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Background. The US Food and Drug Administration issued an Emergency Use Authorization for remdesivir use in patients 
with severe COVID-19.

Methods. We utilized data from 2 quaternary acute care hospitals. The outcomes of interest were the impact of remdesivir on 
in-hospital death by day 28 and time to recovery, clinical improvement, and discharge. We utilized Cox proportional hazards models 
and stratified log-rank tests.

Results. Two hundred twenty-four patients were included in the study. The median age was 59 years; 67.0% were male; 17/125 
patients (13.6%) who received supportive care and 7/99 patients (7.1%) who received remdesivir died. The unadjusted risk for 28-day 
in-hospital death was lower for patients who received remdesivir compared with patients who received supportive care (hazard ratio 
[HR], 0.42; 95% CI, 0.16–1.08). Although this trend remained the same after adjusting for age, sex, race, and oxygen requirements 
on admission (adjusted HR [aHR], 0.49; 95% CI, 0.19–1.28), as well as chronic comorbidities and use of corticosteroids (aHR, 0.44; 
95% CI, 0.16–1.23), it did not reach statistical significance. The use of remdesivir was not associated with an increased risk of acute 
kidney injury (AKI) or liver test abnormalities. Although not statistically significant, the rate ratios for time to recovery, clinical im-
provement, and discharge were higher in women and black or African American patients.

Conclusions. Patients on remdesivir had lower, albeit not significant, all-cause in-hospital mortality, and the use of remdesivir 
did not increase the risk for AKI. Promising signals from this study need to be confirmed by future placebo-controlled randomized 
clinical trials.
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The development of safe and effective therapeutic agents against 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
is a top priority in the battle against the COVID-19 pandemic. 
Remdesivir, also known as GS-5734, is an intracellularly metab-
olized nucleotide prodrug that inhibits viral RNA polymerases 
and has a broad spectrum of antiviral activity, which includes 
corona- and flaviviruses [1]. Animal studies have shown 
remdesivir to be efficacious against SARS-CoV-1 and Middle 
East respiratory syndrome (MERS)–CoV [2, 3]. During the 
early days of the COVID-19 pandemic, it was among the first 
drugs to show in vitro activity against SARS-CoV-2 [4].

Despite high expectations for remdesivir in treating COVID-
19 [5, 6], the results from the first randomized placebo-
controlled trial from China were inconclusive [7]. However, 
the results of a larger-scale multicenter trial conducted by the 
National Institute of Allergy and Infectious Diseases showed 
a significant clinical benefit in terms of time to recovery [8]. 
Subsequently, the US Food and Drug Administration (FDA) 
issued an Emergency Use Authorization for remdesivir use in 
patients with severe COVID-19 [9].

In March 2020, our institution became part of a multicenter 
open-label, phase 3 clinical trial that studied the use of remdesivir 
in patients with severe COVID-19. For this study, we analyzed 
data from patients who participated in the aforementioned trial 
and compared them with patients with severe COVID-19 who 
received supportive care at our institution to investigate the effi-
cacy and safety of remdesivir in patients with severe COVID-19.

METHODS

Study Setting and Design

We utilized data from 2 quaternary, acute care hospitals, Rhode 
Island Hospital (RIH) and The Miriam Hospital (TMH), 
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located in Providence, Rhode Island, which function as a single 
academic medical center. All consecutive hospitalized patients 
from February 27 to May 11, 2020, who had a positive poly-
merase chain reaction (PCR) nasopharyngeal or oropharyngeal 
SARS-CoV-2 swab were screened for potential study inclusion. 
The institutional review board of RIH and TMH approved this 
observational study.

Remdesivir Study Arm

Starting on March 20, both RIH and TMH became part of a 
phase 3, multicenter, open-label clinical trial (NCT04292899) 
[10]. All patients hospitalized with PCR-confirmed COVID-19 
were evaluated by Infectious Diseases specialists in both hos-
pitals for potential trial inclusion. To be considered eligible for 
trial inclusion, patients had to meet the following criteria: (1) 
currently hospitalized, aged ≥18 years, (2) SARS-CoV-2 infec-
tion confirmed by PCR test ≤4 days before trial enrollment, (3) 
SpO2 ≤94% on room air or requiring supplemental oxygen at 
screening, (4) presence of radiographic evidence of pulmonary 
infiltrates. In addition, patients who met any of the following 
clinical exclusion criteria were not considered eligible: (1) ALT 
or AST >5 times of the upper normal limit (UNL), (2) creat-
inine clearance <50 mL/min using the Cockcroft-Gault equa-
tion, (3) pregnant or breastfeeding.

Trial participants received remdesivir intravenously (IV) as 
a 200-mg loading dose on day 1, followed by a daily 100-mg 
maintenance dose on days 2–10 or until hospital discharge, 
death, or meeting criteria for study drug hold or discontinua-
tion (serious adverse event related to remdesivir [RDV], ALT 
>5×UNL, ALT >3×UNL and total bilirubin >2×UNL, creati-
nine clearance <30 mL/min). Patients who were discharged be-
fore day 28 were followed up with a postdischarge follow-up 
phone call on day 28. The trial protocol was approved by a cen-
tralized institutional review board and was monitored by an 
independent data and safety monitoring board. Each patient 
provided informed consent. If the patient was unable to provide 
consent, the patient’s legally authorized representative provided 
surrogate consent.

Supportive Care Study Arm Patient Selection

In the above-mentioned phase 3 open-labeled trial, all trial 
participants received remdesivir, and there was no placebo-
controlled study arm. For the purposes of the present study, we 
created a control group consisting of hospitalized patients with 
PCR-confirmed COVID-19 who did not receive remdesivir. In 
order to identify controls, we screened all patients who were 
admitted to either RIH or TMH from February 27 to May 11, 
2020, and did not receive remdesivir. After identifying those 
patients and in an effort to minimize selection bias, we used 
the following inclusion and exclusion criteria: (1) hospitalized 
for at least 48 hours, (2) SARS-CoV-2 infection confirmed by 
PCR, (3) SpO2  ≤94% on room air or requiring supplemental 

oxygen within the first 48 hours of admission, (4) presence of 
radiographic evidence of pulmonary infiltrates. In addition, pa-
tients who met any of the following clinical exclusion criteria 
were not considered eligible: (1) ALT or AST >5 times of the 
upper normal limit (UNL) and (2) creatinine clearance (CrCl) 
<50 mL/min using the Cockcroft-Gault equation.

Additional Exclusion Criteria

Patients from the remdesivir arm could have been enrolled 
in the remdesivir trial during any day of their hospital stay, 
as long as they met the predefined inclusion criteria. For the 
purposes of this study, this could have been a potential source 
of immortal time bias [11] because those patients should have 
been alive at least until the day of remdesivir trial enrollment. 
As a result, after defining the date of hospital admission as day 
1 for both study arms, we included only patients who received 
remdesivir within the first 48 hours of their admission, while 
we excluded all patients who died within the first 48 hours from 
both study arms.

Data Collection

We obtained data through our institution’s electronic medical 
records (EMRs). For each patient, we extracted the following 
information: age, sex, race, ethnicity, days from onset of symp-
toms, imaging results, weight, vital signs and laboratory values 
(both on admission and during hospitalization), preexisting 
medical conditions, admission to the intensive care unit (ICU), 
use of mechanical ventilation, use of systemic corticosteroids 
[12], hospitalization outcome (death or discharge), and inci-
dence of acute kidney injury (AKI) using the KDIGO criteria 
[13]. The first available vital signs and laboratory values within 
48 hours of admission were used to assess inclusion eligibility 
for patients in the supportive care arm. For patients in the sup-
portive care arm, we also calculated CrCl on admission using 
the Cockcroft-Gault equation.

Finally, all hospitalized patients with PCR-confirmed 
COVID-19 were evaluated by ID specialists for potential in-
clusion in the remdesivir trial, and this evaluation was docu-
mented in the EMR. For patients in the supportive care arm, we 
additionally extracted the initial ID evaluation and, if present, 
the reason/s for not enrolling in the remdesivir trial.

Outcomes of Interest

The primary outcome of interest was the impact of remdesivir 
on all-cause in-hospital death by day 28. As secondary out-
comes, we assessed the impact of remdesivir on time to clinical 
recovery, time to clinical improvement, and time to discharge. 
All outcomes were censored at day 28 for patients hospital-
ized >28 days. Recovery was achieved when a patient satisfied 
categories 1 or 2 on the following 6-point ordinal scale: 1 = not 
hospitalized; 2  =  hospitalized without requiring further sup-
plemental oxygen; 3  =  hospitalized requiring supplemental 
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oxygen; 4 = hospitalized requiring noninvasive positive pressure 
ventilation (NIPPV) or high-flow oxygen devices (HFODs); 
5  =  hospitalized requiring invasive mechanical ventilation or 
extracorporeal membrane oxygenation (ECMO); 6  =  death. 
Similarly, clinical improvement was achieved when a patient 
had a 2-point improvement on the aforementioned 6-point or-
dinal scale. Finally, using the KDIGO criteria, we assessed the 
incidence of AKI in patients receiving remdesivir compared 
with patients receiving supportive care. KDIGO defines AKI as 
any of the following: increase in serum creatinine by ≥0.3 mg/
dL within 48 hours or increase in serum creatinine to ≥1.5 
times baseline within the last 7 days or urine output <0.5 mL/
kg/h for 6 hours [13].

Statistical Analysis

For patients’ baseline characteristics, we represented contin-
uous measurements as means (SDs) or medians (IQRs), and 
we compared them using the Student t test and the Mann-
Whitney-Wilcoxon test, respectively. For categorical data, we 
used Pearson’s chi-square test.

For the primary study outcome, that is, the impact of 
remdesivir use on in-hospital death, we utilized both univariate 
and multivariate Cox proportional hazards models. In the mul-
tivariate model, we accounted for potential confounders asso-
ciated with COVID-19 mortality such as age, sex, race, chronic 
comorbidities (heart disease, diabetes, hypertension, chronic pul-
monary disease, obesity), use of systemic corticosteroids, and pa-
tients’ oxygen requirements on admission. Similar models were 
implemented to assess the risk of developing AKI during the 
28-day follow-up period. For all models, we assessed the propor-
tional hazards assumption using weighted Schoenfeld residuals.

To evaluate the secondary outcomes of time to clinical re-
covery, time to clinical improvement, and time to discharge 
(measured from the time of admission), we utilized a strati-
fied log-rank test and calculated the Mantel-Cox rate ratios. 
We stratified based on oxygen requirements on admission (ie, 
room air with spO2 <94%, low-flow oxygen, NIPPV or HFOD, 
mechanical ventilation), age group (18–49, 50–64, ≥65 years), 
race, sex, and date of symptom onset (<7 days, ≥7 days). If a 
patient died before day 28, they were right-censored at day 28. 
Outcomes of patients who were discharged to a hospice before 
day 28 were censored at day of discharge.

For our analyses, 95% confidence intervals and P values 
are shown. The statistical significance threshold was set at .05. 
All analyses were performed using Stata, version 16.1 (Stata 
Corporation, College Station, TX, USA).

RESULTS

From February 27 to May 1, we identified 711 consecu-
tive patients hospitalized with PCR-confirmed COVID-19. 

Among those patients, 554 received supportive care and 
158 received remdesivir. Among patients who received sup-
portive care, 125 met the inclusion criteria of our study and 
comprised the control group. More specifically, 227 patients 
were excluded due to CrCl <50 L/min or because CrCl could 
not be calculated due to missing weight measurement, 164 
patients did not meet severity inclusion criteria, 11 were ex-
cluded due to ALT or AST >5 times the UNL, 17 patients 
were excluded due to normal chest imaging findings, and 10 
patients were excluded due to death within the first 48 hours 
after admission. Among the 158 patients who received RDV, 
we excluded 12 patients who received remdesivir for the 
purposes of other clinical trials (a moderate severity trial or 
compassionate use) and 47 patients who received RDV after 
the first 48 hours (Supplementary Table 1). In Figure 1, we 
present the detailed patient selection flowchart. As of June 
7, 2020, all patients had completed the 28-day observational 
period, were discharged, or died. Of note, none of the pa-
tients included in this analysis met the criteria for remdesivir 
discontinuation.

Baseline Characteristics

In total, 224 patients were included in the study, and their 
baseline characteristics are depicted in Table 1. The median 
age (interquartile range [IQR]) was 59 (49–67) years, and 
67.0% were male. Moreover, 82 (36.6%) were Non-Hispanic 
white, 98 (43.8%) were Hispanic, 30 (13.4%) were black or 
African American, and 2 (0.9%) were Asians. No differences 
in terms of age, race, and sex distribution were noted among 
the 2 study arms. In terms of preexisting chronic conditions, 
patients on the supportive care arm had higher prevalence 
of chronic heart disease (28.0%), compared with patients 
who received remdesivir (14.1%,). The median time from 
symptom onset assessed at the time of admission (IQR) was 
6 (3–8) days, while there were no significant differences in 
terms of oxygen requirements at the time of admission be-
tween the 2 study arms.

Among the control group, reasons for not enrolling in the 
remdesivir trial included the following: 45 patients (36.0%) 
were deemed eligible for enrollment by the trial investigators, 
but they were not enrolled for undocumented reasons; 33 pa-
tients (26.4%) refused participation; 19 patients (15.2%) were 
not eligible given that their SARS-COV-2 PCR was older than 
96 hours (trial exclusion criterion) but met the rest of the inclu-
sion/exclusion criteria; 25 patients (20.0%) were eligible, but the 
trial was paused to enrollment at the time of assessment; and 3 
patients (2.4%) were eligible but were unable to provide con-
sent, and a legally authorized representative was not available.

Primary Outcome

In total, 24/224 patients (10.7%) died within 28  days of their 
hospital admission. More specifically, 17/125 patients (13.6%) 
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who received supportive care and 7/99 patients (7.1%) who re-
ceived remdesivir died. In our primary unadjusted analysis, the 
risk of 28-day all-cause in-hospital death was lower for patients 
who received remdesivir compared with patients who received 
supportive care (hazard ratio [HR], 0.42; 95% CI, 0.16–1.08), 
albeit it did not reach statistical significance. These estimates 
remained after adjusting for age, sex, race, oxygen requirements 
on admission (adjusted HR [aHR], 0.49; 95% CI, 0.19–1.28), 
use of systemic corticosteroids, and chronic comorbidities such 
as hypertension, heart disease, chronic pulmonary disease, 
obesity, and diabetes (aHR, 0.44; 95% CI, 0.16–1.23) (Table 2; 
Supplementary Figure 1).

Secondary Outcomes

The median time to clinical recovery was 10  days for the 
remdesivir arm (95% CI, 8–12) and 10 days for the supportive 
care arm (95% CI, 8–13). Using Mantel-Cox rate ratios, we 

found no significant difference in time to recovery, regardless 
of the stratification variable. Similarly, we found no significant 
differences between the 2 study arms in terms of time to clinical 
improvement and time to discharge. Although not reaching sta-
tistical significance, the rate ratios for time to recovery, clinical 
improvement, and discharge were higher in women and black 
or African American patients who received remdesivir. Finally, 
the rate ratio for time to recovery and time to discharge was 
higher among patients who received remdesivir during the first 
7 days after symptom onset, albeit without reaching statistical 
significance (rate ratio [RR], 1.26; 95% CI, 0.83–1.92; and RR, 
1.24; 95% CI, 0.81–1.90; respectively). Results are presented in 
Table 3.

Adverse Events and Risk of AKI Development

Utilizing the KDIGO criteria for AKI and the Common 
Terminology Criteria for Adverse Events (CTCAE; version 

RT-PCR-confirmed
hospitalized COVID-

19 patients
(n = 711)

Remdesivir (n = 158)

Remdesivir
n = 99

Exclude:
-Moderate or
compassionate use trial
participants (n = 12)
-Received RDV after 48h
of  admission (n = 47)
-Died within 48h of
admission (n = 0)

Exclude:
-Nonsevere (n = 164)
-CrCl <50mL/min or
missing (n = 227)
-ALT/AST>5x normal
(n = 11)
-Normal imaging findings
(n = 17)
-Died within 48h of
admission (n = 10)

Supportive care
n = 125

Supportive care (n = 554)

Figure 1. Patient selection flowchart. Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CrCl, creatinine clearance; RDV, remdesivir; RT-PCR, 
reverse transcription polymerase chain reaction.
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5.0), we studied the incidence of AKI, transaminitis, and 
hyperbilirubinemia and found no statistically significant differ-
ence among the 2 groups (Table 4). The use of remdesivir was 

not associated with an increased risk of AKI in both univar-
iate (HR, 0.98; 95% CI, 0.58–1.63) and multivariate Cox pro-
portional hazards models, which were adjusted for age, sex, 
race, and oxygen requirements on admission (aHR, 0.97; 95% 
CI, 0.57–1.64), as well as use of systemic corticosteroids and 
chronic comorbidities (aHR, 1.10; 95% CI, 0.64–1.90) (Table 2).

DISCUSSION

In order to provide a cohesive assessment of the efficacy of 
remdesivir, we compared the clinical outcomes of patients who 
were hospitalized with severe COVID-19 (requiring supple-
mental oxygen and having abnormal imaging findings) and re-
ceived either remdesivir or supportive care. After using similar 
inclusion and exclusion criteria for both study arms, we found 
that patients on remdesivir had lower all-cause in-hospital mor-
tality, but this did not reach statistical significance. In addition, 

Table 1. Baseline Patients Characteristics on Admission

Total Supportive Care Remdesivir

 n = 224 n = 125 n = 99 P Value 

Age 59.00 (50.00–68.00) 60.00 (50.00–68.00) 58.00 (50.00–68.00) .52

Gender    .44

 Female 74 (33.0) 44 (35.2) 30 (30.3)  

 Male 150 (67.0) 81 (64.8) 69 (69.7)  

Race    .65

 Asian 2 (0.9) 1 (0.8) 1 (1.0)  

 Black or African American 30 (13.4) 20 (16.0) 10 (10.1)  

 Hispanic or Latino 98 (43.8) 50 (40.0) 48 (48.5)  

 Other/unknown 12 (5.4) 7 (5.6) 5 (5.1)  

 White or Caucasian 82 (36.6) 47 (37.6) 35 (35.4)  

Hypertension 87 (38.8) 55 (44.0) 32 (32.3) .075

Heart disease 49 (21.9) 35 (28.0) 14 (14.1) .013

Chronic pulmonary disease 26 (11.6) 15 (12.0) 11 (11.1) .84

Diabetes 60 (26.8) 32 (25.6) 28 (28.3) .65

Renal failure 10 (4.5) 7 (5.6) 3 (3.0) .36

Liver disease 9 (4.0) 5 (4.0) 4 (4.0) .99

Obesity 103 (46.0) 60 (48.0) 43 (43.4) .50

Days from symptoms onset 6.00 (3.00–8.00) 6.00 (2.00–7.00) 6.00 (3.00–8.00) .59

Baseline oxygen    .75

 Invasive mechanical ventilation 43 (19.5) 24 (19.7) 19 (19.2)  

 Low-flow supplemental oxygen 108 (48.9) 60 (49.2) 48 (48.5)  

 NIPPV or HFOD 55 (24.9) 28 (23.0) 27 (27.3)  

 Room air 15 (6.8) 10 (8.2) 5 (5.1)  

Corticosteroidsa 61 (27.2) 34 (27.2) 27 (27.3) .99

Hydroxychloroquine 25 (11.2) 20 (16.0) 5 (5.1) .010

Convalescent plasma 19 (8.5) 16 (12.8) 3 (3.0) .009

Weighted Elixhauser index (van Walraven)    .009

 <0 53 (23.7) 24 (19.2) 29 (29.3)  

 0 61 (27.2) 27 (21.6) 34 (34.3)  

 1–4 30 (13.4) 21 (16.8) 9 (9.1)  

 ≥5 80 (35.7) 53 (42.4) 27 (27.3)  

Bold values: P < 0.05. Data are presented as No. (%) or median (interquartile range). Comorbidities were estimated using ICD-10 codes according to the Elixhauser Comorbidity Index.

Abbreviations: HFOD, high-flow oxygen devices; ICD-10, International Classification of Diseases, 10th Revision; NIPPV, noninvasive positive pressure ventilation.
aAt least 1 dose of dexamethasone, fludrocortisone, hydrocortisone, methylprednisolone, or prednisone.

Table 2. Cox Proportional Hazards Models for 28-Day Outcomes

Remdesivir vs Supportive Care Hazard Ratio (95% 
Confidence Interval)

Outcome Unadjusted

Adjusted for Age,  
Sex, Race, and O2  

Requirements  
on Admission Fully Adjusteda

All cause 
in-hospital 
death

0.42 (0.16–1.08) 0.49 (0.19–1.28) 0.44 (0.16–1.23)

Development 
of AKI 

0.98 (0.58–1.63) 0.97 (0.57–1.64) 1.10 (0.64–1.90)

Abbreviation: AKI, acute kidney injury.
aAge, sex, race, O2 requirements on admission, use of systemic corticosteroids, heart dis-
ease, hypertension, chronic pulmonary disease, diabetes, obesity.
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we observed a shortened time to recovery, time to clinical im-
provement, and time to discharge among women and Black or 
African American patients, again without reaching statistical 
significance. Importantly, the use of remdesivir did not increase 
liver test abnormalities or the risk for AKI.

To date, there are limited studies describing the safety and 
efficacy of remdesivir in patients with COVID-19. In the study 
by Grein et  al. [5], the authors described the compassionate 
use of remdesivir in patients with severe COVID-19. In this 
multicenter study, 53 patients received remdesivir for 10 days 
(200 mg on day 1 followed by 100 mg for 9 days) and had a me-
dian follow-up of 18 days. The authors reported oxygen need 
improvement in 68% of patients, while 7 out of 53 patients 
(13%) died. However, the interpretation of those findings was 
limited by the lack of a control arm and the small sample size. 
In April 2020, Wang et al. reported the first randomized, dou-
ble-blind, placebo-controlled trial comparing patients with se-
vere COVID-19 who received either remdesivir or placebo [7]. 
The study included 237 patients from China and was terminated 
early due to lack of eligible study participants (initial sample 
goal was 453 patients). The authors found that remdesivir use 
did not significantly improve the time to clinical improvement 
(HR, 1.23) or 28-day mortality.

The first study to yield a clear clinical benefit from remdesivir 
use in patients with COVID-19 was the preliminary report from 
the ongoing double-blind, randomized, placebo-controlled trial 
by the National Institute of Allergy and Infectious Diseases 

(NIAID) [8]. In this study, the authors found that patients who 
received 10 days of remdesivir had a significantly faster time to 
recovery compared with the placebo group. Our study did not 
yield the same clinical benefit in terms of time to recovery, pos-
sibly due to a smaller sample size, differences in patient charac-
teristics and baseline oxygen needs, and lack of randomization. 
However, our mortality estimates were similar. Specifically, 
Beigel et  al. reported a 7.1% and 11.9% 14-day mortality for 
the remdesivir and placebo groups, respectively, while they re-
ported an HR for death of 0.70 (95% CI, 0.47–1.04). Similarly, 
we found a 7.1% and 13.6% 28-day in-hospital mortality for the 
remdesivir and supportive care groups, respectively, while our 
adjusted HR estimate for death was 0.44 (95% CI, 0.16–1.23).

Although the current literature and our study suggest that 
there are potential benefits from remdesivir use, the magnitude 
of those benefits will also be determined by remdesivir safety, 
access, and cost [14]. In terms of safety, remdesivir appears to 
be tolerated well by most patients [7], and our findings showed 
that the risk of 28-day AKI development was not increased 
compared with the supportive care arm. Regarding the access 
and cost, as current supplies of the drug and its worldwide 
availability remain questionable [15], it is important for future 
studies to confirm the noninferiority of a 5-day compared with 
a 10-day regimen [10], as well as identify those patients who 
may benefit the most.

By imposing the same exclusion criteria for patients 
who participated in the remdesivir trial and for those who 

Table 3. Mantel-Cox Rate Ratios for Time Clinical Recovery, Improvement, or Discharge

Remdesivir vs Supportive Care Rate Ratio (95% Confidence Interval)

Stratification Subgroup Time to Recovery Time to Clinical Improvement Time to Discharge

Sex    

 Male 0.83 (0.56–1.22) 0.82 (0.56–1.21) 0.85 (0.58–1.26)

 Female 1.48 (0.83–2.63) 1.50 (0.85–2.64) 1.38 (0.76–2.52)

Age group    

 18–49 y 1.17 (0.61–2.21) 1.02 (0.54–1.93) 1.13 (0.59–2.13)

 50–64 y 0.95 (0.57–1.56) 0.94 (0.57–1.54) 0.93 (0.56–1.54)

 ≥65 y 0.96 (0.55–1.69) 1.06 (0.60–1.87) 1.01 (0.55–1.83)

Race    

 Black or African American 2.12 (0.85–5.28) 1.67 (0.68–4.08) 2.29 (0.94–5.57)

 Hispanic or Latino 0.82 (0.51–1.33) 0.76 (0.47–1.24) 0.72 (0.44–1.18)

 White or Caucasian 1.14 (0.66–1.97) 1.19 (0.68–2.07) 1.27 (0.73–2.24)

 Other 0.37 (0.08–1.63) 0.18 (0.03–1.06) 0.36 (0.07–1.69)

Oxygen requirementsa   

 IMV 0.93 (0.40–2.14) 0.93 (0.42–2.07) 1.07 (0.44–2.61)

 NIPPV or HFOD 0.87 (0.44–1.70) 0.97 (0.50–1.87) 0.86 (0.44–1.69)

 Low-flow oxygen 1.06 (0.67–1.68) 1.04 (0.67–1.63) 1.03 (0.66–1.69)

 Room air 1.30 (0.30–5.67) 1.18 (0.32–4.36) 1.18 (0.32–4.36)

Days from symptoms onseta    

 <7 d 1.26 (0.83–1.92) 1.18 (0.77–1.79) 1.24 (0.81–1.90)

 ≥7 d 0.76 (0.46–1.26) 0.82 (0.50–1.34) 0.71 (0.42–1.18)

Abbreviations: HFNC, high-flow nasal cannula; HFOD, high-flow oxygen devices; IMV, invasive mechanical ventilation; NIPPV, noninvasive positive pressure ventilation. 
aOn admission, IMV, NIPPV, HFNC.
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composed our study’s control arm, we minimized selection 
bias. This was also reflected by similar baseline characteris-
tics and oxygen needs among the two arms. Then, by deter-
mining the reasons that patients in the control arm were not 
enrolled in the remdesivir trial, we confirmed that indication 
bias was minimized in this observational study. In addition, by 
including only those patients who received remdesivir within 
the first 48 hours after admission and excluding patients from 
the control arm who died within the first 48 hours after admis-
sion, we minimized immortal time bias. Finally, utilizing data 
from consecutive patients hospitalized in the same institution, 
we minimized any differences in terms of treatment protocols 
(eg, ventilatory strategies, concomitant medications) as well 
as hospitalization and discharge thresholds across the study 
population.

Our study has limitations that should be taken into consid-
eration. First, the observational, nonrandomized nature of the 
present study introduces the possibility of bias inherent to this 
study design. For example, the rationale behind a patient’s de-
cision to refuse participation in the remdesivir trial may reflect 
less severe disease, which cannot be measured by baseline ox-
ygen needs alone. Although baseline oxygen needs and other 
related conditions were similar among the 2 study arms, there is 
a chance that at least some patients in the supportive arm were 
less sick. Furthermore, in order to minimize selection bias, we 
excluded patients who received remdesivir within the the first 

48 hours after admission. In Supplementary Table 1, we include 
the characteristics and outcomes of all the patients enrolled 
who received remdesivir, irrespective of time of treatment initi-
ation, including those who received remdesivir within the first 
48 hours after admission and were excluded from the analysis. 
In addition, as in all similar trials, many patients reported an 
estimated and not an exact date of symptom onset. Finally, the 
present study might be underpowered [14].

In conclusion, our single-center analysis adds to the under-
standing that remdesivir may have potential clinical benefits in 
patients with severe COVID-19, and the use of remdesivir did 
not increase liver test abnormalities or the risk for AKI. Notably, 
there was a trend for shortened time to recovery, time to clinical 
improvement, and time to discharge among women and black 
or African American patients. These promising signals need to 
be confirmed by future trials. Such trials should include evalua-
tion for women and racial groups.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility 
of the authors, so questions or comments should be addressed to the 
corresponding author.
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