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ABSTRACT
Objectives Evaluation of remdesivir, an RNA polymerase 
inhibitor, for effectiveness in adults with COVID-19.
Data sources Electronic search for eligible articles of 
PubMed, Cochrane Central and  clinicaltrials. gov was 
performed on 20 September 2020.
Participants and study eligibility criteria Only 
randomised controlled trials (RCTs) evaluating efficacy of 
remdesivir in COVID-19 were included for meta- analysis.
Interventions Remdesivir was compared with standard 
of care.
Primary and secondary outcomes Primary outcome 
was mortality and secondary outcomes were time to 
clinical improvement and safety outcomes like serious 
adverse events, respiratory failure.
Study appraisal and synthesis methods Data synthesis 
was done with Cochrane review manager 5 (RevMan) 
V.5.3. Cochrane risk of bias V.2.0 tool was used for 
methodological quality assessment. The GRADE pro GDT 
was applied for overall quality of evidence.
Results 52 RCTs were screened and 4 studies were 
included in analysis, with total of 7324 patients. No 
mortality benefit was observed with remdesivir versus 
control group (OR=0.92 (95% CI 0.79 to 1.07), p=0.30, 
moderate quality evidence). Significantly higher rates 
of clinical improvement (OR=1.52 (95% CI 1.24 to 
1.87), p<0.0001, low quality) and faster time to clinical 
improvement (HR=1.28 (95% CI 1.12 to 1.46), p=0.0002, 
very low quality) was observed with remdesivir versus 
control group. Significant decrease was found in the risk 
of serious adverse events (RR=0.75 (95% CI 0.62 to 0.90), 
p=0.0003, low quality); however, no difference was found 
in the risk of respiratory failure (RR=0.85 (95% CI 0.41 to 
1.77), p=0.67, very low quality evidence) with remdesivir.
Conclusions As per the evidence from current review, 
remdesivir has shown no mortality benefit (moderate 
quality evidence) in the treatment of COVID-19. From a 
cost–benefit perspective, it is our personal opinion that it 
should not be recommended for use, especially in low and 
lower middle income countries.
Trial registration number PROSPERO registration 
number: CRD42020189517.

INTRODUCTION
COVID-19 has created a pandemic all over the 
world.1 2 The global pandemic of SARS- CoV-2 
infections has affected more than 141 million 

people worldwide and has been the cause 
of 3.026 million deaths globally by 18 April 
2021 as per COVID-19 statistics data. Around 
120 million people have recovered and as the 
trend suggests most of them stay asymptom-
atic and few of them develop pneumonia- 
like symptoms that does not require oxygen 
support.3 A very small percentage get crit-
ical to the limit of hypoxia, acute respiratory 
distress syndrome and multiorgan failure. 
Among these critical patients who are being 
put on mechanical ventilation, half of them 
die.

The search for an effective therapy or 
preventive modality has become the utmost 
need of the hour. There are few proposed 
and approved drugs with some antiviral 
action and they are under investigation 
simultaneously across the globe. But as yet 
no proven effective therapy for SARS- CoV-2 
has been accepted widely. Among the few 
promising therapies available remdesivir, 
a viral RNA polymerase inhibitor has been 
recommended by US Food and Drug Admin-
istration (FDA) as a drug for compassionate 
use for treatment of patients with COVID-19. 
Remdesivir, a nucleoside analogue prodrug, 
has shown inhibitory effects on SARS- CoV-2, 

Strengths and limitations of this study

 ► Four randomised controlled trials (RCTs) were in-
cluded in our analysis with total sample size of 7324 
patients.

 ► Risk of bias (ROB) of RCTs was done using Cochrane 
ROB-2 scale.

 ► ROB-2 showed low ROB for WHO Solidarity trial and 
Wang et al and high ROB for Beigel et al and Spinner 
et al

 ► GRADE was applied and overall evidence suggested 
no mortality benefit with remdesivir (moderate qual-
ity evidence).

 ► Cost–benefit analysis revealed higher cost with no 
mortality benefit.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-8990-3235
http://dx.doi.org/10.1136/bmjopen-2020-048416
http://dx.doi.org/10.1136/bmjopen-2020-048416
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-048416&domain=pdf&date_stamp=2021-06-24
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both in vitro and in animal models. However, even for the 
above- mentioned studies, contrasting results have been 
reported in different nations like China and USA.3 Varied 
study designs,4 5 genetic reasons and different treatment 
regimens (5 or 10 days) have been attributed for this 
difference.

Only two randomised controlled trials (RCT) have 
shown efficacy of remdesivir in patients with COVID-
19. Many RCTs are undergoing to assess the benefit–risk 
ratio of remdesivir. Current review was planned to assess 
the mortality and clinical benefit in addition to safety 
of remdesivir in the treatment of COVID-19 caused by 
SARS- CoV-2.

METHODS
Protocol and registration
Review was done following the “PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses”) statement. “PROSPERO (International 
Prospective Register of Systematic Reviews) database” regis-
tration was done with study number as CRD42020189517.

Inclusion criteria
Exclusively RCTs evaluating role of remdesivir compared 
with standard care in COVID-19 were included. Observa-
tional studies, review articles, case reports or case series 
were excluded.

Search and selection of studies
Electronic literature search was performed in PubMed, 
Cochrane Central Register of Controlled Trials, in addi-
tion to  clinicaltrials. gov on 20 September 2020, to iden-
tify the relevant published articles. Additional search was 
done in November 2020 for results of completed trials. 
Bibliographic search of published articles were also done 
manually to identify more studies. Only English language 

studies published were included. Search was performed 
using medical headings like ‘SARS- CoV-2’, ‘COVID-19’, 
‘Remdesivir’, ‘COVID-19’, ‘novel coronavirus’. RCT 
restriction was applied. PubMed search strategy is given 
in online supplemental file 1).

After removal of duplicate articles, two independent 
authors reviewed the studies for inclusion in review.

Data extraction
Study design, remdesivir doses and regimens, total 
subjects along with their characteristics, efficacy and 
safety outcomes were extracted and filled on a prestruc-
tured form.

Study objectives
The primary objective of review was assessment of 
mortality (defined as deaths in each group). The 
secondary outcomes were clinical improvement and viro-
logical cure. In addition, serious adverse events (AEs) and 
other safety parameters were assessed. Cost–benefit anal-
ysis was also performed for remdesivir.

Quality assessment
Two authors independently (DK and AC) performed risk 
of bias (ROB) of RCTs using Cochrane Collaboration 
ROB-2.6 Overall assessment was recorded as high, low and 
some concerns. Synthesis of ROB plots was done using 
online software Robvis (visualisation tool).7

For publication bias assessment, funnel plot asymmetry 
was not assessed as studies were less than five. However, 
Egger’s regression test was applied.

Data synthesis and summary measures
Mortality and other outcome data were presented as OR 
or HR with 95% CIs. Synthesis of data was done using 
“Review Manager 5 (RevMan) Version 5.3” (Copenhagen: 
The Nordic Cochrane Centre, The Cochrane Collabora-
tion, 2014).8 The heterogeneity among RCTs included in 
review was judged with I2.9 10 The results of both fixed and 
random effect model were assessed for interpretation.9 11

Quality of evidence—GRADE Pro GDT
GRADE pro GDT (guideline development tool) software 
(https://gradeproorg/.) was applied for assessment of 
overall quality of evidence.12 Optimal information size or 
sample size for either group was computed to be 1213 
patients. Overall GRADE assessment was classified as 
high, moderate, low or very low.12

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
Study PRISMA flow diagram
The RCTs included in review are depicted in PRISMA 
flow chart (figure 1). Out of total 52 records screened, 

Figure 1 PRISMA flow chart depicting study selection 
process.

https://dx.doi.org/10.1136/bmjopen-2020-048416
https://gradeproorg/
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4 RCTs3 13–15 were included in analysis. One study was 
excluded as it was single arm study,4 one was in Spanish 
language and other two were non- COVID trial16 and 
historical control study.17

Study characteristics
Study characteristics of RCTs of present systematic review 
are mentioned in table 1.

Risk of bias
The overall ROB was judged as “Low”, as ROB for WHO 
solidarity trial14 and Wang et al3 was assessed as low. Study 
done by Beigel et al13 and Spinner et al15 was regarded as 
having “High” ROB. Hence, ROB assessed for outcomes 
having data only from Beigel et al and Spinner et al in 
GRADE analysis was regarded as having serious issues. 

The ROB of RCTs is represented in figure 2 and online 
supplemental figure 1.

Efficacy outcomes
Mortality
Mortality data were included from 4 RCTs with 3818 and 
3506 patients in remdesivir and standard of care groups, 
respectively. Remdesivir was found to have no mortality 
benefit as compared with control group (OR=0.92 (95% 
CI 0.79 to 1.07), p=0.30; I2=0) (figure 3A). Subgroup anal-
ysis revealed no mortality benefit in low- risk and high- risk 
groups (figure 3A, online supplemental figure 2)

Clinical improvement
Statistically significant increase in rates of clinical 
improvement in remdesivir versus controls was observed 

Table 1 Characteristics of clinical studies evaluating remdesivir for treatment of COVID-19

Author, year
(study design)

Institution/country of 
study conduct

Study interventions 
(N)/regimen

Study control 
(N)/regimen

Study population 
characteristics Study outcomes

Beigel et al 2020
(randomised 
controlled trial)

Multicentre trial Remdesivir (538); 
200 mg on day 1 
followed by 100 mg 
on days 2–10 in single 
daily infusions

Placebo (521) Hospitalised adults 
patients with COVID-19 
with evidence of 
lower respiratory tract 
involvement.

Time to recovery: Patients in the 
remdesivir group had a shorter time to 
recovery than patients in the placebo 
group (median, 11 days, as compared 
with 15 days; rate ratio for recovery, 
1.32; 95% CI (CI), 1.12 to 1.55; 
p<0.001
Mortality: Kaplan- Meier estimates of 
mortality by 14 days were 7.1% with 
remdesivir and 11.9% with placebo 
(HR for death, 0.70; 95% CI, 0.47 to 
1.04)

Spinner et al
(randomised 
controlled trial)

Multicentre trial Remdesivir - 10 days
(n=197),
Remdesivir - 5 days 
(n=199)

Standard care 
(n=200)

Confirmed SARS- CoV-2 
infection and moderate 
COVID-19 pneumonia 
(pulmonary infiltrates and 
room- air oxygen saturation 
>94%)

Day 28
Mortality rate n(%) – remdesivir 10 
day=3 (2); remdesivir 5 days=2 (1), 
standard=4 (2)
Clinical Improvement n(%) - remdesivir 
10 day=174((90), remdesivir 
5 day=171(90), Standard=166(83)

Wang et al 2020
(randomised 
controlled trial)

Department of 
Pulmonary and Critical 
Care Medicine, China- 
Japan Friendship 
Hospital, Beijing, China

Remdesivir (158); 
at least 1 dose after 
entering ICU; 200 mg 
on day 1 followed 
by 100 mg on days 
2–10 in single daily 
infusions

Placebo (79) Hospitalised adults 
patients with COVID-19 
symptom onset to 
enrolment interval of <12 
days, oxygen saturation 
<94% on room air or a 
ratio of arterial oxygen 
partial pressure to 
fractional inspired oxygen 
of 300 mm Hg or less, and 
radiologically confirmed 
pneumonia

Time to clinical improvement 
within 28 days after randomisation: 
Remdesivir use was not associated 
with a difference in time to clinical 
improvement (HR 1.23 (95% CI 0.87 
to 1.75)). Although not statistically 
significant, patients receiving 
remdesivir had a numerically faster 
time to clinical improvement than 
those receiving placebo among 
patients with symptom duration of 10 
days or less (HR 1.52 (0.95 to 2.43)
28- day mortality: similar between 
the two groups (22(14%] died in the 
remdesivir group vs 10 (13%) in the 
placebo group; difference 1.1% (95% 
CI –8.1 to 10.3)).

WHO Solidarity 
Trial 2020
(randomised 
controlled trial)

WHO, Multicentric trial 
(405 hospitals in 30 
countries)

Remdesivir (2743); 
day 0, 200 mg; days 
1–9, 100 mg

Placebo (2708) Hospitalised with a 
diagnosis of
COVID-19, age ≥18 
years, not known to 
have received any study 
drug, without anticipated 
transfer elsewhere within 
72 hours

Mortality rate:
Remdesivir RR=0.95 (0.81 to 1.11, 
p=0.50; 301/2743 active vs 303/2708 
control).
Hydroxychloroquine RR=1.19 (0.89 to 
1.59, p=0.23; 104/947 vs 84/906),
Lopinavir RR=1.00 (0.79 to 1.25, 
p=0.97; 148/1399 vs 146/1372)
Interferon RR=1.16 (0.96 to 1.39, 
p=0.11; 243/2050 vs 216/2050)

https://dx.doi.org/10.1136/bmjopen-2020-048416
https://dx.doi.org/10.1136/bmjopen-2020-048416
https://dx.doi.org/10.1136/bmjopen-2020-048416
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(OR=1.52 (95% CI 1.24 to 1.87), p<0.0001; I2=0%) 
(figure 3B). Results were drawn from 3 RCTs with total of 
1879 patients.

Time to clinical improvement
Pooled analysis revealed that there was significantly faster 
time to clinical improvement in remdesivir group as 
compared with controls (HR=1.28 (95% CI 1.12 to 1.46), 
p=0.0002; I2=0%) (figure 3C). Data extracted from 2 
RCTs with total of 1292 patients.

Safety outcomes
Serious AEs
Pooled analysis revealed significant decrease in the risk of 
serious AEs in remdesivir group as compared with control 
(RR=0.75 (95% CI 0.62 to 0.90), p=0.0003; I2=0%) 
(figure 4A). This data were extracted from 3 RCTs with a 
total of 1875 patients.

Respiratory failure
No difference in the risk of respiratory failure between 
remdesivir and control groups was found (RR=0.85 (95% 
CI 0.41 to 1.77), p=0.67; I2=55%) (figure 4B). Findings 
were derived from 2 RCTs with a total of 1291 patients.

Cost–benefit analysis
The cost of remdeisvir is US$2340 per patient. There is 
lack of mortality benefit as per our review.

Publication bias
Though the funnel plot asymmetry was not assessed, the 
Egger’s regression test applied on four studies included 
in mortality rate assessment showed no publication bias (t 
= −0.5947, p=0.6123).

Grade analysis of the primary and secondary outcomes
The GRADE analysis recommendation for mortality was 
‘Moderate’ evidence quality. Though there is low ROB, low 
heterogeneity and direct outcome but there are serious 
concerns with imprecision. The quality of evidence for 

clinical improvement and time to clinical improvement 
were graded as “Low” and “Very Low”, respectively. The 
GRADE recommendation for serious AE and respiratory 
failure were “Low” and “Very low” quality of evidence 
respectively, as there was presence of high ROB and high 
imprecision. The GRADE recommendation is shown in 
table 2.

DISCUSSION
With the existing recommendation of USFDA for compas-
sionate use of remdesivir in patients with COVID-19, it 
is being used worldwide. Current systematic review was 
planned for formulating recommendation from RCTs 
evaluating the efficacy of remdesivir in patients with 
COVID-19.

In the current systematic review, the OR for mortality 
failed to show any significant mortality benefit with the 
use of remdesivir. WHO solidarity trial14 showed no 
mortality benefit with the use of remdesivir. Though it was 
an open- label study, it is less likely to have bias in assess-
ment of objective outcome like mortality. A total of 3451 
patients were included in remdesivir and standard of care 
groups. Subgroup analysis revealed no mortality benefit 
in low risk (figure 3A—no oxygen requirement, online 
supplemental figure 2, no invasive ventilation) or high 
risk (figure 3A—oxygen requirement or assisted ventila-
tion, online supplemental figure 2—invasive ventilation) 
group of patients with remdesivir.

At the time of recruitment, more patients were on inva-
sive mechanical ventilation or extracorporeal membrane 
oxygenation (ECMO) in the placebo group. There were 
significantly more AEs reported in the control group in 
our review. This was due to the high incidence of serious 
AE in Beigel et al study.13 This is rare occurrence that 
serious AE were significantly more in control group. 
The fact that more severe patients were randomised into 
control group in the study by Beigel et al13 is the major 

Figure 2 ROB-2: risk of bias in RCT evaluating remdesivir for treatment of COVID-19.

https://dx.doi.org/10.1136/bmjopen-2020-048416
https://dx.doi.org/10.1136/bmjopen-2020-048416
https://dx.doi.org/10.1136/bmjopen-2020-048416
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reason for this finding. Similarly, the serious AE which 
also included the clinical events like renal failure and 
respiratory failure (5.2% in remdesivir and 8% in placebo 
arm) were also observed more in placebo group. Despite 
this imbalance, remdesivir was unable to show superiority 
in mortality rate.

Subgroup analysis of Beigel et al13 study revealed that 
remdesivir resulted in significant rate of clinical improve-
ment in COVID-19 patients on oxygen therapy, while the 

patients not on oxygen, or on high flow oxygen or non- 
invasive ventilation and receiving mechanical ventilation 
or ECMO had similar clinical improvement as standard 
of care.

Placebo used in Beigel et al13 study was sulfo- butyl- ether 
b- cyclodextrin- sodium, used to dissolve remdesivir. The 
maximum recommended daily dose is approximately 
250 mg/kg solvent used to dissolve remdesivir.13 The 
amount of solvent present in placebo was not quantified 

Figure 3 (A) Mortality rate, (B) clinical improvement and (C) time to clinical improvement of remdesivir versus control treatment.
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in protocol. Dose of solvent should be modified in patients 
with eGFR fall of more than 50% from baseline and is 
contraindicated in patients with eGFR less than 30 mL/
min. But such modification were not done in either arms. 
Hence, the effect of solvent on patients with impaired 
renal function can be detrimental and cannot be ruled 
out.

In the study by Beigel et al,13 the median time of admin-
istration of drug from randomization was 9 days. Median 
recovery time from randomization was 11 days. In addi-
tion, 302 patients in remdesivir group did not receive 10 
days of treatment. Therefore, it is difficult to infer that 
remdesivir resulted in recovery of patients, as an average 
of 2 days of administration of remdesivir resulting in 
complete recovery of patients seems implausible.

Virological cure is also an important outcome which was 
neglected by the authors. Wang et al reported no differ-
ence (percentage difference=−7.5 (95% CI −19.2 to 4.2)) 
in undetectable viral RNA load in remdesivir (75.6%) and 
placebo groups (83.1%). Patients may become asymptom-
atic but not cured. It has been observed that asymptomatic 
patients with RT- PCR positive test can have thromboem-
bolic and chest CT changes. Study done by Merkler et al 
observed that 8 patients (26%) out of total 31 patients 
who had an ischaemic stroke were COVID-19 positive on 
RT- PCR testing. They did not have any COVID-19 symp-
toms on presentation.18 Silent hypoxaemia is a disturbing 
feature in asymptomatic patients with COVID-19 and has 
been found to be associated with poor outcomes.19

The Phase 3 SIMPLE trial4 results published in New 
England Journal of Medicine does not include a standard 
of care group. Similar to Beigel et al virological cure 
was not reported.4 Clinical status at day 14 was similar 
in 5- day course of remdesivir as compared with 10- day 
course. However, in comparison to standard care, 5- day 
group (OR 1.65 (95% CI 1.09 to 2.48); p=0.017) showed 

significant improvement while 10 day group did not (OR 
1.31 (95% CI 0.88 to 1.95); p=0.18). Death reported on 
day 11 was similar in all three groups.20

In another study published by Grein et al5 in which 
compassionate use of remdesivir was done, did not have 
a control arm. Hence, the conclusion that remdesivir is 
effective cannot be drawn as the possibility of observing 
similar findings in control arm cannot be ruled out.

Three systematic reviews and meta- analysis were 
published on remdesivir.21–23 However, none of the 
reviews have included WHO solidarity trials in review. 
Exclusion of such large study (n=3451) decreases the 
power of systematic reviews. Our results are different 
from all three systematic reviews as Wilt et al23 and 
Shrestha et al21 have concluded mortality benefit with 
remdesivir while Elsawah et al22 concluded significant 
clinical improvement with remdesivir as compared with 
standard care. Meta- analysis performed by Solidarity trial 
group14 has shown no mortality benefit (OR=0.91, 95% CI 
0.79 to 1.05), similar to our review. They did not perform 
meta- analysis with regard to other clinical endpoints and 
safety outcomes. Also, ROB-2 analysis of included RCTs 
and GRADE analysis was not applied.

The cost of the drug is US$2340 per patient but with 
no mortality benefit.24 According to World Bank data, low 
and lower middle income countries have Gross National 
Income per capita less than or equal to $ 1035 and between 
US$1036 to US$4045, respectively.25 As per WHO Global 
Health Expenditure database,26 current health expendi-
ture per capita in low and lower middle income countries 
is less than US$36 and US$86, respectively.26 Therefore, 
from a cost–benefit perspective, we are of the opinion 
that their use should not be recommended, especially in 
low and lower middle income countries. In case of limited 
use, strict evidence- based guidelines should be followed 
for optimum health benefits. The cost of the drug will 

Figure 4 Number of patients with (A) serious adverse events and (B) respiratory failure (remdesivir vs control treatment).
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put extra burden on government by increasing the health 
cost without any benefit. Injudicious use of remdesivir 
without mortality benefit may also lead to increased inci-
dence of AEs.

Limitations and strengths
A major strength of our systematic review is that four 
RCTs were included in our analysis with total sample size 
of 7324 patients. Study done by Wang et al and WHO Soli-
darity trial has low ROB. Robust method of analysis using 
ROB-2 and GRADE analysis is another strength of the 
current systematic review.

Quality of evidence: (GRADE)
The overall quality of systematic review is “Moderate”. 
Critical outcomes like mortality has moderate quality 
evidence. Clinical improvement was regarded as “Low”. 
Time to clinical improvement has “Very low” quality of 
evidence. Time to clinical improvement was used by 
regulatory agencies like US FDA for giving approval to 
remdesivir for treatment of patients with severe COVID-
19. However, the quality of evidence for time to clin-
ical improvement cannot be overlooked. This evidence 
suggests that further research is very likely to have an 
important impact on our confidence in the estimate of 
time to clinical improvement and likely to change the 
estimate. Moderate quality of evidence with regard to 
mortality showed that further RCTs are likely to have 
important impact and may change the no mortality 
benefit conclusion drawn from review.

CONCLUSION
Evidence of our systematic review indicates no benefit in 
mortality rate with remdesivir, with moderate quality of 
evidence. Benefit does exist in terms of rates of clinical 
improvement and faster time to clinical improvement in 
favour of remdesivir, but the evidence is of low and very 
low quality, respectively. Significant decrease in serious 
AEs as compared with placebo strengthens the evidence 
of more serious patients in placebo arm. No difference 
was shown in respiratory failure in the two groups (very 
low quality evidence). All outcomes except mortality in 
our meta- analysis were influenced by Beigel et al and 
Spinner et al, which has high ROB. WHO solidarity trial 
and Wang et al showed no mortality benefit, both having 
overall low ROB.
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