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Abstract
Purpose  This review was aimed to synthesise the best available evidence on the effectiveness and safety of remdesivir in 
the treatment of moderate to severe COVID-19.
Method  Randomised controlled trials (RCTs) and observational studies reporting the effectiveness and safety of remdesivir 
were searched via databases and other sources from December 2019 to December 2020. Two independent reviewers per-
formed literature screening, data extraction and assessment of risk bias. Seven studies involving 3686 patients were included.
Results  Treatment with remdesivir was associated with an increase in clinical recovery rate by 21% (RR 1.21; 95% CI 
1.08–1.35) on day 7 and 29% (RR 1.29; 95% CI 1.22–1.37) on day 14. The likelihoods of requiring high-flow supplemental 
oxygen and invasive mechanical ventilation in the remdesivir group were lower than in the placebo group by 27% (RR 0.73; 
95% CI 0.54–0.99) and 47% (RR 0.53; 95% CI 0.39–0.72), respectively. Remdesivir-treated patients showed a 39% (RR 
0.61; 95% CI 0.46–0.79) reduction in the risk of mortality on day 14 compared to the control group; however, there was 
no significant difference on day 28. Serious adverse effects (SAEs) were significantly less common in patients treated with 
remdesivir, with an absolute risk difference of 6% (RD −0.06; 95% CI −0.09 to −0.03).
Conclusion  Despite conditional recommendation against its use, remdesivir could still be effective in early clinical improve-
ment; reduction of early mortality and avoiding high-flow supplemental oxygen and invasive mechanical ventilation among 
hospitalised COVID-19 patients. Remdesivir was also well tolerated without significant SAEs compared to placebo, yet 
available evidence from clinical studies support the need to conduct close monitoring.
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Key Points 

This systematic review and meta-analysis pooled data 
from 7 studies involving a total of 3686 patients hospital-
ised with moderate-to-severe COVID-19 and compared 
the effectiveness and safety of remdesivir with placebo 
or standard treatment.

Although treatment with remdesivir was associated with 
an increase in the early clinical recovery rate, reduction 
in the risk of early mortality and a lower likelihood of 
requiring high-flow supplemental oxygen and invasive 
mechanical ventilation compared to the placebo or stand-
ard care, there was no significant difference in reducing 
mortality on day 28 for patients with COVID-19.

Remdesivir-treated patients also showed less common 
serious adverse effects than patients treated with the 
placebo or standard care.

Introduction

Worldwide, over 131 million people have been diagnosed 
with Coronavirus Disease 2019 (COVID-19), resulting in 
nearly 2.9 million deaths [1]. As a global pandemic, it has 
resulted in a profound, negative impact on the healthcare 
system, economy and financial markets due to the public 
health crisis, loss of life, reduced productivity, business 
closures, trade disruption, and devastation of the tourism 
industry [2–4]. Healthcare systems worldwide are now expe-
riencing varying levels of stress amid infection rates that 
require a collective response [5].

Several therapeutic agents have been evaluated for the 
treatment of COVID-19 in an attempt to control viral rep-
lication [6]. These involve various approaches, such as the 
antiviral repurposing of drugs that were used in severe acute 
respiratory syndrome (SARS)-CoV-1 and MERS (Middle 
East respiratory syndrome)-CoV, including antiretroviral 
agents; using immunoglobulins and convalescent plasma; 
and the bioinformatics screening of chemical libraries for 
existing compounds/drugs that are likely to act on SARS-
CoV-2 [7]. Multiple antiviral treatment options are under 
investigation for COVID-19 infections [8], including rem-
desivir, which was first developed for the treatment of Ebola 
infection. Remdesivir is a nucleotide prodrug that is metab-
olised intracellularly to the active nucleoside triphosphate 
(ATP) and interferes with viral RNA-dependent RNA poly-
merase activity [7]. This activity led to its use in patients 
with SARS-CoV-2 infection (COVID-19), in the absence 

of any effective treatment. However, the pharmacology 
and pharmacokinetics of remdesivir within the respiratory 
tract and other infected organs of critically ill patients with 
COVID-19 remain largely unknown. Safety information is 
currently fragmented and limited [8].

A small number of observational and experimental stud-
ies have been conducted to examine the clinical benefits and 
safety of remdesivir [9–11]. The first randomised, placebo-
controlled clinical trial in Wuhan, China, could not com-
plete enrolment of the study participants to meaningfully 
evaluate the efficacy of the drug [10]. A preliminary report 
by Gillenwater et al. [12] and a final report by Beigel et al. 
[9] of a larger randomised, double-blind placebo-controlled 
clinical trial of a 10-day course of remdesivir revealed a 
significantly shorter time to recovery when compared with 
placebo (a median of 11 days vs 15 days). Subsequently, a 
randomised, open-label, multicentre study compared 5-day 
and 10-day courses of remdesivir with standard care. There 
was a significant difference in clinical status between stand-
ard care and a 5-day course, while a 10-day course did not 
show statistically significant difference in clinical status 
[13]. Another randomised, open-label trial that compared 
outcomes of 5-day versus 10-day courses of remdesivir in 
patients requiring oxygen therapy showed no significant 
difference in clinical status [11]. These findings, although 
conflicting, prompted the US Food and Drug Administration 
(FDA) to grant emergency use authorisation of remdesivir 
for patients with severe COVID-19 [14] and the European 
Medicines Agency (EMA) [15] to grant conditional market-
ing authorisation of remdesivir for the treatment of COVID-
19 in patients aged 12 years or older.

Although there appears to be a favourable benefit–risk 
profile for remdesivir compared with placebo or standard 
care, there is still limited information on its efficacy and 
safety [16] to inform practitioners, policymakers and leaders 
in formulating management guidelines and to provide direc-
tions for future research. The findings of existing systematic 
reviews and meta-analysis are conflicting [17–24]. Despite 
clinical improvements and reduction in mortality [17, 20, 21, 
24–27], the World Health Organisation has recently issued a 
conditional recommendation against its use in hospitalised 
patients, regardless of disease severity. This prompted us to 
conduct an updated further systematic review and meta-anal-
ysis, with the aim of synthesising the best available evidence 
on the efficacy and safety of remdesivir in the treatment of 
moderate-to-severe COVID-19.
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Method

Criteria for considering studies for this review

Types of studies

The study designs considered were both experimental and 
quasi-experimental, including randomised controlled trials 
(RCTs), controlled clinical trials and experimental studies 
where randomisation had been used. A comparative study 
without randomisation and a cohort study were also included 
based on the outcome measures and reviewers’ agreement. 
Studies assessing the outcomes in patients with co-infection 
with hepatitis-B or human-immunodeficient virus (HIV) 
were excluded.

Types of participants

This review included hospitalised patients aged 12 years or 
over with moderate-to-severe COVID‐19 and being treated 
with remdesivir and placebo or standard care. Patients ran-
domised to a placebo group took matching normal saline and 
those in the standard care group were more commonly pre-
scribed other agents with putative activity against COVID-
19 including corticosteroids, hydroxychloroquine/chloro-
quine, lopinavir–ritonavir, tocilizumab and azithromycin.

Type of intervention and comparators

This review compared remdesivir (5-day and /or 10-day 
course) as an intervention with a 5- or 10‐day course of 
placebo or standard care.

Types of outcome measures

The primary outcomes were median time to recovery; rates 
of clinical recovery on day 7, 14 and 28; all-cause mortal-
ity on day 14 and 28; and the requirement for supplemen-
tal oxygen and mechanical ventilation on day 7, 14 and 28. 
The secondary outcome was remdesivir safety indicated by 
serious adverse effects, grade 3 (severe) and grade 4 (life-
threatening) adverse effects and discontinuation of treatment 
due to adverse effects during the follow‐up period. Serious 
adverse effects included respiratory failure or acute respira-
tory distress syndrome, cardiopulmonary failure, pulmonary 
embolism, recurrence of COVID-19, cardiac arrest, septic 
shock, acute kidney injury, and diabetic ketoacidosis [10]. 
Recovery was defined as hospital discharge or need for hos-
pitalisation but without supplemental oxygen or ongoing 
medical care.

Search strategies

This review was conducted using a Preferred Reporting 
Items for Systematic reviews and Meta-analyses (PRISMA) 
reporting guidelines. A comprehensive search was per-
formed on MEDLINE, WEB OF SCIENCE, Cochrane Cen-
tral Register of Controlled Trials (CENTRAL), Cumulative 
Index to Nursing and Allied Health Literature (CINAHL), 
GOOGLE SCHOLAR, PROQUEST Central, EMBASE 
using a combination of medical subject headings (MeSH), 
and free-text terms until 31 December 2020. Searching was 
conducted by each engine using the keywords: remdesivir 
AND (COVID-19 OR coronavirus OR coronavirus dis-
ease OR coronavirus disease-19 OR severe acute respira-
tory syndrome OR SARS-CoV-2) with no limitations for 
time or language. We repeated the search strategy using the 
above combination but replacing remdesivir with “adenosine 
nucleoside triphosphate analog” and “Veklury”.

Data collection and analysis

Selection of studies

Two authors (MA and MM) independently reviewed the 
titles and abstracts for eligibility according to the inclu-
sion and exclusion criteria. Other reviewer (GP) randomly 
assessed the full-text of some articles. Discrepancies were 
resolved by consensus. If the two reviewers were unable to 
reach consensus, they consulted a senior reviewer (GP).

Data extraction and management

The data extracted included mean/median age, country of 
study, total number of patients included, outcomes, coex-
isting illnesses, the difference in the requirement of sup-
plemental oxygen and ventilation between intervention and 
control group, the primary outcomes and the secondary 
outcomes.

Assessment of risk of bias and publication bias in included 
studies

The risk of bias for randomised controlled trial studies was 
assessed by two independent reviewers (MA and MM) using 
a modified version of the Cochrane Risk of Bias tool [28]. 
Consensus were made with other author (GP) with dis-
cussion on the report. The risk of bias tool consists of six 
domains: selection bias, reporting bias, performance bias, 
detection bias, attrition bias and other sources of bias [28]. 
The risk of bias for non-randomised studies was assessed 
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using the risk of bias in nonrandomised studies of interven-
tions (ROBINS‐I) tool [29]. The publication bias was not 
assessed as there were less than ten studies involved in the 
analysis [30].

Measures of treatment effect

The pooled effect estimate of the dichotomous outcomes 
were presented using a fixed‐effect model. As per the 
Cochrane Review Manager recommendation, when there 
was heterogeneity that could not readily be explained, a 
random effect model was used.

Data analysis

Review Manager version 5.4 (The Cochrane Collaboration, 
Copenhagen) software was used for the statistical analy-
sis. Meta-analysis was undertaken for the time to recovery, 
clinical recovery, all-cause mortality, requirement for sup-
plemental oxygen and ventilation, serious adverse effects, 
discontinuation of remdesivir due to adverse effects and 
grade 3 or 4 adverse effects. Risk ratio (RR) with 95% con-
fidence interval (CI) was used to summarise the efficacy of 
remdesivir, while rate difference (RD) with 95% CI and risk 
ratio (RR) with 95% (CI) were used to summarise the safety 
of remdesivir.

Assessment of heterogeneity

The heterogeneity between studies was assessed using a 
Chi‐squared and/or tau squared (I2) test. I2 values were con-
sidered as moderate for 30–60%, substantial for 50–90% and 
considerable for 75–100% of heterogeneity between studies 
[30]. In case of an I2 value > 50%, the potential sources of 
heterogeneity attributed to severity of the disease, sever-
ity of the adverse effect, level of oxygen requirement were 
explored through subgroup analyses [31]. All statistical 
tests were carried out with the Review Manager (RevMan) 
software suite version 5.4 (The Cochrane Collaboration, 
Copenhagen) [28]. Statistical significance was defined as 
a p value < 0.05.

Results

Characteristics of the included studies

We identified a total of 1186 records from electronic data-
base searches and other sources. After removal of dupli-
cates, 659 studies were screened by title and abstracts. After 
a thorough full-text review of 17 studies, 4 randomised clini-
cal trials [9–11, 13] and 3 non-randomised observational 

studies [5, 32, 33] with a total number of study participants 
of 3686 (1553 patients on 10-day remdesivir vs 391 patients 
on 5-day remdesivir vs 1742 patients on placebo or stand-
ard treatment) were included in the systematic review and 
meta-analysis (Fig. 1). Of the four randomised trials, three 
were placebo-controlled [9, 10, 13] and one trial compared 
5-and 10-day remdesivir treatments [11]. Ten studies were 
excluded due to lack of comparator group and clear outcome 
measuring parameters. In all included studies, the interven-
tion group (treatment arm) consistently received a loading 
dose of remdesivir of 200 mg on day 1 followed by 4 or 
9 days of 100 mg once daily in the 5‐day or 10‐day arms, 
respectively (Table 1).

In all studies, more males than females were included in 
both the remdesivir and control groups. Diabetes and hyper-
tension were the most common comorbidities in both the 
remdesivir and placebo groups. Nearly half (46%) of the 
patients in Kalligeros et al. [32] study were obese (Table 1).

According to six/seven-point ordinal scale, most patients 
in Wang’s study [10] (231/236, 97.9%) and Goldman’s study 
[11] (329/397, 82.9%) were on low or high-flow supplemen-
tal oxygen. Only (93/584, 16%) of the patients in Spinner’s 
study [13] required high- and low-flow supplemental oxygen 
while most (491/584, 84%) patients did not require supple-
mental oxygen. In the Beigel et al. study [9], the majority of 
the patients (618, 60.8%) required either low- or high-flow 
supplemental oxygen (421 low-flow oxygen, 197 high-flow 
oxygen) and about one-third (272, 26.7%) required invasive 
mechanical ventilation/extracorporeal membrane oxygena-
tion (ECMO) (Table 1).

Efficacy outcome measures

Clinical recovery

The findings in relation to clinical recovery were pooled 
from three clinical trials [9, 10, 13] and one observational 
study [32] using a fixed effect model. According to these 
studies, treatment with remdesivir was associated with a 
statistically significant 21% increase in recovery rate (RR 
1.21; 95% CI 1.08–1.35) relative to the control group on 
day 7. Similarly, treatment with remdesivir was associated 
with a 29% increase in clinical recovery rate (RR 1.29; 95% 
CI 1.22–1.37) on day 14. However, its effect declined to 
9% (RR 1.09; 95% CI 1.04–1.14) on day 28. Heterogeneity 
was not significant for days 7 and 28; however, the study of 
Beigel et al. [9] on day-14 with its high effect size resulted 
in significant heterogeneity (p = 0.002; I2 = 76%). After 
removing Beigel et al. from the analysis, the remaining stud-
ies showed a 20% increase in recovery rate (RR 1.20; 95% 
CI 1.12–1.27) with mild heterogeneity (p = 0.42; I2 = 0%) 
(Fig. 2).
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Requirement of supplemental oxygen and ventilation

The pooled analysis from three RCTs [9, 10, 13] showed 
no significant difference between patients treated with rem-
desivir and placebo or standard care in the requirement for 
low-flow oxygen (RR 0.76; 95% CI 0.55–1.06, p=0.11). 
However, the likelihood of requiring high-flow supplemen-
tal oxygen was 27% lower in remdesivir-treated patients 
than placebo (RR 0.73; 95% CI 0.54–0.99, p = 0.04). The 
likelihood of requiring invasive mechanical ventilation or 
ECMO in the remdesivir group was 47% lower than the pla-
cebo group (RR 0.53; 95% CI 0.39–0.72, p < 0.001) (Fig. 3). 
Subgroup analysis comparing days 7, 14 and 28 showed that 
remdesivir-treated patients were less likely to require low- or 
high-flow oxygen and mechanical ventilation than placebo-
treated patients (RR 0.83; 95% CI 0.77–0.90, p < 0.001) 
(Annex II).

All‑cause mortality

Pooled estimate for all-cause mortality were determined 
from four studies [9, 10, 13, 32]. Remdesivir-treated patients 

showed a 39% reduction in the risk of mortality on day 14 
compared to the control (placebo) group (RR 0.61; 95% CI 
0.46–0.79, p = 0.003). However, there was no significant dif-
ference between remdesivir and placebo (RR 0.78; 95% CI 
0.59–1.03, p = 0.09) on day 28. When the study by Wang 
et al. was removed (using sensitivity analysis to see the effect 
measure), the pooled data showed a significant difference 
between remdesivir and placebo group on day 28 (RR 0.73, 
95% CI 0.54–0.99, p = 0.04) with a 27% lower risk of mor-
tality in remdesivir group with mild heterogeneity (p = 0.92; 
I2 = 0%) (Fig. 4).

Median time to recovery and median time to discharge

The findings related to median time to recovery were pooled 
from three studies [9, 10, 13]. Treatment with remdesivir 
was associated with a 37% reduction in a median time to 
recovery compared to a placebo or standard care (RR 0.63; 
95% CI 0.43–0.92; p = 0.02) with mild heterogeneity. Simi-
larly, pooled data from two studies [9, 10] showed that treat-
ment with remdesivir was associated with a 46% reduction 

Fig. 1   PRISMA flow diagram 
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in median time to discharge from hospital compared to pla-
cebo (RR 0.54; 95% CI 0.34–0.86; p = 0.007) (Fig. 5).

Safety outcomes

The pooled data from three RCTs [9, 10, 13] and two obser-
vational studies [5, 32] on the safety outcomes of remdesivir 
showed that serious adverse effects were significantly less 

common in patients treated with remdesivir compared to 
placebo with an absolute risk difference of 6% (RD − 0.06; 
95% CI − 0.09 to − 0.03; p < 0.001). However, there was 
no significant difference between remdesivir- and placebo-
treated patients in discontinuing treatment due to adverse 
effects (RD − 0.00, 95% CI − 0.03 to 0.02; p = 0.80) with 
considerable heterogeneity (I2 = 85%). Removing the study 
by Beigel et al. [9] showed an increased risk of discontinuing 

Fig. 2   Forest plot of clinical recovery rates on day 7, 14 and 28
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treatment due to adverse effects in the placebo group com-
pared to remdesivir-treated patients (RD 0.04; 95% CI 
0.02–0.06; p < 0.001) with moderate heterogeneity (p < 
0.01; I2 =30%). Treatment with remdesivir was associated 
with a 26% lower risk of presenting with grade 3 (severe) 
and grade 4 (life-threatening) adverse effects (RR 0.74; 95% 
CI 57–97; p = 0.03) compared to placebo. Similarly, remde-
sivir was associated with a 24% lower risk of AST eleva-
tion (RR 0.76; 95% CI 0.60–0.96; p = 0.02) with significant 

heterogeneity (I2 = 71%) compared with placebo. Removing 
the observational study by Kalligeros et al. [33] improved 
the heterogeneity (I2 = 46%) with a lower risk of AST eleva-
tion in the remdesivir group (RR 0.58; 95% CI 0.43–0.79, 
p < 0.001). There was also a lower risk of ALT elevation (RR 
0.80; 95% CI 0.69–0.94; p = 0.006) and renal function (RR 
0.66; 95% CI 0.55–0.80; p < 0.001) in the remdesivir group 
compared to standard treatment or placebo (Fig. 6).

Fig. 3   Forest plot of the requirement of supplemental oxygen and ventilation
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Discussion

This systematic review and meta-analysis aimed to provide 
comprehensive evidence regarding the clinical benefits and 
safety profile of remdesivir in hospitalised patients with 
COVID‐19. We used a thorough approach to search for the 
best available data and provided a summary of evidence 
pooled from 7 studies with a total of 3686 patients with 
moderate-to-severe COVID-19. Treatment with remdesivir 
was associated with an increase in the early clinical recov-
ery rate, reduction in the risk of early mortality and a lower 
likelihood of requiring high-flow supplemental oxygen and 
invasive mechanical ventilation, compared to the placebo or 
standard care. Remdesivir-treated patients also showed less 
common serious adverse effects than patients treated with 
the placebo or standard care.

We found that treatment with remdesivir was associated 
with an increased clinical recovery rate by 21%, 29% and 9% 
on days 7, 14 and 28, respectively, relative to the placebo 
or standard care group. After removing Beigel et al. [9] on 
day 14, which had a greater effect size resulting in consider-
able heterogeneity, the pooled result showed that treatment 
with remdesivir increased the clinical recovery rate by 20% 
compared to placebo (RR 1.20; 95% CI 1.12–1.27). Like-
wise, the recovery rate with remdesivir treatment decreased 

from 29% on day 14–9% on day 28, suggesting that rem-
desivir could be more effective for early treatment among 
hospitalised COVID-19 patients. A network meta-analysis 
by Jiang et al. [25] showed that both 10-day and 5-day rem-
desivir regimens were associated with higher probabilities 
of clinical recovery (RR of 10-day regimen: 1.24; 95% CI 
1.07–1.43, RR of 5-day regimen: 1.47; 95% CI 1.16–1.87) 
compared with placebo. Another network meta-analysis of 
four RCTs by Yokoyama et al. [24] demonstrated a higher 
clinical improvement rate in both 5-day (OR 1.89; 95% CI 
1.40–2.56) and 10-day (OR 1.38; 95% CI 1.15–1.66) rem-
desivir groups compared to a standard care group. A recent 
systematic reviews and meta-analysis of RCTs [17, 20, 26] 
reported a consistent clinical benefit of remdesivir in com-
parison to a placebo or standard care.

Although there was no significant difference between 
remdesivir and placebo group with respect to the need 
for low-flow supplemental oxygen (RR 0.76; 95% CI 
0.55–1.06), remdesivir-treated patients were less likely to 
require high-flow supplemental oxygen (RR 0.73; 95% CI 
0.54–0.99) or invasive mechanical ventilation or ECMO (RR 
0.53; 95% CI 0.39–0.72) than patients treated with placebo. 
A subgroup analysis for days 7, 14 and 28 also showed that 
remdesivir-treated patients were less likely to require high-
flow oxygen and invasive mechanical ventilation (RR 0.83; 

Fig. 4   Forest plot of all-cause mortality on day 14 and 28
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95% CI 0.77–0.90) than patients treated with placebo. Our 
pooled data suggest that treatment with remdesivir may have 
prevented complications and serious respiratory failure, as 
shown by lower requirement for supplemental oxygen; a 
lower proportion of patients needing higher levels of respira-
tory support and a shorter subsequent duration of mechani-
cal ventilation or ECMO. This was supported by a system-
atic review and meta-analysis of 3 RCTs that consisted of 
1691 patients and revealed that the odds for mechanical 
ventilation was significantly lower in the remdesivir group 
than the control group (OR 0.48; 95% CI 0.34; 0.69) [21]. 
Overall, the findings suggest that treatment with remdesivir 
is associated with the reduction in the disease burden and 
use of scarce health care resources during this pandemic.

The present review revealed that the remdesivir group 
had lower risk of mortality (RR 0.61; 95% CI 0.46–0.79, 
p = 0.003) than the placebo-treated group on day 14. A meta-
analysis of four studies [34] revealed that remdesivir-treated 
patients had a lower risk of mortality than placebo (OR 0.61; 
95% CI 0.45–0.82; p = 0.001) on day 14. Likewise, a sys-
tematic review of four RCTs for an American College of 
Physicians Practice Points [26] also claimed that remdesivir 

may reduce mortality with absolute risk difference (ARD) 
ranging from − 4 to 1% compared to the placebo. On day 
28, however, there was no significant difference in mortal-
ity between the remdesivir and placebo groups. This is in 
line with a systematic review and meta-analysis conducted 
by Reddy-Vegivinti et al. [21] and Okali GN et al. [22], 
which showed that remdesivir has no effect in reducing 
day-28 mortality in patients with COVID-19 possibly due to 
reduced antiviral activity. Early initiation of remdesivir was 
associated with a mortality benefit on day 14 due to reduc-
tion in time to clinical improvement, highlighting the need 
for appropriately timed remdesivir treatment in moderate-to-
severe COVID-19. Further research is needed to clarify the 
diminishing effect of remdesivir therapy in reducing mortal-
ity over time for patients with COVID-19.

A pooled analysis of four studies revealed that serious 
adverse effects in patients treated with remdesivir were sig-
nificantly lower than the placebo group, with an absolute 
risk difference of 6% (RD − 0.06; 95% CI − 0.09 to − 0.03). 
Specifically, treatment with remdesivir was associated with 
a 26% lower risk rate of grade 3 (severe) and grade 4 (life-
threatening) adverse effects (RR 0.74; 95% CI 57–97). 

Fig. 5   Forest plot of median time to recovery and discharge
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Fig. 6   Forest plot of safety 
outcomes of remdesivir
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Additionally, treatment with remdesivir was associated with 
a lower risk of AST and ALT elevation than placebo with 
a relative risk of 42 % (RR 0.58; 95% CI 0.43–0.79) and 
20% (RR 0.80; 95 % CI 0.69–0.94; p = 0.006), respectively. 
The relative risk of serum creatinine elevation (RR 0.66; 
95%CI 0.55–0.80; p < 0.001) was also lower in the remde-
sivir-treated group than the placebo. A systematic review 
and subgroup analysis by Xu et al. [35] revealed that rem-
desivir did not increase the incidence of acute kidney injury 
in patients with COVID-19. Three RCTs [9–11] indepen-
dently reported that a similar proportion of adverse effects 
occurred in the remdesivir and placebo groups. Spinner et al. 
[13] reported a higher proportion of nausea, hypokalaemia, 
and headache among remdesivir-treated patients. Likewise, 
Montastruc et al. [36] (with no comparator group) reported 
an increased risk of hepatic disorders with remdesivir treat-
ment. In the study by Wang et al. [10], more patients in the 
remdesivir group than the placebo (12% versus 5%) discon-
tinued the drug because of serious adverse effects such as 
respiratory failure or acute respiratory distress syndrome. 
This review, however, revealed that there was no significant 
difference between remdesivir and placebo groups in termi-
nating treatment due to adverse effects (RD: -0.00, 95% CI: 
-0.03-0.02). Although there were conflicting results, rem-
desivir was well tolerated compared with the placebo yet 
available evidence from clinical studies support the need 
to conduct close hepatic and renal monitoring in patients 
receiving remdesivir.

Strengths and limitations

This systematic review and meta-analysis pooled results 
from 3686 patients in 7 completed studies. It provided a 
comprehensive meta-analysis output on clinical, mortality 
and safety benefits of remdesivir over standard care or pla-
cebo. Compared with available reviews [18, 19, 34], our 
study included a greater number of studies and patients and 
determined more positive and robust evidences regarding 
remdesivir-associated mortality and safety. Despite these 
strengths, our review has some limitations. There were open-
label designs in some studies included in the meta-analysis, 
which might potentially have led to biases in both patient 
care and reporting of data. There was lack of validation of 
clinical efficacy of remdesivir and the placebo with the viral 
loads of the patients in both groups. The clinical efficacy of 
remdesivir was assessed by six, seven and eight-category 
ordinal scale, which might not necessarily indicate the bio-
logical mechanisms that are required to interpret the clinical 
efficacy of it. There are differences in definitions of severity 
of COVID-19 cases, ordinal scales and clinical recoveries 
between studies, thus, our pooled results should be inter-
preted carefully. There was heterogeneity in the age groups 

among the trials in which two studies recruited patients aged 
≥12 years, while the rest recruited patients aged 18 years 
and over. The risk of publication bias could not be assessed 
due to the low number of the included studies.

Conclusions

Although there were conflicting results, remdesivir could 
still be effective in early clinical improvement; reduction of 
early mortality and avoiding high-flow supplemental oxy-
gen and invasive mechanical ventilation among hospitalised 
COVID-19 patients. Remdesivir was also well tolerated 
without significant serious adverse effects compared to pla-
cebo, yet available evidence from clinical studies support the 
need to conduct close monitoring. Further research is needed 
to clarify the declining effect of treatment with remdesivir in 
reducing mortality over time for patients with COVID-19.
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