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ARTICLE INFO ABSTRACT

Keywords: Background: The nucleotide analogue prodrug remdesivir was among the first antiviral therapies to be tested in
Remdesivir randomized controlled trials (RCTs) for COVID-19. We performed a meta-analysis to understand efficacy and
COVID-19 safet

y.
SARS-Cov-2

Methods: We searched PubMed, EMBASE, Cochrane library, and ClinicalTrials.gov databases (from January 1,
2020 to November 5, 2020). We included RCTs comparing the efficacy and safety of remdesivir to control/
placebo in COVID-19. Two independent investigators abstracted data, assessed the quality of evidence, and rated
the certainty of evidence.

Results: A total of 4 RCTs with 7334 patients with COVID-19 were included. At a follow-up of 28-29 days from
randomization, very low certainty evidence showed that use of remdesivir compared with control group (placebo
and/or standard of care) was not associated with a significant decrease in time to clinical improvement (stan-
dardized mean difference —0.80 day; [CI, —2.12, 0.53]). However, moderate certainty of evidence showed that
remdesivir was associated with higher rates of recovered patients (risk difference [RD] 0.07 [0.05, 0.08]) and
discharged patients (RD 0.07 [0.03, 0.11]) and lower rates of developing serious adverse events (RD -0.05
[-0.10, —0.01]) compared with control. Moderate and very low certainty of evidence showed there was no
significant difference in deaths at 28-29 days follow-up (RD -0.01 [—0.03, 0.01]) and developing any adverse
events (RD 0.01 [—0.17, 0.19]) between both groups, respectively.

Conclusion: Patients given remdesivir are more likely to demonstrate recovery and were associated with higher
rates of hospital discharge, but not with significant reduction in mean time to clinical improvement or mortality.

1. Introduction

The devastating impact of the coronavirus disease 2019 (COVID-19)
pandemic including social, economic, and health effects, caught the
world unprepared [1]. As of November 2020, there have been over
1,300,000 deaths worldwide from COVID-19. While the scientific
community mobilizes to identify vaccine and therapeutic candidates,
public health interventions such as contact tracing, isolation, quaran-
tine, face mask use, and social distancing have been widely adopted to

preventing transmission.

Remdesivir is an adenosine nucleotide analogue prodrug that abro-
gates viral replication by inducing chain termination after its incorpo-
ration into the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) RNA-dependent RNA polymerase (RdRp) enzyme [2]. At the
start of the pandemic, remdesivir was one of very few nucleoside/
nucleotide analogue therapeutics with human safety data that had been
shown to overcome the proofreading exoribonuclease activity of the
coronavirus RdRp to effectively inhibit a broad range of coronaviruses

* Corresponding author at: Department of Medicine, Saint Agnes Hospital, Baltimore, MD 21229, USA.

E-mail address: ahmad.al-abdouh@ascension.org (A. Al-Abdouh).

https://doi.org/10.1016/j.cct.2021.106272

Received 15 November 2020; Received in revised form 27 December 2020; Accepted 30 December 2020

Available online 7 January 2021
1551-7144/© 2021 Elsevier Inc. All rights reserved.


http://ClinicalTrials.gov
mailto:ahmad.al-abdouh@ascension.org
www.sciencedirect.com/science/journal/15517144
https://www.elsevier.com/locate/conclintrial
https://doi.org/10.1016/j.cct.2021.106272
https://doi.org/10.1016/j.cct.2021.106272
https://doi.org/10.1016/j.cct.2021.106272
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cct.2021.106272&domain=pdf

A. Al-Abdouh et al.

[3,4]. With encouraging SARS-CoV-2-specific in vitro efficacy data,
remdesivir became one of the earliest direct-acting antiviral therapeu-
tics to enter randomized clinical trials (RCTs) for COVID-19 [2,5]. Its
efficacy in preventing respiratory disease with early treatment was
demonstrated shortly thereafter in a primate model of COVID-19 [6].

There are currently two RCTs that have assessed the efficacy of
remdesivir vs placebo and/or standard of care in individuals with severe
COVID-19, one RCT in individuals with moderate COVID-19, and one
RCT that included both moderate and severe COVID-19 [5,7-9]. Patients
were considered to have severe disease if their peripheral capillary ox-
ygen saturation was equal or less than 94% on room air with evidence of
pneumonia and considered to have moderate disease if their saturation
was more than 94% with evidence of pneumonia.

Due to the need for greater certainty in the evidence base for use of
remdesivir compared to standard treatment based on disease severity
and to strengthen evidence of risks and benefits, we conducted a meta-
analysis to evaluate the effect of remdesivir in the treatment of moderate
and severe COVID-19.

2. Methods

This meta-analysis was conducted following the Cochrane Collabo-
ration guidelines and reported according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analysis) [10,11].
The protocol was registered at PROSPERO: CRD42020181509.

2.1. Data sources and searches

The literature search was performed without language restriction
using the following electronic databases of PubMed, EMBASE, Cochrane
library, and ClinicalTrials.gov from January 1, 2020 to November 5,
2020. The search strategy included broad search terms: “Remdesivir”,
“COVID-19”, “SARS-CoV-2”, and “Coronavirus” (Appendix Table 1).

2.2. Study selection

The prespecified inclusion criteria were (1) RCTs comparing
remdesivir treatment of any duration to placebo/control (2) RCTs
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reporting any of the following; time to clinical recovery, number of
recovered patients, mortality, or adverse events. There were no limita-
tions on the language, sample size or follow-up duration of RCTs. We
excluded observational studies from this meta-analysis.

After removing the duplicates and following the selection criteria, we
screened the remaining articles at the title and abstract level and then at
the full text level (Fig. 1). The process of study search and selection was
performed independently by 2 investigators (A.A. and A.B.) Any con-
flicts were resolved by a third investigator (A.J.).

2.3. Data extraction, and quality assessment

Two investigators (A.A. and A.B.) abstracted the data using pre-
specified data collection forms and resolved any discrepancies by
consensus after discussing it with a third investigator (A.J.). The
following information was abstracted from eligible RCTs: first author,
characteristics of the trials and participants, time to recovery, number of
events and sample sizes and follow-up duration.

Two unblinded investigators (A.A. and A.B.) independently assessed
the potential risks of bias of the RCTs using the Cochrane Risk of Bias
Tool at the study level as well as at outcome level (Appendix Fig. 1)
[12,13].

The main outcomes of interest were mean time to clinical improve-
ment, and the rate of recoveries, discharges from hospital, deaths,
serious adverse events, and any adverse events through 28-29 days of
follow up. Patients were considered to be recovered in our study if they
were discharged alive from the hospital or were admitted without ox-
ygen requirements (for infection control purposes); this definition is
compatible with the definition of recovery in most included trials.

2.4. Data synthesis and analysis

Two reviewers (A.A and A.B,) assessed the certainty of the evidence
using the GRADE (Grading of Recommendations Assessment, Develop-
ment and Evaluation) approach (GRADEpro GDT) (https://gdt.gradepro
.org/app/), which was classified as high, moderate, low, or very low
(Appendix Table 2 and 3) [14].

We calculated the mean and standard deviation for the time to
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clinical improvement from the median and interquartile ranges that
were provided in the selected trials as described by Wan et al. [15].
Clinical improvement was defined as improvement of 2 or more points
on the severity ordinal scale. In Spinner et al. [9], the 5-day and 10-day
remdesivir arms were pooled together in one arm. Estimates in this
meta-analysis were pooled using inverse variance random-effects model
due to heterogeneity in the included population and treatment duration
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[16]. The Paule-Mandel method was used for estimation of T [2]. We
applied Hartung-Knapp/Sidik-Jonkman small-sample adjustments
considering the number of studies [17]. We reported effect sizes as
standardized mean difference (SMD) for the time to clinical improve-
ment outcome and risk difference (RD) for other outcomes with 95%
confidence interval (CI). The RD was reported as it gives better repre-
sentation of absolute risk and doesn’t overestimate the size of the effects

Beigel [7]

Spinner [8]

Pan (Solidarity) [9]

Table 1
Characteristics of included trials.
Wang [5]
Centers 10 sites in Wuhan, China
Number of 236
patients
Enrollment February 2020
initiation
Enrollment March 2020
completion
Date of April 2020
publication
Population Patients hospitalized with SARS-CoV-2
infection with an interval from symptom
onset to enrolment of 12 days or less,
and evidence of pneumonia
Trial type Double-blind; multicenter; RCT

Inclusion criteria

Aged > 18 years old

SARS-CoV-2 infection confirmed by
PCR

Radiographic infiltrates

Sp0O2 < 94% on room air or a ratio of
arterial oxygen partial pressure to
fractional inspired oxygen of 300
mmHg or less,

Interval from symptom onset to
enrolment of 12 days or less
Practicing heterosexual abstinence or
using study-specified contraception
during the study period and for at
least 7 days after the last study drug
administration

Enrollment into an investigational
treatment study for COVID-19 in the
30 days before screening.

Hepatic cirrhosis

ALT or AST > 5 x ULN

Glomerular filtration rate < 30 mL/
min per 1.73 m or receipt of renal
replacement therapy

Pregnant woman

Breastfeeding woman

Anticipated discharge or transfer to
another hospital within 72 h

Exclusion criteria

Randomization SAS software, version 9.4 (Stratified)
sequence
Treatments e Remdesivir (10-day course)

e Standard care (placebo)
Primary outcome Time to clinical improvement (two-
point reduction in patients’ admission
status on a six-point ordinal scale, or live
discharge from the hospital, whichever
came first) within 28 days after
randomization

Results of the Remdesivir was not superior to placebo

primary in shortening time to clinical
outcome improvement

Follow up 28 days

Funding National Key Research and

Development Program of China

60 sites and 13 subsites in the
United States, Mexico, Europe, and
Asia

1063

February 2020
April 2020
May 2020

Patients hospitalized with SARS-
CoV-2 infection with evidence of
lower respiratory tract involvement

Double-blind; multicenter; RCT
Aged > 18 years old
SARS-CoV-2 infection confirmed
by PCR < 3 days before
randomization (then expanded
due to limitation in testing
capacity)

Radiographic infiltrates

SpO2 < 94% on room air, or
requiring supplemental oxygen,
mechanical ventilation, or
extracorporeal membrane
oxygenation (ECMO).

Practicing heterosexual
abstinence or using study-
specified contraception
Concurrent treatment with other
agents with antiviral activity
against SARS-CoV-2

ALT or AST > 5 x ULN
Impaired renal function or need
for hemodialysis or
hemofiltration

Pregnant woman

Breastfeeding woman
Hypersensitivity to the study
drug

Anticipated discharge or transfer
to another hospital within 72 h
Interactive web response system

e Remdesivir (10-day course)
e Standard care (placebo)

The time to recovery, defined by
either discharge from the hospital
or hospitalization for infection
control purposes only

Remdesivir was superior to placebo
in shortening the time to recovery

29 days
National Institute of Allergy and
Infectious Diseases and others

105 sites in the United States, Europe,
and Asia

584

March 2020
April 2020
August 2020

Patients hospitalized with severe SARS-
CoV-2 infection and moderate COVID-
19 pneumonia (pulmonary infiltrates
and room-air oxygen saturation > 94%)
Open-label; multicenter; RCT
Aged > 18 or aged > 12 and < 18
years of age but weighing > 40 kg
(parents to sign the consent) SARS-
CoV-2 infection confirmed by PCR <
4 days before randomization
Radiographic infiltrates
SpO2 > 94% on room air at screening
Radiographic infiltrates
Hospitalized and requiring medical
care for COVID-19
Practicing heterosexual abstinence or
using study-specified contraception

Concurrent treatment with other
agents with antiviral activity against
SARS-CoV-2

Requiring mechanical ventilation at
screening

ALT or AST > 5 x ULN

Creatinine clearance < 50 mL/min
Pregnant woman

Breastfeeding woman

e Hypersensitivity to the study drug

Interactive web response system

e Remdesivir (5-day course)

e Remdesivir (10-day course)

o Standard care

Clinical status assessed on the 7-point
ordinal scale on study day 11

Remdesivir (5-day course) was superior
to standard care in terms of care
associated with higher odds of better
clinical status

28 days

Gilead Sciences

405 sites in 30 countries (all
over the world)

5451

March 2020

October 2020

November 2020 (preprint)

Patients hospitalized with
SARS-CoV-2 infection

Open-label; multicenter; RCT
o Aged > 18 years old

e SARS-CoV-2 infection
confirmed by PCR
Hospitalized and requiring
medical care for COVID-19
Not anticipated to be
transferred within 72 h

Patients without clear
consent to follow-up
Contraindication per
physician’s evaluation
Received
hydroxychloroquine,
Lopinavir-Ritonavir or
Interferon

Cloud-based GCP-compliant
clinical data management
system)

e Remdesivir (10-day course)
o Standard care

All-cause mortality

Remdesivir was not superior to
standard care in reducing all-
cause mortality

28 days
World health organization and
participating countries

ALT = Alanine aminotransferase; AST = Aspartate aminotransferase; COVID-19 = Coronavirus Disease 2019; PCR = Polymerase chain reaction; SARS-CoV-2 = severe
acute respiratory syndrome coronavirus 2; ULN=Upper limit of normal.
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[18]. Odds ratio was not reported in our analysis as we are evaluating
data from clinical trials and using odds ratio in this kind of studies could
be misleading [19]. We used I statistics to measure the extent of un-
explained statistical heterogeneity: I* greater than 50% was considered a
high degree of between-study statistical heterogeneity [20]. We did not
examine the publication bias as we were underpowered to detect pub-
lication bias due to small number of studies. The 95% CIs that did not
cross 0 were considered statistically significant. We used R studio for all
analyses in this study.

2.5. Sensitivity analysis

We performed a sensitivity analysis limited to patients with moder-
ate COVID-19 for time to clinical improvement and rates of recoveries
and deaths (data were pooled from Spinner et al. [9], and patients with
moderate severity in Beigel et al. [7] and Pan et al. [21]). We also
performed another sensitivity analysis by excluding one trial at a time
and repeating the analysis (leave-one-out analysis) for all outcomes.
Given the small number of studies, meta-regression analysis was not
done.

2.6. Role of the funding source
The study received no funding.
3. Results

We reviewed 564 articles for eligibility, 4 RCTs encompassing 7334
patients were selected (Fig. 1). There was some variation among RCTs
with regards to designs and characteristics of participants (Table 1). A
summary of baseline characteristics and comorbidities of the included
patients are available in appendix (Appendix Table 4). Wang et al. [5]
(double-blinded RCT) included patients with severe COVID-19 and
showed a trend towards faster time to clinical improvement that did not
reach statistical significance; however because this trial was stopped
early (due to the decline in new cases in China), it may have been un-
derpowered to detect an effect. The Adaptive COVID-19 Treatment Trial
Part 1 (ACTT-1) by Beigel et al. [7] (double-blinded RCT) included 1062
participants with severe COVID-19 and demonstrated that remdesivir
shortened the time to recovery compared to placebo in individuals with
severe COVID-19. Spinner et al. [9] (open label RCT) included patients
with moderate COVID-19 with oxygen saturation of more than 94% on
room air. It compared 5-day remdesivir treatment to 10-day remdesivir
treatment to control (standard care) and showed a significant difference
in clinical status in patients using remdesivir but of uncertain clinical
importance; however, it did not adjust or control for severity of disease
and the use of other COVID-19 therapeutics. Pan et al. [8] (open label
RCT) is the biggest trial and included COVID-19 patients with different
severities, it compared 10-day treatment of remdesivir to control
(standard care) and showed no mortality benefit of using remdesivir.

Overall, the proportion of enrolled women varied from 35 to 44%.
The prevalence of hypertension ranged from 38% to 50%, and diabetes
21% to 44%. There were 24.3% patients with diabetes in the remdesivir
group while there were 26.1% patients with diabetes in the control
group. Systemic corticosteroids were administered to 40.4% of the pa-
tients in the remdesivir arm and to 42.3% of the patients in the control
arm. (Appendix Table 4). Severity ordinal scale in this meta-analysis was
designed to be compatible with the scales used in all included trials and
has 6 categories: (1) Patients not requiring admission to the hospital (2)
Admitted to hospital but not requiring supplemental oxygen (3)
Admitted to hospital and requiring supplemental oxygen (4) Admitted to
hospital and requiring high-flow nasal cannula or non-invasive me-
chanical ventilation (5) Admitted to hospital and requiring extracor-
poreal membrane oxygenation or invasive mechanical ventilation and
(6) Death. The severity score of the included patients ranged from 2 to 5
at baseline; patients with severity score of two were 27.8% (remdesivir)
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vs. 25.4% (control), patients with severity score of three and four were
62.1% (remdesivir) vs. 63.5% (control), while those with severity score
of five were 10.1% (remdesivir) vs. 11.1% (control). The number of
events were abstracted from the included trials at a range of 28-29 days.

The GRADE certainty of evidence [14] ranged from very low to
moderate as we found some issues applying indirectness (combining 5-
day and 10-day treatments of remdesivir in Spinner et al. [9]), incon-
sistency, and imprecision (wide confidence interval) for the studied
outcomes in our analysis (Appendix Tables 2 and 3).

Very low certainty of evidence showed that the use of remdesivir was
not associated with a statistically significant standardized mean differ-
ence (SMD) of time to clinical improvement (SMD -0.80 day; 95% CI
-2.12 to 0.53; p = 0.12; P = 98%). However, moderate certainty of
evidence showed that remdesivir was associated with higher rates of
recovered patient (RD 0.07; 95% CI 0.05 to 0.08; p < 0.01; P = 0%); and
discharged patients (RD 0.07; 95% CI 0.03 to 0.11; p = 0.02; P =0%)
and lower rates of developing serious adverse events (RD -0.05; 95% CI
-0.10 to —0.01; p = 0.04; I? = 0%) compared with control. Moderate
certainty of evidence showed that there was no statistically significant
difference in deaths (RD -0.01; 95% CI -0.03 to 0.01; p = 0.36; P =0%);
and very low certainty of evidence showed that there was no statistically
significant difference in developing any adverse events (RD 0.01; 95% CI
-0.17 to 0.19; p = 0.82; ¥ = 71%) between both groups (Fig. 2A to F).

4. Sensitivity analysis (moderate COVID-19)

Sensitivity analysis limited to patients with moderate COVID-19
showed the following: very low certainty of evidence showed that use
of remdesivir was not associated with statistically significant SMD of
time to clinical improvement (SMD -0.36 day; 95% CI-1.90to 1.18; p =
0.21; I = 36%), moderate certainty of evidence showed no statistically
significant decrease in rates of death (RD 0.00; 95% CI-0.01 to 0.01;p =
0.20; 2 = 0%), but very low certainty of evidence showed statistically
significant increase in recovery rates (RD 0.07; 95% CI 0.02to 0.11; p =
0.03; I2 = 0%) (Appendix Figs. 2-A to 2-C).

5. Sensitivity analysis (Leave-one-out analysis)

Leave-one-out analysis was done by excluding one trial a time and
repeating the analysis. For all studied outcomes, excluding any of the
included trials makes the results statistically non-significant except for
the serious adverse events where excluding Spinner et al. [9] keeps the
results significant due to lower number of adverse events reported in this
trial (Appendix Table 5).

6. Discussion

Our meta-analysis showed that COVID-19 patients receiving
remdesivir had significantly higher rates of recovery and hospital
discharge with lower rates of developing serious adverse events
compared to patients receiving standard of care/placebo. However,
there were no significant differences in the remaining outcomes (stan-
dardized mean difference in time to clinical improvement, and rates of
deaths or developing any adverse events). We did sensitivity analysis
limited to patients with moderate COVID-19 from Spinner et al. [9] and
a group of patients with moderate COVID-19 who were included in
Beigel et al. [7] and Pan et al. [21] which showed that this category of
patients are more likely to demonstrate recovery if they were given
remdesivir without significant effect on mean time to clinical improve-
ment. However, this analysis was with lower power and certainty of
evidence than the main analysis due to lower number of included pa-
tients. Mortality was the only outcome that was reported in all included
studies, and none of the studies showed significant decrease of mortality
but were not adequately powered for mortality outcome.

In our analysis, we pooled the 5-day and 10-day treatment of
remdesivir together, so our study cannot recommend certain duration of
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A
Remdesivir Control
Study Mean SD Total Mean SD Total Weight
Wang, 2020 20.75 2.83 158 22.25 2.70 78 32.3%
Beigel, 2020  11.33 2.23 541 14.00 1.49 521 34.0%
Spinner, 2020 7.50 1.53 384 8.25 2.01 200 33.7%

Total (95% CI)
Prediction interval

1083 799 100.0%

Std. Mean Difference
IV, Random, 95% CI

-0.54 [-0.81; -0.26]
-1.40 [1.54; -1.27]
-0.44 [-0.61; -0.27]

-0.80 [-2.12; 0.53]
[-8.52; 6.92]

Heterogeneity: Tau? = 0.2741; Chi® = 85.62, df = 2 (P < 0.01); I* = 98%

Test for overall effect: t, = -2.59 (P = 0.12)

B
Remdesivir Control Risk Difference
Study Events Total Events Total Weight MH, Random, 95% CI
Wang, 2020 106 150 49 77 84% 0.07 [-0.06; 0.20]
Beigel, 2020 399 541 352 521 47.3% 0.06[0.01;0.12]
Spinner, 2020 353 384 170 200 44.3% 0.07[0.01;0.13]
Total (95% CI) 1075 798 100.0% 0.07 [ 0.05; 0.08]
Prediction interval [ 0.03; 0.10]
Heterogeneity: Tau? = 0; Chi? = 0.04, df = 2 (P = 0.98); I = 0%
Test for overall effect: t, = 24.69 (P < 0.01)
C
Remdesivir Control Risk Difference
Study Events Total Events Total Weight MH, Random, 95% CI
Wang, 2020 92 150 45 77 8.8% 0.03[-0.11;0.16]
Beigel, 2020 361 541 306 521 47.4%  0.08[0.02;0.14]
Spinner, 2020 344 384 166 200 43.8% 0.07[0.01;0.13]
Total (95% ClI) 1075 798 100.0%  0.07 [ 0.03; 0.11]
Prediction interval [-0.06; 0.20]
Heterogeneity: Tau? = 0; Chi? = 0.49, df = 2 (P = 0.78); I = 0%
Test for overall effect: t, = 6.89 (P = 0.02)
D
Remdesivir Control Risk Difference
Study Events Total Events Total Weight MH, Random, 95% CI
Wang, 2020 22 150 10 77 1.8% 0.02[-0.08;0.11]
Beigel, 2020 59 541 77 521 9.8% -0.04[-0.08; 0.00]
Spinner, 2020 5 384 4 200 31.4% -0.01[-0.03;0.02]
Pan (Solidarity), 2020 301 2743 303 2708 57.0% -0.00[-0.02; 0.01]
Total (95% ClI) 3818 3506 100.0% -0.01 [-0.03; 0.01]

Prediction interval
Heterogeneity: Tau® = 0; Chi® = 2.96, df = 3 (P = 0.40); I* = 0%
Test for overall effect: t; =-1.08 (P = 0.36)

Favours remdesivir
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Std. Mean Difference
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-
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Favours control
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-0.2
Favours control

Favours control

[-0.03; 0.02]

Risk Difference
H, Random, 95% CI
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-0.07 [-0.12; -0.02]
-0.04 [-0.09; 0.00]

-0.05 [0.10; -0.01]
[-0.19; 0.08]

Favours remdesivir

Risk Difference
H, Random, 95% CI
0.02 [-0.11; 0.15]
-0.05[-0.11; 0.01]
0.08 [ 0.00; 0.17]

E
Remdesivir Control
Study Events Total Events Total Weight M
Wang, 2020 28 155 20 78 85%
Beigel, 2020 131 532 163 516 37.5%
Spinner, 2020 19 384 18 200 54.1%
Total (95% CI) 1071 794 100.0%
Prediction interval
Heterogeneity: Tau? = 0; Chi? = 0.80, df = 2 (P = 0.67); I = 0%
Test for overall effect: t, = -5.08 (P = 0.04)
F
Remdesivir Control
Study Events Total Events Total Weight M
Wang, 2020 102 155 50 78 23.2%
Beigel, 2020 305 532 323 516 42.4%
Spinner, 2020 211 384 93 200 34.4%
Total (95% ClI) 1071 794 100.0%

Prediction interval
Heterogeneity: Tau? = 0.0033; Chi® = 6.84, df = 2 (P = 0.03); |
Test for overall effect: t, = 0.25 (P = 0.82)

0.01 [-0.17; 0.19]
[-0.90; 0.92]
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Fig. 2. A. Forest plot of mean time to clinical improvement. B. Forest plot of recoveries. C. Forest plot of discharges from hospital. D. Forest plot of deaths. E. Forest

plot of any serious adverse events. F. Forest plot of any adverse events.
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treatment. However, a head to head comparison between 5-day and 10-
day remdesivir treatment was done in Goldman et al. [22] (excluded
from our quantitative analysis as it didn’t include a control arm) which
showed no significant difference between both regimens, and in Spinner
et al. [9] which showed significant difference favouring the 5-day
regimen. Network meta-analysis comparing 5-day to 10-day remdesi-
vir treatment to control/placebo group was not performed in our study
as there are only two studies [9,22] comparing 5-day to 10-day
remdesivir treatment in different population (Spinner et al. [9]
included patients with moderate CVOID-10 infection and Goldman et al.
[22] included patients with severe COVID-19 infection), and both were
open label trials, and had high discontinuation rate of remdesivir in the
10-day treatment group of more than 50%. The Infectious Disease So-
ciety of America (IDSA) currently recommends a 5-day duration in pa-
tients on supplemental oxygen, and 10-day treatment for patients on
mechanical ventilation or Extracorporeal Membrane Oxygenation
(ECMO) [23].

Wang et al. [5] was the first double blinded RCT and randomized
patients with an interval from symptoms onset to enrollment of 12 days
or less; it had 158 patients in the remdesivir arm while 78 patients
received placebo. The study was terminated early due to disease control
in China and safety concerns as more adverse events were reported in
the remdesivir compared to placebo arm (12% vs 5%). It indicated a
possible trend towards clinical benefit in remdesivir group and hence
necessitating larger sample size for confirmation. Corticosteroid was
used in 65% of patients who received remdesivir and in 68% of patients
in placebo arm which may have confounded the results.

Beigel et al. [7] (ACTT-1) randomized 1062 patients hospitalized
with COVID-19 and evidence of lower respiratory tract infection to
remdesivir or placebo. The study demonstrated that remdesivir was
superior to placebo in shortening the time to recovery in hospitalized
COVID-19 patients and odds of improvement (secondary endpoint) was
also significantly favouring remdesivir over placebo. There was a trend
towards survival benefit at day 29 but didn’t reach to statistically sig-
nificant point. The beneficial effect of remdesivir was mainly noticed in
participants who were within the severe disease stratum but not
requiring mechanical ventilation or ECMO at enrollment which may
suggest starting remdesivir early in the disease course or it could be due
to lower number of patients who were enrolled in this category that
didn’t reach to enough power to demonstrate significant effect. The
primary outcome was changed after the trial was started from a com-
parison of the eight-category ordinal scale scores to the time to recovery.
In our analysis, we didn’t include the time to recovery (defined as either
discharge from the hospital or hospitalization for infection-control
purposes only) which was the primary outcome in this trial. Instead,
we included time to clinical improvement (improvement of at least of 2
points on the severity ordinal scale) to be compatible and more ho-
mogenous with other included trials.

Spinner et al. trial [9] was open label trial, and was the only trial to
include adolescents (at age of >12). This trial was designed for patients
with moderate COVID-19 (no oxygen requirements) though around 15%
of patients required oxygen at enrollment. It randomized 596 patients
with COVID-19 and moderate pneumonia in 1:1:1 ratio to receive 10-
day course of remdesivir, a 5-day course of remdesivir, or standard
care infection. It showed that patients randomized to 5-day but not 10-
day treatment duration had a statistically significant difference in clin-
ical status. However, the difference was of uncertain clinical impor-
tance. A subgroup analysis excluding the patients who required oxygen
at baseline still showed a significant difference favouring remdesivir
over standard care. The 10-day treatment group in this study could be
affected by the assigned duration of remdesivir treatment as rates of
discharge peaked on the day after the end of dosing in both groups. The
discontinuation rate was very high in the 10-day treatment arm (120 out
of 197 and the median duration of treatment was 6 days). The primary
end point was changed after starting the study from discharge rate to
ordinal scale.

Contemporary Clinical Trials 101 (2021) 106272

Pan et al. [21] (Solidarity trial) is the biggest trial (open label RCT)
and was conducted by WHO in 30 countries. It didn’t show a decrease of
in-hospital mortality, although there was a trend of decreasing mortality
in those not on a ventilator. The main limitation of this study is that
there was no follow up after discharge and didn’t report other outcomes
like time to clinical improvement and adverse events.

In general, remdesivir has a fair safety profile. Our analysis showed
lower serious adverse events among patients in the remdesivir arm and
no difference in any adverse events rates. Wang et al. [5] and Spinner
et al. [9] trials showed higher rates while Beigel et al. [7] showed lower
rates of any adverse events among patients in the remdesivir group. All
the trials that reported adverse events showed lower rates of serious
adverse events among patients in the remdesivir arm. Hepatotoxicity is
usually the main concern and was identified in Phase 1 trials (unknown
mechanism) and were found to be related to the dose and duration of
remdesivir treatment. It will be difficult to evaluate hepatotoxicity in
COVID-19 as the disease itself can cause elevation in liver enzymes and
no evidence of higher rates of hepatotoxicity was found among the
included trials in our analysis. Nephrotoxicity was noticed in nonclinical
studies but the included trials in our analysis didn’t show evidence of
renal toxicity in remdesivir group. The safety profile of remdesivir in
pediatric and pregnant patients is still unclear, and further trials eval-
uating these population will help in understanding its safety [24].

The United States Food and Drug Administration (FDA) initially
approved the use of remdesivir for the treatment of COVID-19 in light of
the results of Beigel et al. [7], Spinner et al. [9], and Goldman et al. [22]
trials. After publishing the results of Pan et al. [8] trial, the FDA updated
their approval of using remdesivir for COVID-19 though it was the
biggest trial and didn’t show mortality benefit. This update was based on
the fact that Beigel et al. [7] was better designed to evaluate a time to
recovery endpoint compared to Pan et al. [8] trial that didn’t evaluate
this outcome [25].

Our study results are compatible with some results of observational
studies: (1) Olender et al. [26] compared the remdesivir arms (5-day and
10-day treatment) used in the Goldman et al. study with an ongoing
retrospective standard-care cohort study (GS-US-540-5807 study). This
comparison showed significant higher recovery rates (74.4% vs 59.9%)
and lower death rates (7.6% vs 12.5%) among remdesivir arm compared
to standard care treatment in patients with severe COVID-19. (2) Lin
et al. [27] (accessed as a preprint) included stratified risk states (low,
moderate, and severe) of COVID-19 patients, and it showed statistically
significant higher odds of discharge and lower risks of death among the
remdesivir group in all risk states compared to standard care.

Our current study has several important strengths. Our meta-analysis
is the first to evaluate multiple efficacy and safety outcomes including
the time to clinical improvement which is the primary outcome in most
of the included trials by pooling the results of all available RCTs. We
used the Paule-Mandel method in our analysis, and we applied Har-
tung-Knapp/Sidik-Jonkman small-sample adjustments due to the small
number of trials included in the current analysis which is consistent with
general recommendations [28].

However, our findings should be considered in the context of several
limitations. First, the heterogeneity of some of the outcomes we included
were high which could be due to methodological heterogeneity of the
included trials, the heterogeneity of the population, and the duration of
remdesivir use. Second, one of the included trials was an open label trial
and didn’t use placebo, and one was terminated prematurely. Third, the
mean time to clinical improvement was not provided in the included
trials and was calculated from the median and ranges as recommended
which assumes that the included population has normal distribution
[15]. Fourth, this is a study level meta-analysis and a patient level meta-
analysis in future would provide better evidence by better exploring the
possible confounders of the results.

Further trials are evaluating remdesivir in inhaled form
(NCT04539262 and NCT04480333), in combination with tocilizumab
(NCT04409262), in combination with baricitinib (ACTT-2), in



A. Al-Abdouh et al.

combination with intranasal interferon (ACTT-3) and in different pop-
ulations such as pediatric patients (NCT04431453) and adult out-
patients (NCT04501952). All these trials will help in evaluating the
efficacy and safety of remdesivir in COVID-19 patients. The overall
management of COVID-19 has improved as experience with the condi-
tion has been gained. The differences in the timing of the studies and
implementation of newer management methodologies can influence the
differences seen within the analyzed studies, the data obtained, and the
ability to translate these findings to future clinical uses.

7. Conclusion

In conclusion, remdesivir use in patients with moderate or severe
COVID-19 was associated with significant increase in rates of recovery
and hospital discharge and lower rates of serious adverse events. How-
ever, there was no significant difference in mean time to clinical
improvement and mortality. These results suggest the need of more
RCTs to evaluate the role of remdesivir in COVID-19 patients.
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