustrates the results of primary, sensitivity, and subgroup analyses. In the
primary analysis, the remdesivir group had a lower risk of mortality or IMV/ECMO initiation
than the control group (HR, 0.44; 95% CI, 0.23—0.83). This finding was consistent across the
four sensitivity analyses. The association between remdesivir use and outcome was similar

across subgroups: p for interaction for maintenance dialysis before admission was 0.22;
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respiratory failure on admission, 0.68; before or after the Omicron variant epidemic, 0.13; time

between onset to admission (<4 days vs. 4 >days), 0.33; and vaccination status, 0.48.

DISCUSSION

Among 1,449 noncritical patients with COVID-19 and severe renal insufficiency
admitted to Japanese hospitals within 7 days of symptom onset, initiation of remdesivir within
the first 2 days of admission was associated with a lower risk of mortality or IMV/ECMO

initiation compared with non-initiation.

Few RCTs have investigated the efficacy of remdesivir in patients with COVID-19
and renal insufficiency. In the REDPINE trial, remdesivir plus standard therapy did not reduce
all-cause mortality or invasive mechanical ventilation compared with standard therapy alone
among patients with oxygen saturation <94% on room air or requiring oxygen supplementation
and with an eGFR <30 mL/min/1.73 m? due to CKD or AKI [12]. However, this trial was
terminated prematurely due to recruitment issues after the randomization of 249 patients. Thus,
the study was underpowered to detect the efficacy of remdesivir [12]. The Phase III CATCO
trial, a Canadian sub-study of the WHO's SOLIDARITY, included 59 patients hospitalized
with COVID-19 (remdesivir, 34; standard therapy, 25) with a baseline eGFR <30 mL/min/1.73
m? [27]. Although no significant differences were observed in the initiation of invasive
mechanical ventilation or mortality, interpretation of the results is constrained by the small
sample size [27]. The present study successfully evaluated the effectiveness of remdesivir in a

large cohort comprising 1,449 participants.

An observational study examined 1,010 patients undergoing dialysis who had
COVID-19 and were enrolled by June 19, 2021 [28]. After propensity score matching, 392

patients were included in the analysis, and remdesivir treatment was associated with a
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decreased risk of mortality (HR, 0.45; 95% CI, 0.26-0.80). However, immortal time bias was a
concern in the study. The use of landmark analysis in our study confirmed the effectiveness of

remdesivir, even after accounting for immortal time bias.

No statistically significant differences were observed in the effectiveness of
remdesivir among the subgroups examined in the present study. However, the effectiveness of
remdesivir may be different between patients with and without maintenance dialysis. Patients
with maintenance dialysis often experience immune deficiency due to lymphocyte dysfunction
and abnormal cytokine levels [29], which could have contributed to the increased benefit of
remdesivir. Other potential reasons for the heterogeneity are as follows: (1) Heterogeneity of
remdesivir exposure intensity—the effectiveness of remdesivir may be lower in non-dialysis
patients if it is discontinued early or if the period between symptom onset and the initiation of
remdesivir treatment is long. However, this was unlikely in the present study because no
apparent difference was observed in the distribution of the duration of remdesivir
administration (Supplementary Figure 2) or days from onset to remdesivir administration
(median [IQR] days for dialysis and non-dialysis, 2 [1-5] vs. 2 [1-4], respectively). (2)
Heterogeneity due to confounding factors—the quality of care at the hospital can be a
confounding factor that distorts the effectiveness of remdesivir. Hospitals specializing in
COVID-19 care may be associated with both remdesivir use and lower COVID-19 mortality.
This association could have introduced a bias, resulting in the overestimation of the
effectiveness of remdesivir. If patients with maintenance dialysis are more likely to be admitted
in such hospitals than non-dialysis patients, confounding may create a heterogeneity that
remdesivir is associated with better outcomes in patients with maintenance dialysis. This
possibility cannot be dismissed, as this study solely identified hospitals by ID numbers, lacking
detailed information to adjust for the quality of care in each hospital. (3) Heterogeneity due to

random variations—heterogeneity due to chance may have occurred because the stratification
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reduced the sample size for each group. Further research is required to determine the possible

heterogeneity of remdesivir effectiveness.

No significant differences were observed in the effectiveness of remdesivir between
the outbreak periods of Omicron and non-Omicron strains. This aligns with previous findings
indicating similar efficacy of remdesivir in vitro against the Omicron variant and earlier strains
[30], as well as results from a retrospective study utilizing large datasets from routine clinical

practice [31].

Limitations

The strength of this study lies in its contribution to reducing the knowledge gap in the
treatment of patients with COVID-19 and severe renal insufficiency. However, the present
study had several limitations. First, owing to substantial missing data regarding vaccination
dates, vaccination status was classified solely based on the number of vaccinations.
Consequently, patients vaccinated within 14 days of the second vaccination were classified as
vaccinated. Second, data on do-not-resuscitate (DNR) orders were unavailable. Patients with
DNR instructions upon admission may have been excluded from receiving remdesivir during
periods of inadequate remdesivir supply, particularly during the early stages of the pandemic.
Third, information regarding underlying diseases causing baseline renal dysfunction was
unavailable. Additionally, information regarding the duration of dialysis was unavailable for
patients with maintenance dialysis. Fourth, COVIREGI-JP is a registry reliant on voluntary
participation of hospitals and may not be representative of all patients with COVID-19 in Japan
[32]. Additionally, this registry focuses on hospitalized patients, which introduces a selection
bias by excluding those treated on an outpatient basis. Outpatients may be less likely to benefit

from remdesivir due to their lower risk of serious outcomes, such as death or ventilator
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initiation. Although subgroup analyses based on severity at admission (i.e., with or without
respiratory failure) showed no significant differences in the effectiveness of remdesivir,
caution should be warranted when generalizing these findings to non-hospitalized patients.
Fifth, 98.7% of the patients with available race information were Japanese. However, no clear
differences in the efficacy of remdesivir by race have been reported previously; therefore, the

transportability of the results to non-Japanese individuals is deemed acceptable.

CONCLUSIONS

For noncritical patients with COVID-19 and severe renal insufficiency at admission, the
initiation of remdesivir early after disease onset, within the first 2 days of admission, led to a

lower risk of mortality or IMV/ECMO initiation, than non-initiation of remdesivir.
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Table 1. Baseline characteristics of patients in the landmark cohort

Remdesivir group

Control group

(Remdesivir in the | (No remdesivir in Total
exposure period) the exposure period) | (n=1449)
(n=272) (n=1177)
Age (years) 74.5 (60.5-84) 74 (62-84) 74 (62-84)
Male 195 (71.7%) 797 (67.7%) 992 (68.5%)
22.1
BMI (kg/m?)f 22.1(19.9-26.0) 22.1 (19.8-25.0)
(19.8-25.2)
Japanese® 252 (99.2%) 1083 (98.6%) 1335 (98.7%)
Endemic wave
First wave 0 (0.0%) 40 (3.4%) 40 (2.8%)
Second wave 3 (1.1%) 65 (5.5%) 68 (4.7%)
Third wave 18 (6.6%) 288 (24.5%) 306 (21.1%)
Fourth wave 13 (4.8%) 83 (7.1%) 96 (6.6%)
Fifth wave 22 (8.1%) 59 (5.0%) 81 (5.6%)
Sixth wave 83 (30.5%) 281 (23.9%) 364 (25.1%)
Seventh wave 81 (29.8%) 199 (16.9%) 280 (19.3%)
Eighth wave 52 (19.1%) 162 (13.8%) 214 (14.8%)

Vaccination (%)’

145 (65.0%)

435 (43.9%)

580 (47.8%)

Smoking status’

Never smoked

105 (45.3%)

497 (50.5%)

602 (49.5%)

Current smoker

25 (10.8%)

122 (12.4%)

147 (12.1%)

Former smoker

102 (44.0%)

366 (37.2%)

468 (38.5%)
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History of COVID-197

4 (1.5%)

17 (1.5%)

21 (1.5%)

Obesity

23 (8.5%)

69 (5.9%)

92 (6.3%)

Cardiovascular disease

77 (28.3%)

374 (31.8%)

451 (31.1%)

Cerebrovascular disease

53 (19.5%)

202 (17.2%)

255 (17.6%)

Dementia 36 (13.2%) 137 (11.6%) 173 (11.9%)
Respiratory disease 33 (12.1%) 111 (9.4%) 144 (9.9%)
Rheumatologic disease 6 (2.2%) 35 (3.0%) 41 (2.8%)
Peptic ulcer disease 4 (1.5%) 31 (2.6%) 35 (2.4%)
Liver disease 12 (4.4%) 63 (5.4%) 75 (5.2%)

Diabetes 113 (41.5%) 511 (43.4%) 624 (43.1%)
Hemiplegia 11 (4.0%) 43 (3.7%) 54 (3.7%)
Malignancy 39 (14.3%) 148 (12.6%) 187 (12.9%)
Hemodialysis 101 (37.1%) 507 (43.1%) 608 (42.0%)
Kidney transplant

. 8 (2.9%) 32 (2.7%) 40 (2.8%)
recipients
HIV 0 (0.0%) 1 (0.1%) 1 (0.1%)
Hypertension 172 (63.2%) 726 (61.7%) 898 (62.0%)
Dyslipidemia 73 (26.8%) 266 (22.6%) 339 (23.4%)
Immunocompromised’ 38 (15.0%) 87 (7.7%) 125 (9.1%)
Charlson comorbidity

4 (3-5) 4 (3-5) 4 (3-5)

index

Respiratory failure at

admission

112 (41.2%)

253 (21.5%)

365 (25.2%)

NEWS'

3 (1-5)

2 (0-4)

2 (1-4)
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AST (IU/L) 24 (16-36) 21 (15-30) 22 (15-31)
ALT (IU/L) f 14 (10-22) 13 (9-19) 13 (9-20)
LDH (IU/L) 250 (202-325) 223 (186-280) 227 (188-289)
2.61
CRP (mg/dL) ¥ 3.58 (1.35-8.48) 2.44 (0.69-6.87)
(0.83-7.14)
Lymphocyte count 0.80
0.78 (0.53—-1.20) 0.81 (0.56-1.18)
(x103/uL) * (0.55-1.18)
Use of anticoagulation
36 (13.2%) 144 (12.2%) 180 (12.4%)
before admission
Combination therapy*
Tocilizumab 8 (2.9%) 7 (0.6%) 15 (1.0%)
Baricitinib 4 (1.5%) 0 (0.0%) 4 (0.3%)
Casirivimab/imdevimab | 11 (4.0%) 24 (2.0%) 35 (2.4%)
Sotrovimab 20 (7.4%) 180 (15.3%) 200 (13.8%)
Molnupiravir 10 (3.7%) 200 (17.0%) 210 (14.5%)
Nirmatrelvir/ritonavir 0 (0.0%) 6 (0.5%) 6 (0.4%)

Corticosteroid

93 (34.2%)

162 (13.8%)

255 (17.6%)

Days from onset to

1(0-3) 1(0-3) 1(0-3)
admission
Days from onset to

1(1-3) NA NA
remdesivir administration
Duration of remdesivir

5(3-5) NA NA

administration

BMI, body mass index; HIV, human immunodeficiency virus; NEWS, National Early Warning

Score; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate




dehydrogenase; CRP, C-reactive protein.

T Percentages were calculated with missing data removed from the denominator. The number
of missing data for the remdesivir group, control group, and total are as follows: BMI: 32,
168, 200; Japanese: 18, 79, 97; vaccination: 49, 187, 236; smoking status: 40, 192, 232;
history of COVID-19: 2, 10, 12; immunocompromised: 19, 53, 72; NEWS: 31, 257, 288;
AST: 5, 82, 87; ALT: 5, 84, 89: LDH: 19, 108, 127; CRP: 6, 98, 104; lymphocyte count: 21,

146, 167.

* Combination therapies for COVID-19 if initiated before the end of the exposure period.
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Table 2. Comparison of 28-day outcome from 7-day landmark time point between the

remdesivir and control groups

Remdesivir group
(Remdesivir in the

exposure period)

Control group
(No remdesivir in the

exposure period)

(n=272) (n=1177)
Transfer 34 (12.5%) 145 (12.3%)
Discharge 194 (71.3%) 764 (64.9%)
Hospitalized without
25 (9.2%) 132 (11.2%)
outcome
Death or IMV/ECMO 19 (7.0%) 136 (11.6%)
Death 16 (5.9%) 109 (9.3%)
IMV/ECMO 3 (1.1%) 27 (2.3%)

IMV/ECMO, invasive mechanical ventilation or extracorporeal membrane oxygenation
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FIGURE LEGENDS

Figure 1. Study design

The exposure period was defined as the period during which the following two conditions were
met simultaneously: (1) from symptom onset to the 7-day time point and (2) during the first 2

days after admission.

Figure 2. Flow chart of study participants

AST, aspartate aminotransferase; ALT, alanine aminotransferase; HFNC, high-flow nasal
cannula; NPPV, noninvasive positive pressure ventilation; IMV/ECMO, invasive mechanical

ventilation or extracorporeal membrane oxygenation

Figure 3. Kaplan—Meier survival curves for the remdesivir and control groups

Kaplan—Meier survival probabilities for outcome-free survival by treatment group after the
landmark time point. The primary endpoint was a composite of death and initiation of invasive
mechanical ventilation or extracorporeal membrane oxygenation. The black and gray lines

indicate the remdesivir and control groups, respectively.

Figure 4. Primary, sensitivity and subgroup analyses assessing the 28-day outcome in the

remdesivir and control groups

HR, hazard ratio; HD, hemodialysis; ALT, alanine aminotransferase; NEWS, The National

Early Warning Score; LDH, lactate dehydrogenase; CRP, C-reactive protein.

*Estimated from landmark analysis adjusted for sex, age, smoking status, epidemic wave,
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vaccination status, days from symptom onset to admission, obesity, hypertension, dyslipidemia,
immunocompromised status, hemodialysis, Charlson comorbidity index, NEWS on admission,
ALT on admission, LDH on admission, CRP on admission, lymphocyte count on admission,
anticoagulation before admission, combination therapies for COVID-19 if initiated before the
end of the exposure period: neutralizing antibody (casirivimab/imdevimab or sotrovimab),
immunomodulator (tocilizumab or baricitinib), corticosteroids, and molnupiravir. To account
for missing data, multiple imputation methods with chained equations were used to generate 50

datasets, and the estimates obtained for each dataset were integrated using Rubin's rule.
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Figure 3
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Remdesivir Control (95%CT) Remdesivir | Control  Interaction
Primary analysis: 7-day landmark time point 19/272 (7.0%) 136/1177 (11.6%) 0.44 (0.23-0.83) i NA
Sensitivity analysis
Landmark: § day from symptom onset 15/258 (5.8%) 125/1140 (11.0%) 0.61 (0.31-1.23) —— NA
Landmark: 10 day from symptom onset 17/231 (7.4%) 111/949 (11,7%) 0.47 (0.20-1.09) . NA
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Subgroup analysis
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Details of immunocompromised status.

Remdesivir group Control group Total
(n=272) (n=1177) (n=1449)
Neutrophil Count 2 (0.8%) 0 (0.0%) 2 (0.1%)
<500/uL
Asplenia 1 (0.4%) 0 (0.0%) 1 (0.1%)
Primary 0 (0.0%) 0 (0.0%) 0 (0.0%)
Immunodeficiency
Syndrome
Hematopoietic Cell 0 (0.0%) 1 (0.1%) 1 (0.1%)
Transplantation
Solid Organ 12 (4.7%) 34 (3.0%) 46 (3.3%)
Transplantation
Corticosteroid Use 5(2.0%) 25 (2.2%) 30 (2.2%)
Chemotherapy 8 (3.2%) 19 (1.7%) 27 (2.0%)
Radiation Therapy 0 (0.0%) 1 (0.1%) 1 (0.1%)
Non-Corticosteroid 19 (7.5%) 54 (4.8%) 73 (5.3%)
Immunosuppressive
Drug Use

Multiple conditions may apply in some patients.

Percentages were calculated with missing data removed from the denominator. The number of
missing data for the remdesivir group, control group, and total are as follows:

immunocompromised: 19, 53, 72.



Supplementary Figure 1. Duration of remdesivir use in the remdesivir group.
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Supplementary Figure 2. Duration of remdesivir use in the dialysis and non-dialysis groups.
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