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ABSTRACT -- Purpose: To evaluate the safety and efficacy of remdesivir in adult patients with COVID-19.
Methods: PubMed, Embase, Scopus, Web of Science, Cochrane Library, ClinicalTrials.gov, and medRxiv
databases were searched using a search strategy tailored to each database. The Consolidated Standards of
Reporting Trials (CONSORT) and Strengthening the reporting of observational studies in epidemiology
(STROBE) checklists were used for the studies' qualitative assessment. The outcomes studied were mortality, all
adverse events, serious adverse events, and clinical improvement. The quantitative synthesis was conducted using
fixed and random effects models in the CMA 2.2. Heterogeneity was tested using the I-squared (1) measure.
Results: In general, six studies, including five randomized controlled trials and one cohort study were found
eligible. Comparison of the findings related to both groups receiving remdesivir (10-day remdesivir group) and
placebo/control group showed that remdesivir treatment had no significant effect on mortality at day 14 of the
treatment (RR=0.769; 95% CI: 0.563-1.050; p=0.098), and all adverse events (RR= 1.078; 95% CI: 0.908-1.279;
p= 0.392). However, remdesivir had a significant effect on clinical improvement at day 14 compared to
placebo/control (OR= 1.447; 95% CI: 1.005-2.085; p= 0.047) and reduced serious adverse events (RR= 0.736;
95% CI: 0.611-0.887; p= 0.001). Conclusion: Remdesivir has positive effects on clinical improvement, and
reduction of the risk of serious adverse events. However, it does not influence the mortality at day 14 of treatment.

INTRODUCTION studies have also been performed to assess the
different effects of this drug on COVID-19. One of
In general, although for the treatment of COVID-19, the most notable outcomes evaluated in some studies
several therapeutic agents with minor effects have was the mortality rates at 7, 14, and 28 days of
been examined, no specific effective antiviral therapy. The results of a randomized double-blind
treatment has not been identified for (1). In addition, trial study suggested reduced mortalityfor the
due to the limited accessibility to the recently hospitalized patients with COVID-19 after 10-days
introduced COVID-19 vaccines, (2) drugs with of remdesivir therapy (12). In another similar study,
promising clinical outcomes are welcome. For this however, the mortality rate in the remdesivir group
purpose, numerous drugs including remdesivir, was higher than in the placebo (13). Besides, a
favipiravir, bamlanivimab, dexamethasone with systematic analysis of a limited number of reports
different effects on clinical improvement, mortality, confirmed the beneficial effects of remdesivir (1, 6).
duration of hospital stay (3-6), have been
recommended (7-10). Abbreviation. CONSORT: consolidated reporting standards;
The antiviral agent remdesivir was used as a STRO.BE:s.trengthening the repprting of obs_,ervatio_nal studies in
the epidemiology; RR: risk ratio; CI: confidence interval; OR:

direct-acting drug in the wake of the 2014 Ebola

[ i i L . dds rati
virus outbreak in West Africa (11). Clinical trial odds ratio
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Furthermore, the World Health Organization’s
Solidarity Trial (14) conducted the largest clinical
trial to present the best proposed COVID-19
treatments. However, although their results
demonstrated non-significant differences in the
mortality rate for both remdesivir and the control
groups, the FDA issued immediate approval for the
antiviral drug (15). According to the FDA
recommendations, adults and pediatric patients (over
12 years with more than 40 kg in weight) are eligible
to receive this drug in hospitals. It is also affirmed
that remdesivir is currently prescribing as one of the
principal treatments for COVID-19 in approximately
50 countries (16).

Concerning the inconsistencies in the
published results of the above-mentioned
single studies, the present study was aimed to
systematically review and meta-analyze the findings
of investigated relevant individual studies to evaluate
the safety and efficacy of remdesivir in adult patients
with COVID-19. Furthermore, from the beginning of
the pandemic, mall human studies have been
published over time, however, no systematic review
and meta-analysis has been found that includes all of
these studies. Thus, this study is
an updated systematic review and meta-analysis
assessing the safety and efficacy of remdesivir in
adult patients with COVID-19.

METHODS

Search strategy and databases

This is a systematic review and meta-analysis of
studies found in PubMed, Embase, Scopus, Web of
Science, Cochrane Library, ClinicalTrials.gov, and
medRxiv from the outbreak of COVID-19 until
October 31, 2020. Furthermore, this study described
a PICO structure with several criteria (Population:
Adult patients with COVID-19; Intervention:
Remdesivir treatment; Comparison: Standard care or
placebo; Outcomes: Safety and efficacy). All terms
in were chosen using keywords relevant to MeSH
and Emtree terms. Additionally, the search strategy
based on each specific database was performed using
a combination of COVID-19, remdesivir, safety, and
efficacy keywords.

Inclusion and exclusion criteria

The following inclusion criteria were applied: studies
in adults aged over 18 years with COVID-19,
remdesivir as the main intervention, human
populations, cohort and randomized controlled trials

(RCTs) designs, and English language studies.
Available unpublished studies were also included.
Research design articles, letters, and comments to
editors were excluded.

Quiality assessment

For the RCTs, quality assessment was performed
using consolidated reporting standards (CONSORT)
checklist consisting of 25 items that assess the
quality of the RCTs research method. The minimum
and maximum achievable scores inserted in this
checklist ranged from 0 (low quality) to 25 (high
quality). In addition, the strengthening the reporting
of observational studies in epidemiology (STROBE)
checklist was applied for observational cohort
studies. There were 22 items with minimum and
maximum scores equal to O and 44, respectively.
Eventually, studies with adequate scores entered into
the meta-analysis (scores more than 13 and 16
according to the CONSORT and STROBE
checklists, respectively). For scoring of each item
included in the checklists, all required explanations
were presented and then judged. For scoring of each
item included in the checklists, all required
explanations related to one study were read for
several times and then were judged.

Data extraction

All data transferred to the Endnote software. Then,
studies were selected independently by two authors,
and data extracted from eligible studies. Also, the
studies were checked by a third person if the
reviewers disagreed. In the next stage, an Excel
software-based form was designed. Then, we
summarized the detailed data, including the first
author's surname, title, the geographical location of
the research, date published, study type, patients’
groups, patients’ age, sample size, intervention,
comparison, and results.

Outcome measures

Among the various outcomes reported, we chose
mortality, clinical improvement, all adverse events,
and serious adverse events.

Statistical analysis

The effect estimation was in risk ratio (RR) for
mortality at day 14 of treatment, all adverse events
and serious adverse events, and odds ratios (OR) for
clinical improvement at day 14, with 95% confidence
intervals (Cl). The pooled effects size estimation was
performed by a fixed-effect or random-effect model
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after  heterogeneity results were  assessed.
Heterogeneity was also calculated using the 12 value.

Sensitivity analysis

Sensitivity analyses were conducted for at least two
reasons. First, among the included studies, there was
an unpublished study which was not peer-reviewed.
Second, there was merely a large cohort study among
the included studies versus mall RCTs. Thus, we
separately assessed the results related to changes in
clinical outcomes by excluding these studies. All
data were also analyzed by the Comprehensive Meta-
Analysis software (CMA 2.2).

RESULTS

In the primary search, 1223 reports were found in
different databases from which six were eligible for
our meta-analysis (Figure 1, Table 1).

Mortality at day 14 of the treatment

In general, five studies reported mortality at day 14
of the treatment. The random-effects model results
indicated that the use of remdesivir had no effect on
relative risk of mortality at day 14 of the treatment
(RR=0.769; 95% CI:0.563-1.050; p=0.098) (Figure
2). It was also observed that the heterogeneity of the
studies was moderate at 1°=55%. The results of the
sensitivity analysis revealed when a single cohort
study was dropped from the analysis and met-
analysis was limited to RCTs, overall effect size for
mortality at day 14 of the treatment is statistically
unsignificant (RR= 0.823; 95% CI: 0.578-1.172;
p=0.280).

Clinical improvement at day 14

Only two studies reported clinical improvement on
day 14. The results of using the fixed-effect model
showed that remdesivir therapies were associated
with higher odds of clinical improvement (equal to
44.7%; p<0.05) than the placebo group (OR= 1.447,;
95% Cl: 1.005-2.085; p= 0.047; 1°=0%) (Figure 3).
All adverse events

According to the search results, three studies
reported some information related to adverse events.
The most important adverse events obtained from
these studies were: hypoalbuminemia,
hypokalaemia, anemia, thrombocytopenia, increased
total bilirubin, nausea, and headaches. The random-
effects model showed that remdesivir non-
significantly increased (equal to 7.8%) the risk of all
adverse events in comparison  with the

placebo/control treatment (RR= 1.078; 95% CI.
0.908-1.279; p= 0.392) (Figure 4). In this section,
there was a high degree of heterogeneity among
studies (1°= 68%).

Serious adverse events

Four studies evaluated serious adverse events,
including respiratory failure or acute respiratory
distress  syndrome, cardiopulmonary failure,
pulmonary embolism, and COVID-19 recurrence.
The results of the fixed-effect model determined that
remdesivir significantly reduced the risk of serious
adverse events compared to placebo/control (RR=
0.736; 95% CIl: 0.611-0.887; p= 0.001; I°= 0%)
(Figure 5). In a sensitivity analysis excluding the
unpublished and not peer-reviewed study conducted
by Maffei and Sonia, the overall effect size for
serious adverse events remained statistically
significant with a reduced effect of 2% (RR:0.765;
95% ClI: 0.624-0.915; p=0.004).

DISCUSSION

Remdesivir, as the first and only FDA-approved
antiviral drug, received an emergency use
authorization on May 1, 2020, for treating patients
with COVID-19 at the acute phase (20). However,
mall heterogeneities have been reported for
remdesivir's effects on mortality rate, and adverse
effects. Accordingly, this study aimed to assess the
safety and efficacy of remdesivir compared with
placebo/control in adult patients with COVID-19.
The meta-analysis of the risk ratio suggests that
remdesivir (in comparison with placebo/control) had
no significant effects on mortality at day 14 of
treatment in patients receiving the drug for 10 days.
Our results are not in agreement with those
systematic reviews recently reported (21, 22). Wang
et al. pooled only two studies and found that
remdesivir was significantly associated with a
reduction in mortality at day 14 of treatment for
patients with severe COVID-19 (RR=0.64; 95% CI:
0.44-0.94) (21). Besides, Sarfraz et al. confirmed
that remdesivir significantly reduced mortality on
day 14 of the treatment (95% ClI: 0.45-0.82; p=0.001)
(22). In contrast, systematic review of Juul et al.
suggested that remdesivir had no significant effects
on all-cause mortality at day 28 of treatment
compared with placebo/control (RR= 0.74; 95% CI:
0.40-1.37; p= 0.34) (1), which was consistent with
our results. These discrepancies can be due to at least
two reasons. First, we included one more study than
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= Database (number of reports): PubMed (66), Additional records identified through
555’ Embase (189), Scopus (651), Web of Sciense other sources
= (194), Cochrane library (71), ClinicalTrials.gov (n=1)
S (13) and medRxiv (39)
Total . n=1223
( ) v Records excluded due to
o duplicates
é Records screened by title and abstract (n=282)
3 (n=941)
»
v Records excluded by title and
abstract
) _
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- did not present sufficient statistical
( ) data (n = 29), case studies (n = 11),
letters and comments (n= 3), in
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= Studies included in
g quantitative synthesis (meta-
2 analysis)
= (n=6)
——
Figure 1. PRISMA flow chart
Table 1. Description of characteristics of included studies
Outcomes
Study . Intervention . All Serious  Quality
Author type Design analyzed n Mortality _clmlcal adverse adverse  assessment
improvement
events events
Spinner Randomized, = Remdesivir 200 * * *
RCT open-label, - - NR - 23
17 clinical trial Placebo 384
Beigel Randomized, = Remdesivir 541 * * *
RCT open-label, - NR - - 22
(12) clinical trial Placebo 521
Randomized, = Remdesivir 158 * * * *
Wang (13) RCT open-label, - - - - 22
clinical trial Placebo 8
Randomized, = Remdesivir 2743 *
Pan (14) RCT open-label, - NR NR NR 23
clinical trial Standard care 2708
Olender Retrospective  Remdesivir 312
(18) Cohort Standard care 818 NR NR NR 3
Maffei Randomized, Remdesivir 193 * *
RCT open-label, NR NR * * 14
(19 clinical trial Standard care 200

NR, not reported; *, outcome reported.
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meta-analysis conducted by Sarfraz et al. and three supports our results indicating no effect of
more studies than Wang et al. meta-analysis study. remdesivir on mortality at day 14 of the treatment.
Thus, adding new studies changed the previous The sensitivity analysis results also illustrated
results. Second, a large sample interim study of that excluding the cohort study conducted by
WHO solidarity trial conducted by Pan et al. was Olender et al. (18) had no effect on the results and
included in our study with the most influential and consequently had no effect of remdesivir on
weight on pooled estimation (14). That study also mortality as a clinical outcome.
Study name (Time point) Statistics for each study Events / Total Risk ratio and 95% CI

Risk Lower Upper
ratio limit limit p-Value Remdesivir Placebo/Control

Spinner (2020) (17) 0651 0.177 2398 0519 5/384 4/200 | |
Beigel (2020) (12) 0574 0377 0874 0010 32/538 547521
Wang (2020) (13) 1.092 0465 2568  0.839 15/153 7/78 —
Pan (2020) (14) 0987 0838 1.163  0.878 260/2743 260 /2708
Olender (2020) (18) 0617 0403 0944 0026 24/312 102 /818

0.769 0563 1.050  0.098

0102 05 1 2 5 10

Favours Remdesivir Favours Placebo/Control

Figure 2. Meta-analysis of remdesivir versus placebo/control on mortality at day 14 of treatment

Study name (time point) Statistics for each study Events / Total 0Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit p-Value Remdesivir Placebo

Spinner (2020) (17) 1.584 1.014 2473 0.043 148/193 135/200
Wang (2020) (13) 1.207 0.640 2275 0561 42/158 18/78
1.447 1.005 2.085  0.047

0102 05 1 2 5 10

Favours Remdesivir Favours Placebo

Figure 3. Meta-analysis of remdesivir versus placebo on clinical improvement at day 14
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Study name (time point) Statistics for each study Events / Total Risk ratio and 95% CI

Risk Lower Upper

ratio limit limit p-Value Remdesivir Placebo/Control
Beigel (2020) (12) 0.878 0.734 1.052 0.158 156/538 172 /521
Wang (2020) (13) 1.007 0.823 1.233 0.945 102/158 50/78
Maffei (2020) (19) 1.220  1.000 1.490 0.050 106/193 90 /200
Spinner (2020) (17) 1.259 1.041 1.523 0.018 113/193 93 /200
1.078 0908 1.279 0.392
0102 05 1 2 5 10
Favours Remdesivir Favours Placebo/Control
Figure 4. Meta-analysis of remdesivir versus placebo on all adverse events
Study name (time point) Statistics for each study Events / Total Risk ratio and 95% CI
Risk Lower Upper
ratio limit limit p-Value Remdesivir Placebo/Control
Spinner (2020) (17) 0.576 0.273 1.215 0.148 10/193 18 /200 —_
Beigel (2020) (12) 0.783  0.631 0971  0.026 114/538 141/ 521 [ |
Wang (2020) (13) 0.705 0.425 1.168 0.174 28/155 20/ 78 -
Maffei (2020) (19) 0461 0.205 1.034 0.060 8/193 18 /200 ——=
0.736 0.611 0.887 0.001 ’
01 02 05 1 2 5 10

Favours Remdesivir Favours Placebo/Control

Figure 5. Meta-analysis of remdesivir versus placebo on serious adverse events

Regarding the clinical improvement, our
results indicated that remdesivir was associated with
higher odds of clinical improvement at day 14 by
44.7% compared to placebo. The systematic review
of Yokoyama et al. (23) also suggests that remdesivir
had more clinical improvement at day 14 than
standard treatment, which is consistent with the
results of the present study. Data analysis of Jiang et
al. (2020) resulted in similar findings (24). Some
studies have also shown that remdesivir reduces time

to clinical improvement (12, 13), which can reduce
the length of hospital stay for patients, especially
those admitted to the ICU (25).

An open-label, randomized, multicenter, phase
Il trial study confirmed that a 5-day remdesivir
period was more effective than 10-day in clinical
improvement (26). In another systematic review of
remdesivir and its antiviral activity against COVID-
19, including in-vitro, in-vivo, emergency use in
hospitals, and clinical trials, Frediansyah et al. (27)
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reported varied results for different types of studies.
They revealed inhibitor effects of remdesivir on
SARS-CoV-2 replication, reducing in viral load, and
protective effects on infected animals with SARS-
CoV-2. In addition, this study found that remdesivir
reduces the pathological process, alleviates mild
symptoms, and improves pulmonary lesions in the
infected animals. Furthermore, in case of emergency
use of remdesivir in hospitals, this systematic review
found that some patients showed improved clinical
outcomes. In contrast, in a clinical trial conducted in
China, treatment with remdesivir demonstrated poor
clinical benefits in terms of significant reductions in
time clinical improvement and mortality (13).

The remdesivir application results determined
that there were no significant differences in the risk
of all adverse events (e.g., hypoalbuminemia,
hypokalaemia, anemia, thrombocytopenia, increased
total bilirubin, nausea, and headache) among patients
receiving remdesivir and placebo/control. In this
regard, Juul et al. (2020) reported similar results (1).
On the other hand, Wang's study (21), which was
performed based on two studies conducted by Beigel
and Wang, founded that the risk of adverse events for
remdesivir was significantly lower than the
placebo/control. 1zcovich et al. (2020) also stated that
remdesivir might have negligible effects on acute
kidney injury and cognitive dysfunction/delirium
(28).

According to the results, remdesivir was safe
in terms of the occurrence of serious adverse events
(e.q., respiratory failure or acute respiratory distress
syndrome, cardiopulmonary failure, pulmonary
embolism, and recurrence of COVID-19). The above
finding was consistent with the results of the study of
Juul et al. (5). Regarding the serious adverse event,
the findings of sensitivity analysis showed that
excluding unpublished study had no significant
changes in the achieved results related to safety of
remdesivir.

LIMITATIONS

Our systematic review and meta-analysis have
several limitations. First, although STROBE and
CONSORT checklists were used for quality
assessment of cohort and RCT studies, they only act
as checklists that did not calculate the risk of bias
assessment. Second, since the number of studies
included in the meta-analysis was limited, the cohort

and RCT studies were combined depended on type
of outcome. Third, one of the studies (19) involved
in the meta-analysis was not published in all journal
(only a summary of results was reported). This issue
could greatly affect study results. It should be noted
that the inclusion and exclusion of the latter study
had no significant effects on the overall sensitivity
analysis. Forth, mortality rates reported in different
studies were based on a different range of patients
with various COVID-19 states. For example, some
studies evaluated patients with severe COVID-19
and some studies patients with moderate COVID-19.
Fifth, since remdesivir is not a dedicated medicine
for the treatment of COVID-19 and studies on the
safety and efficacy of this drug have been performed
in a short period, it may cause various effects and
adverse effects in the long term that requires future
research. Sixth, although our results showed that
remdesivir had no significant effect on mortality,
clinical significance can also be important for
interpreting and judging the results. Accordingly,
due to the limitations of the present study, the results
should be interpreted with caution.

CONCLUSION

Although remdesivir had no effects on all adverse
events and mortality at day 14 of the treatment, it led
to a reduction in serious adverse events and an
increased  clinical  improvement than the
placebo/control group.
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