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Abstract

The coronavirus disease 2019 (COVID-19) pandensddezome a global health crisis.
Considering the recent food and drug administratiidA) approval of remdesivir as the first
officially approved agent for COVID-19 treatmente werformed this systematic review and
meta-analysis to evaluate the efficacy and safetgradesivir administration in COVID-19
patients. A systematic literature search was doreigh MEDLINE, Google Scholar, Web of
Science, Scopus, Science Direct, Cochrane LibraeglRxiv, and bioRxiv from their inception
to December 22th, 2020. Five randomized contrdliats (RCTs) and five non-randomized
studies of intervention (NRSI) were entered int® theta-analysis. The results showed that
remdesivir administration was associated with aif@ant improvement in the 28-day recovery
(RR=1.09, 95%ClI, 1.04-1.15), low flow oxygen suggbrough days one to 14 (RR=2.88,
95%Cl, 1.80-4.60), and invasive mechanical vembitabr extracorporeal membrane
oxygenation requirement through days 14 to 28 efftfiow-up time (RR=5.34, 95%ClI, 2.37-
12.05). The risk of experiencing serious adversg deactions (ADRs) was significantly lower
(RR=0.75, 95%ClI, 0.63-0.90) in the remdesivir grtlugn the comparison/control group. The
pooled median difference of the time to clinicapmovement was 2.99 (95%CI|=2.71-3.28),
which did not remain significant during the sensyi analysis. The clinical output comparison
of the 5-day and 10-day remdesivir courses revdalathe 5-day regimen might provide
similar benefits while causing fewer serious ADRait 10-day. The current meta-analysis
provided an updated evaluation of scientific evidean the use of remdesivir in COVID-19
patients. Performing adequate well-designed RC&s@eded to show more accurate results.
Keywords: Remdesivir, COVID-19, SARS-CoV-2, Meta-analysigst@matic review,

Coronavirus
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1. Introduction

The pandemic of coronavirus disease 2019 (COVID-d&)sed by the newly emerging
severe acute respiratory syndrome coronavirus R&E&oV-2), has become a global health
crisis (WHO, 2020b). As of December 28th, 2020, erttian 81.2 million cases of COVID-
19 have been confirmed worldwide, with about 1.7lon deaths (WHO, 2020a).
Numerous medicines are being investigated for taragement of COVID-19; among them,
remdesivir has been at the center of attentionagpointed the first approval of the US Food

and Drug Administration (FDA) to manage COVID-1D, 2020b).

Remdesivir is a ribonucleic acid (RNA)-dependent®Rdblymerase inhibitor with in-vitro
inhibitory activity against the coronaviruses, whigas initially developed to treat Ebola. A
study on infected monkeys with SARS-CoV-2 revedled the early administration of
remdesivir is associated with a significant redutiin viral load and pulmonary damage

(Amirian and Levy, 2020; Sheahan et al., 2017; Mfitilson et al., 2020).

Based on the results of the national instituteaftargy and infectious diseases (NIAID) and
SIMPLE studies, the FDA approved the use of remviteisi severe hospitalized COVID-19
patients under an emergency use authorization (ElnAYlay 1st, 2020. Afterward, on
August 28th, 2020, the letter was reissued witlsiemns to expand the authorized remdesivir
administration to the non-severe COVID-19 patieRisally, on October 22th, 2020,
remdesivir became the first drug with FDA apprdealthe treatment of COVID-19 (FDA,
20204, b). The final approval was supported bydgita analysis of the NIAID, SIMPLE, and

Spinner et al. trials (Beigel et al., 2020b; Goldnea al., 2020; Spinner et al., 2020).
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After the FDA approval of remdesivir in the managatof COVID-19, the world health
organization (WHO) SOLIDARITY therapeutics trialtiapproximately 12000 patients in
500 hospital sites in over 30 countries showedrdratesivir had no statistically significant
effect on the mortality rate among individuals witbVID-19 (Pan et al., 2020). Moreover,
the Wang et al. trial with no overall significambmising results of remdesivir administration
in the COVID-19 patients was not considered inRD& approval process of remdesivir.
Furthermore, there are some reports about theancelof remdesivir related adverse drug
reactions (ADRs) in many hospitalized patients v@tBVID-19. These reports have raised
concerns about the safety and efficacy of remdesivthe treatment of COVID-19 (Wang et

al., 2020).

Given the conflicting results from the clinicaldis investigating the administration of
remdesivir in hospitalized patients with COVID-1®daconsidering the global emergency of
the disease, we conducted the present systemaigewand meta-analysis to assess the

safety and efficacy of remdesivir administratiorthese patients.

To the best of our knowledge, the present compraherstudy is the first systematic review
and meta-analysis that has considered the prelisnneaults of the WHO SOLIDARITY

therapeutics trial and the final results of the NDArial.
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2. Materials and methods

2.1. Study design

This research followed the preferred reporting gdar systematic reviews and meta-analysis
(PRISMA) statement for study design (Liberati et 2009; Moher et al., 2009). The PRISMA

checklist is shown in Table S1 (available as Supplgary data).

2.2. Search strategy

Two researchers (A.R. and S.K.) conducted thealitee search independently, and any doubts
and disagreements were solved by negotiation Wwelcorresponding author (T.E.). A
systematic search of the literature was done thirddEDLINE (PubMed), Web of Science
(Clarivate Analytics), Scopus, Science Direct, Gade Library (Wiley), medRxiv, and bioRxiv
from their inception to December 22th, 2020, arelrtbitations were screened using Google
Scholar to find additional related studies. In &iddi the reference lists of the included studies
and related published reviews were hand searchetdarsidered for relevance. Moreover, we
used the weekly updates alarm of PubMed on oul $ie@rch step (#3) to stay informed about
new studies.

Additional research was done through Google Scholaicaltrials.gov, Gilead Sciences, world
health organization (WHO), FDA, and Hoag hospitabsites. There were no location and
language restrictions. We adapted the PICO prg&agsulation, Intervention, Comparison, and
Outcomes) to define inclusion and exclusion ceiitéor study selection. The PICO model and
the PubMed database were used to arrange the ¢onappand identify the study keywords and
subject heading®©ur search terms were (“COVID-19” OR “severe acatpiratory syndrome

coronavirus 2" OR “Wuhan coronavirus” OR “2019-nCdR “SARS-CoV-2" OR “2019
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novel coronavirus” OR “COVID19” OR “COVID-19 pandé&ifi OR “coronavirus disease
2019”) AND (“Remdesivir’ OR "l-alanine, N-((S)-hydxyphenoxyphosphinyl)-, 2-ethylbutyl
ester, 6-ester with 2-C-(4-aminopyrrolo(2,1-f)(#)&iazin-7-yl)-2,5-anhydro-d-altrononitrile”
OR "2-ethylbutyl (2S)-2-(((2R, 3S, 4R, 5R)-5-(4-awopyrrolo(2,1-f) (1,2,4)triazin-7-yl)-5-
cyano-3,4-dihydroxytetrahydrofuran-2-yl) methoxy)émoxy) phosphoryl) amino) propanoate™
OR "GS-5734" OR "Veklury" OR "RNA replicase" OR "RMNDirected RNA Polymerase" OR
"RNA Polymerase, RNA-Directed" OR "RNA Directed RN®olymerase” OR "RNA-
Dependent RNA Polymerase" OR "RNA Dependent RNA/erase” OR "RNA Polymerase,
RNA-Dependent"). According to each database, tteeradte forms of subject headings were
excluded. The detailed search strategy for eadbdae is shown in Table S2.

2.3. Inclusion criteria

The criteria of the studies for being includedhe tmeta-analysis were as follows: The setting of
observational study and clinical trial, populatiest sample of COVID-19 patients with positive
laboratory tests, intervention as remdesivir adstiation, outcomes/objectives, including

clinical improvement and its duration, virus eli@iion according to lab tests and viral load
profiles, improvement in radiological results, exatlon of intolerable side effects, medication
safety and tolerability to remdesivir, presentingrsened cases of infection, detecting recurrence
frequency after completion of treatment, and exatiom and reporting the mortality rate. The
included studies might include comparison/contashple(s) of COVID-19 patients under

treatment with any medication other than remdesitit covering this criterion was optional.

2.4. Exclusion criteria

Duplicate publications, reviews, animal researchase reports, in-vitro, and in-silico studies

were excluded from the meta-analysis.
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2.5. Risk of bias evaluation

The included studies in the current systematicen@were classified into two categories:
randomized controlled trial (RCT) and non-randomig&udy of intervention (NRSI) (Reeves

BC, 2020).

The risk of bias assessment of the studies waredaut by two researchers (A.R. and S.K)
independently, and any disagreements in this step vesolved by the supervisor (P.S). The
utilized scales for evaluating the risk of biasading to the type of study were as follows: A
revised tool for risk of bias in randomized trigiRoB 2.0) tool for the RCTs and risk of bias in
non-randomized studies of interventions (ROBIN®&l for the NRSIs (Higgins JPT, 2020;
Jadad et al., 1996; Sterne et al., 2016; Sterne 2B2D; Sterne et al., 2019). The risk of bias
plots were generated using the visualization tootisk of bias assessments in a systematic

review (robvis) (McGuinness and Higgins, 2020).

2.6. Data extraction

Data extraction from selected publications was dodependently by two authors (A.R. and
S.K.) using a designed checklist adapted from theh@ne Collaboration data collection form
for review of RCTs and non-RCTs for the clinicals (Li T, 2020). The adapted checklist
contained five main sections and several subsection

2.6.1. General information

Study title or identification, the surname of tivstfauthor, the year of the publication, reference

citation, publication type, and type of the study

2.6.2. Methods

The aim of the study, study design, and duratiopaoficipation
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2.6.3. Participants

Population description, setting, inclusion critegaclusion criteria, the total number of
participants, baseline imbalances, withdrawalsexwusions, age, sex, the severity of iliness,
co-morbidities, and other relevant socio-demogrephi

2.6.4. Intervention group

Total number of participants, description, duratidrthe treatment period, administration timing,
route of administration, medical providers, co-Hiaentions, economic information, resource
requirements, the integrity of delivery, and corapte

2.6.5. Outcomes

Outcome name, time points measured, the validith@utcome, assumed risk estimate, power

2.7. Theongoing clinical trials of remdesivir administration in COVID-19 patients

We have searched clinicaltrials.gov from databaseption to November 10th, 2020, to find the
ongoing clinical trials of remdesivir in patientgkvCOVID-19. The following data were
collected for each clinical trial: study ID, setfirstatus, country, sample size, disease severity,
comparator agent(s), and the treatment scheduléharebiministration route for both
intervention and comparison/placebo groups.

2.8. Statistical data analysis

The gathered data were presented using the pegee{¥@, proportion, interquartile range
(IQR), median, range, hazard ratio, and rate r&anfidence intervals (Cl) and P-values were
used for significance testing with confidence aigthificance levels of 95% and 0.5,
respectively. All the clinical outcomes were repdrin the adjusted forms unless only the

unadjusted values were available in the originpbre The meta-analysis was operated by the
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pooled event rate comparison of the remdesivir gnith the no-remdesivir group for all of the
included studies, estimating the pooled mediani@iivalues for recovery and clinical
improvement time, and calculating risk ratios (R&t)studies involving no-remdesivir
(comparison/control) groups. Additionally, impronent in three respiratory support levels
(low-flow oxygen, high-flow oxygen or non-invasimeechanical ventilation, and invasive
mechanical ventilation or extracorporeal membrangyenation) was evaluated using over time
clinical data of both studied groups to calcul&te ¢orresponding RRs. The final data were used
to generate forest plots and corresponding 95%n@IRavalues.

Data analysis was performed using Microsoft Ex2élLQ), Comprehensive Meta-Analysis
(CMA) software version 2, R statistical softwaresien 4.0.3 metamedian package, and
MedCalc statistical software version 19.5.3.

The I-squared f) test was employed to assess the statisticalduzaeity between studies, and
the associated Tau-squared (ffa@-value, degree of freedom (df), and P-valueawer
represented in the corresponding forest plot. Adiogrto the Cochrane handbook for systematic
reviews of interventions, our interpretations d thtest results were as follows: 0% to 40%: not
significant, 30% to 60%: moderate, 50% to 90%: tarigal, and 75% to 100%: significant
heterogeneity (Deeks JJ, 2020). In order to reptessch output, the random-effects and fixed-
effect modelling approaches were selected¥er40% andd < 40%, respectivelylhere is no
difference between fixed-effect and random-effegisroaches when thetést result is equal to
zero.

The sensitivity analysis was performed by excluding study at a time from the full meta-

analysis (leave-one-out meta-analysis method) tierchéne whether each included study was



1 particularly dominant or not. A study was assum&d@minant if excluding it would change the

2 significance of the pooled RR results.
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3. Results

3.1. Sear ching databases and study selection process

A total of 5593 studies were obtained from searghie main databases and additional
resources. After duplicate removing and screertiegécords by their titles and abstracts, 326
studies were entered into eligibility assessmenénT 315 records were excluded with reasons,
including studies that were in-vitro/in-silico/aralrexperiments (n=96), investigating other
medications (n=93), evaluating other diseases (hx68iew/systematic review and meta-
analysis/editorial/commentary (n=18), irrelevant1i), unfinished/terminated/suspended
clinical trials (n=13), duplicates (n=8), or casports (n=2). Finally, ten studies, including five
RCTs (Beigel et al., 2020b; Goldman et al., 2028 Bt al., 2020; Spinner et al., 2020; Wang et
al., 2020) and five NRSIs (Antinori et al., 2020iefd et al., 2020; Grein et al., 2020; Olender et

al., 2020; Pasquini et al., 2020), were enterealtine meta-analysis (Fig. 1).

3.2. Risk of bias assessment results

The risk of bias assessment was performed usingZRoBnd ROBIN-I tools for the RCTs and
NRSIs, respectively. The robvis tool was utilized éreating traffic light figures of the domain-
level evaluations for each study. The results hosve in Fig. S1 and Fig. S2. The publication
bias tests were not operated due to their low p@fvestimation in meta-analyses, including ten
or fewer studies and the confounding issues reggittie NRSIs (Dalton et al., 2016; Page MJ,

2020).

3.3. Data extraction and study characteristics
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In total, there were 4217 and 2116 participantsived in the remdesivir groups of the RCTs
and NRSiIs, respectively. The total number of pgudicts in the no-remdesivir groups were 3507

in the RCTs and 5076 in the NRSiIs.

The treatment schedule of remdesivir in the metdyaed studies was a 200 mg intravenous
(IV) loading dose on day one, followed by an IV ntanance dose of 100 mg/day for the
subsequent four to nine days. The detailed charsits and outputs of the included studies in

our analysis are presented in Tables 1 and 2, ctgply.

3.4. Statistical data analysis

The follow-up durations were not the same in théaramalyzed studies; therefore, we have used
the 14-day and 28-day results for outputs withlatbée data in these follow-up times.
The Anderson et al. study was excluded from theutations due to the lack of information
(follow-up time, dose, and duration of remdesitierapy) in the main article (Anderson et al.,
2020).

3.4.1. Theincidencerate differences

3.4.1.1. RCT studies
There were significant differences between the e=siwir and no-remdesivir groups in pooled
event rates of the 14-day alive discharge (P=0D4-gay clinical improvement (P=0.003), 28-
day clinical improvement (P=0.01), 14-day deathQR%), 28-day death (0.02), 14-day recovery
(P=0.01), 28-day recovery<B.0001), and serious ADR (P=0.03). The detailedlte®sf the
incidence rate difference (IRD) in the RCT studies shown in Table 3. Additionally, the forest
plots for pooling event rates of the remdesivir aneremdesivir groups in the RCT studies are
shown in Fig. S3 and Fig. S5, respectively.

3.4.1.2. NRSIs
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There were significant differences between the sl and no-remdesivir groups in pooled
event rates of the 14-day death (P=0.02), 28-dathd®<0.0001), and 14-day recovery
(P<0.0001). The detailed results of the IRD in the MR8e shown in Table 4. Additionally, the
forest plots for pooling event rates of the remdesind no-remdesivir groups in the NRSIs are
shown in Fig. S4 and Fig. S6, respectively.

3.4.2. Estimating pooled median and I QR values

34.21. Timetorecovery
Two no-remdesivir group enrolling studies includedtihe to recovery as a clinical output.
Although the results of the remdesivir groups wasmerically favorable compared to the no-
remdesivir groups (pooled median difference=2.584@l, -2.34 to 7.46), the recovery time
difference between the remdesivir and no-remdegraups was not statistically significant
(P=0.31). The random-effects approach was usedodile significant heterogeneity
(tauf=12.15, Q-value=36.03, df=1<B.0001, f=97.22%).

3.4.22. Timetoclinical improvement
Two out of ten meta-analyzed studies enrolling @mdesivir groups included the time to
clinical improvement as a clinical output. The matealysis of these two studies showed that the
remdesivir group had a significantly shorter tiraelinical improvement than the no-remdesivir
group with the pooled median difference of 2.99%@3, 2.71-3.28, R0.0001). The fixed-effect
model was used for the analysis ey Q-value=0.32, df=1, P=0.57=D%).

3.4.3. Therisk ratio meta-analysis

3.4.3.1. Theclinical output comparison of the 5-day and 10-day remdesivir courses
The remdesivir arms of two RCT studies were divitted two groups to receive the treatment

for 5-day and 10-day courses, and the clinical wistpf each group were reported separately
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(Goldman et al., 2020; Spinner et al., 2020). Tieaal output comparison of the 5-day and 10-
day groups was conducted using pooled RR. Thesghificant difference between the two
groups was found in the serious ADRs output, whiati a RR of 0.64 (n= 981, 95% CI, 0.47-
0.87, P=0.01).
The fixed-effect model was used for all the evextsept for the clinical improvement and
recovery on the 14-day follow-up. The detailed hssare shown in Fig. 2.
As mentioned, two RCT studies reported the clinaegputs of the 5-day and 10-day remdesivir
courses separately (Goldman et al., 2020; Spirtredr,2020). The pooled RR meta-analysis
showed that the difference between these two graagsnot statistically significant in the most
evaluated clinical outputs. Besides, the 10-daysmof remdesivir was not completed in a
considerable number of patients, and the resultiseob-day and 10-day remdesivir courses were
not separately reported in all studies (Table her&fore, we have combined the results of the 5-
day and 10-day remdesivir courses to operate thia@-ar@lysis and generate the forest plots in
the two following parts.

3.4.3.2. Generating pooled RR for overall outputsin the RCTsand NRSIs

34.3.2.1. RCT studies
The RRs for the alive discharge output on the lytattal 28-day follow-ups were 1.13 (n= 817,
95% CI, 1.02-1.26, P=0.03) and 1.08 (n=817, 95%@®;1.15, P=0.04), respectively. The RRs
for the clinical improvement on the follow-ups af &nd 28 days were 1.14 (n=817, 95%ClI,
1.02-1.27, P=0.02) and 1.09 (n=817, 95%ClI, 1.0Z-1PE0.01), respectively. The RR values for
the 14-day and 28-day recovery were 1.14 (n=163%, 1.06-1.23, £0.001) and 1.09

(n=1632, 95%ClI, 1.04-1.15, P=0.001), respectively.
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The random-effect approach was used for all thatsvexcept for the 14-day recovery. The
detailed meta-analyses are shown in the forestf@iatsk ratio meta-analysis of the clinical
outputs of the RCT studies (Fig. 3).

34322 NRSIs
The values of RRs for the recovery and death evantke follow-up of 14 days were 1.26
(n=1130, 95% ClI, 1.16-1.37, P<0.001) and 0.62 (138195% ClI, 0.40-0.94, P=0.03),
respectively. The RRs of the alive discharge aradidevents on the 28-day follow-up had
values of 1.27 (n=4280, 95% ClI, 1.16-1.39, P<0.@0H) 0.56 (n=4331, 95% CI, 0.40-0.79,
P=0.001), respectively.
The fixed-effect approach was used for all the eat@ld events. The detailed meta-analyses are
shown in the forest plot for the risk ratio metaysis of the clinical outputs of the NRSIs (Fig.
4).

3.4.3.3. Improvement assessment of three levels of respiratory support in patients of

both remdesivir and no-remdesivir groups

34.3.3.1. RCT studies
The Pan et al. study did not report the respirasoport data over time in the
categorical/ordinal scale and, therefore, was ebadurom this part of the meta-analysis. The
results of both groups were fairly comparable. frteta-analysis of the remdesivir groups
showed a significant improvement over time in gllleated categories except for the invasive
mechanical ventilation (IMV) or extracorporeal memne oxygenation (ECMO) in the baseline
compared with day 14 and the low-flow oxygen suppothe baseline versus day 28 analysis.

The random-effects approach was used for all takuated events.
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The no-remdesivir group meta-analysis showed simasults to the remdesivir group except for
the low-flow oxygen support in the baseline comgdasith day 14 RR, which had a statistically
insignificant value. The random-effects approack wsed for all the evaluated outputs except
for thenon-invasive mechanical ventilation (NIMV) or hifjbw oxygenation in the baseline
versus day 28 analysis. The detailed results arrésmonding forest plots are available in Fig.
S7 and Fig. S8 for the remdesivir and no-remdegnaups, respectively.

3.4.33.2. NRSIs
Two studies reported the respiratory support owvee tlata in the categorical/ordinal scale;
however, none of them enrolled a no-remdesivir gr@ntinori et al., 2020; Grein et al., 2020).
The meta-analysis of the remdesivir groups showsdraficant improvement over time in three
out of nine evaluated outputs, including the IMVEEEMO in the baseline compared with days
14 and 28 and the low-flow oxygsnpport in day 14 versus day 28. The random-effects
approach was operated for evaluating all the ostputept for the IMV or ECMO in the
baseline versus day 14 and the low-flow oxygepport in the baseline compared with days 14
and 28 analyses. The detailed results and corrdgppforest plots are presented in Fig. S9.

3.4.3.3.3. Theb5-day and 10-day remdesivir courses comparison
Remdesivir showed significant beneficial effectsatirthree evaluated levels of respiratory
support through days one to 14 in both 5-day anday0regimens. The fixed-effect approach
was used for all the evaluated events. (Fig. S10).

3.4.4. Thesensitivity analysisresults
The sensitivity analysis was performed via a leane-out meta-analysis to evaluate the effect of
each included study. The RR meta-analysis for iffee evaluation of the 5-day and 10-day

remdesivir courses included two studies (Goldmaal.e2020; Spinner et al., 2020). As shown
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in Fig. 2, the results of this analysis would rexhain robust if we excluded the Spinner et al.
study from the 14-day clinical improvement and rexg and the Goldman et al. study from the

serious ADR output.

The significance of the results maintained staktept for the alive discharge and clinical
improvement on the follow-ups of 14 and 28 daysra#ixcluding the Spinner et al. study and the
14-day death after excluding the Pan et al. stuoiy the meta-analyses of the RCTs (Table S4).
The RR meta-analysis of the NRSIs did not includéent studies to run the sensitivity
analysis. Only the 28-day death pooled RR resudt er#ained from two studies that remained

stable during the sensitivity analysis (Fig. 4).

In the improvement assessment of the respiratqygat levels in the NRSIs, the Grein et al.
study had a significant impact on the IMV or ECM$&juirement in day-one versus day-14
comparison results. Conversely, the Antinori esaldy played an influential part in defining the
final values of the low flow oxygen support in thaseline versus day-14 and day-28

comparisons (Fig. S9).

In the RCTSs, the Beigel et al. study showed a eatity dominant impact on the several
evaluated outputs in improvement assessment gefperatory support levels in both remdesivir
and no-remdesivir groups. The detailed resultfisfgensitivity analysis are shown in Tables S5

and S6 for the remdesivir and no-remdesivir grougspectively.

The pooled results of the improvement assessmeheakspiratory support levels in both 5-day
and 10-day remdesivir regimens, which were repadrdividually in Fig. S10, would not remain

stable if we excluded the Goldman et al. study ftbenevaluation of the IMV or ECMO
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requirement and NIMV or high flow oxygenation thgbuthe baseline to day 14 of the follow-up

period.

Two eligible studies were included in each parthef pooled median and IQR value estimation
meta-analysis, and the hazard/rate ratio values the original reports were used for calculating
the corresponding P-values. The sensitivity anslgibwed that the Spinner et al. and Beigel et
al. studies were particularly influential in thené to recovery and time to clinical improvement

comparisons, respectively (Table S7).

3.5.  Theongoing clinical trials of remdesivir administration in COVID-19 patients
We have found a total of 19 ongoing studies withilable data (Table 5). The study sample
sizes range from 30 to 4891, with a cumulative darsjze of 14888 patients. Furthermore, the
clinical severity of COVID-19 ranges from mild antbderate to severe and critical. In one
randomized, double-blind placebo-controlled tniamdesivir is administered in the outpatient
setting with the loading dose of 200 mg, followsdtie maintenance dose of 100 mg for two
following days. In most trials, the administratiaute is IV; however, in two trials, patients are
given inhaled remdesivir. According to the diseseseerity and study protocols, the dose of
remdesivir in these trials is 200 mg on the fiy dollowed by 100 mg for two to nine

consecutive days.
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4. Discussion

To the best of our knowledge, the present studyasnost comprehensive systematic review
and meta-analysis investigating the efficacy aridtgaf remdesivir in COVID-19 patients to
date.
Remdesivir is a novel investigational antiviral laatide prodrug and currently has FDA
approval to treat hospitalized COVID-19 adult aedigtric patients with 12 years of age and
older weighing at least 40 kilograms (FDA, 2020pwever, on November 20th, 2020, due to
the low certainty of evidence on beneficial effeatsemdesivir on important patient outcomes,
the WHO guideline development group recommendedhageemdesivir administration in
hospitalized COVID-19 patients regardless of disesverity (Rochwerg et al., 2020b).

4.1. Potential molecular tar gets of Remdesivir on SARS-CoV-2
There are at least eleven different strains of SARS-2 as a result of viral mutations. SARS-
CoV-2 replicates inside the host cells by RNA dejeet RNA polymerase (RdRp) of the virus,
which is a highly conserved protein among diffenardl strains; thus, SARS-CoV-2 RdRp
could be a potential antiviral target (Biswas angjivinder, 2020; Ferner and Aronson, 2020).
Furthermore, main protease (Mpro), also known gsdtrypsin-like cysteine protease
(3CLPro), which cleaves the central part of theypadteins and releases proteins with
replicative functions, plays a crucial role in cdioating the lifecycle of SARS-CoV-2 through
its replication and transcription (Ziebuhr et 2000). Consequently, Mpro becomes another
potential target for SARS-CoV-2 experimental metioss.
Remdesivir has an inhibitory effect on viral RdR@ aoes its antiviral effects by interrupting
the viral replication inside the host cell. Theiaetmetabolite of remdesivir (GS-441524) could

form a good complex with SARS-CoV-2 NSP12 RdRpnieate the RNA-chain, and stop the
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RNA replication. Additionally, both remdesivir ai@5-441524 could bind to Mpro, which could
add synergistic impacts when combined with its RdRfagonism effects. Remdesivir binds to
RdRp and Mpro through different binding mechanismg has slightly stronger interactions
with RdRp than with Mpro (Ferner and Aronson, 2020Qynh et al., 2020; Nguyen et al., 2020;
Zhang and Zhou, 2020).

4.2. Remdesivir safety and efficacy
The antiviral effects of remdesivir on SARS-CoVélld be detected by evaluating the patients'
viral load profiles. Among the ten records include@ur meta-analysis, the viral load testing
was carried out only in two studies. One of theéadies showed no significant differences
between the remdesivir and no-remdesivir groughkerviral load reduction over the follow-up
time (Wang et al., 2020), and the other had no @ispn/control group (Antinori et al., 2020).
According to the RR meta-analysis of the RCT stsidilee risk of experiencing serious ADRS in
the remdesivir group was 25% lower than the no-esmr group. This finding is relatively in
agreement with the previous systematic reviewsnaeid-analyses on this topic, except for the
Sarfraz et al. study. Although, in the Sarfrazleteview, the results were numerically favoring
remdesivir but were not statistically significaAléxander et al., 2020; Piscoya et al., 2020;
Sarfraz et al., 2020; Shrestha et al., 2020; Zal.£2020).
Additionally, the RCT studies showed that the 2§-tecovery rate was enhanced by 9% in the
remdesivir group compared to the no-remdesivir grovhich was similar to the results of the
only previous review evaluating this output (Shnestt al., 2020).
The RR meta-analysis of the NRSIs showed thatisheof 28-day death was 44% lower in the

remdesivir group relative to the no-remdesivir groNone of the previous reviews included the
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NRSIs in their meta-analysis. Although, the Olereteal. study was included in the Sarfraz et al.
review as an RCT (Olender et al., 2020; Shrestla ,e2020).

Comparison of the 5-day and 10-day remdesivir aaushiowed that the only significant
difference between these two treatment regimensmig® serious ADRS rate, which was 36%
higher in the 10-day regimen group. Although, tieisult did not remain robust through the
sensitivity analysis. Only the Shrestha et al. gtoplerated this comparison among the previous
reviews, and their results are in agreement witis;dwowever, they did not perform the
sensitivity analysis (Shrestha et al., 202byee out of six previous reviews conducted the
sensitivity analysis tancertainty quantification of their results (Alexkm et al., 2020; Jiang et
al., 2020; Sarfraz et al., 2020).

The improvement assessment of the respiratory stfgyels in the RCTs showed significant
beneficial effects of remdesivir on the low flowygpenation through the baseline to day 14 and
the IMV or ECMO requirement through days 14 to 2&e follow-up time. Whereas, the
enhancement in the IMV or ECMO requirement throtighbaseline to day 28, low flow
oxygenation through days 14 to 28, and NIMV or Higiv oxygen requirement through the
baseline to day 14 of the follow-up duration wagmsicantly higher in the no-remdesivir group.
Additionally, the remdesivir group showed a sigeafit improvement on the low flow oxygen
support through days 14 to 28 and IMV or ECMO reguient through the baseline to day 28 of
the follow-up period in the NRSIs. These resultaa® robust through the sensitivity analysis.
The utilized improvement assessment method forgbgiratory support level in the current
study was not comparable with the previous revidwghe previous reviews, the results of the

remdesivir and no-remdesivir groups were compargdther to calculate the corresponding
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risk/odds ratio at each time point. We have analyeach group's data in pre-defined follow-up
periods individually to take the differences in phaients’ baseline characteristics into account.
The current study is the first systematic review areta-analysis, which includes the
preliminary results of the WHO SOLIDARITY therapmsttrial and the final results of the

NIAID trial (Beigel et al., 2020b; Pan et al., 2020

The results and brief description of the previogsematic reviews and meta-analyses/network-
analyses on this topic, their concurrence withréseilts of the current study, and the possible

reasons for any conflicts are discussed in Table 6.

4.3. Concer nsabout the clinical use of remdesivir in COVID-19

There are some concerning issues about remddsirgt, due to the pharmacokinetic and
physicochemical features, it seems unlikely thatdesivir and its active metabolite could reach
the therapeutic concentration in the human lunig ¢elinhibit SARS-CoV-2 in the current
dosing and administration route. Second, baseti®@gtiemical structure of the prodrug, the
active metabolite of remdesivir would be signifitgraccumulated in the liver, kidneys, and
gastrointestinal (Gl) tract. This issue precludesadministration of remdesivir in higher doses
than 200 mg/day to achieve the therapeutic conagorrin the lung cells due to the adverse
effects related to the non-target organs and dels¢ed toxicities. Third, there are still no
accepted contraindications to remdesivir exceptiferhypersensitivity to remdesivir or any
component of the formulation. However, most studiiesluding our meta-analyzed records)
recommended against the use of remdesivir in pregndactation, patients with alanine
aminotransferase (ALT) and/or aspartate aminotemasé (AST) levels greater than five times

the upper limit of normal (ULN), renally impaire@fgents with the estimated glomerular
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filtration rate (eGFR) less than 30 mL/min, or helabysis-requiring cases. Fourth, the effect of
remdesivir in combination with other agents is cletar yet. Nevertheless, co-administration of
hydroxychloroquine or chloroquine with remdesigmiot recommended due to the antagonistic
effects of these agents on the intracellular méiabativation and antiviral activity of
remdesivir. Fifth, there are no certain optimatiation time, dose, and duration for remdesivir
yet. Sixth, there is too soon to approve the l@rgatpost-marketing safety of remdesivir.
Seventh, the only IV administration route of remdedimits its applicability to the inpatient
setting. Furthermore, the blood hydrolytic enzyro@sse premature serum hydrolysis of the
prodrug. Finally, there are still challenges aroamaks production and pricing of remdesivir
owing to the synthesis difficulties (FDA, 2020cyiker and Aronson, 2020; Rochwerg et al.,

2020a).

Our study did not show a significant differenceviitn the 5-day and 10-day remdesivir
courses. Additionally, the 5-day remdesivir coursgy provide similar benefits while causing
fewer serious ADRs and lower costs than the 10rdgiymen.

The FDA recently authorized experimenting with itmeestigational inhaled formulation of
remdesivir on healthy volunteers, aiming to startlg in COVID-19 patients by August 2020
(GILD, 20204, b). The pulmonary drug delivery saltiee problems due to the IV formulation;
besides, it could help reach the therapeutic canaton in the lung cells, lower the ADRs in the
non-target organs, dose-related toxicities, andnoigp premature hydrolysis. However, the
inhaled formulation not only can not address thalehges around the complicated synthesis of
remdesivir but also could make the supply chairc@ss even more challenging.

GS-441524 is an antiviral nucleoside, which isrtfen metabolite reaching the lung cells due to

the premature serum hydrolysis of remdesivir. Assault of the GS-441524 bio-activation route,



10

11

12

13

14

15

16

17

18

19

20

21

22

which relies on different enzymes and requires festeps than remdesivir, it would have a more
homogeneous tissue distribution. Moreover, in vé@na in vivo studies evidence the notable
safety profile for GS-441524; therefore, achievilng therapeutic concentration in the lung cells
with high dose GS-441524 administration could halieg without being concerned about any
dose-related toxicities and serious adverse efféctshermore, there are no statistically
significant differences between the inhibitory effeof GS-441524 on the severe acute
respiratory syndrome coronavirus (SARS-CoV) andMiiddle East respiratory syndrome
coronavirus (MERS-CoV) in human airway epitheltdAE) cells in comparison to remdesivir
(Agostini et al., 2018; Yan and Muller, 2020). hetrecent pharmacokinetic study of remdesivir
and GS-441524 in severe COVID-19 cases, remdestionwved a half-life of one hour while GS-
441524 remained in detectable plasma concentrahtihthe following remdesivir

administration (Tempestilli et al., 2020). Overagllven the notable manufacturing and clinical
profile of GS-441524, further research on the theutic and prophylactic efficacy of GS-

441524 against SARS-CoV-2 is recommended.

The results of the ongoing studies, especially R€®sld solve the current uncertainties around
remdesivir. Additionally, the combination of inhdland IV formulation of remdesivir could
improve the efficacy of antiviral therapy againstRss-CoV-2; therefore, it would be beneficial

to start new clinical trials using this combination

4.4. Limitations

Although the whole adopted process in this studlgluiding study design, search strategy,
research selection, data extraction, and statisticysis, was based on the standardized

systematic review methodology (Dalton et al., 2Méeks JJ, 2020; Higgins JPT, 2020; Jadad
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et al., 1996; Li T, 2020; Liberati et al., 2009; Glath et al., 2019; Moher et al., 2009; Page MJ,
2020; Reeves BC, 2020; Sterne et al., 2016; Sték@e 2020; Sterne et al., 2019), there were
still some limitations.

A number of potentially eligible clinical trials thi notable sample sizes were excluded from the

review due to the unavailability of their resulistbe end of December 22th, 2020 (Table 5).

The COVID-19 severity was different among the ined participants that could affect the
treatment output. The validity of the meta-analys#s limited by the lack of a
comparison/control group in three out of ten inelddtudies. There are no uniform guidelines
for administering additional treatments and prawgdsupportive care for COVID-19 patients in
clinical trials, which may lead to inaccurate amaialiable clinical outcomes. The follow-up
times were not the same in all of the meta-analgtedies (Table 1). The extended uniform

follow-up durations are preferred because they dpubduce more reliable final results.
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5. Conclusion

The current meta-analysis provides an updated atrafuof scientific evidence on the use of
remdesivir in COVID-19 patients. Findings from fRET studies indicated a significant
improvement in the 28-day recovery rate, low florygen support through the baseline to day
14, and IMV or ECMO requirement through days 12&amf the follow-up time in the
remdesivir group. Additionally, the risk of exper@ng serious ADRs was significantly lower in
the remdesivir group than the comparison/controugr

The data from the NRSIs showed significant bengfieffects of remdesivir on the low flow
oxygen support through days 14 to 28 and the IMEGMO requirement through the baseline
to day 28 of the follow-up period. Moreover, thekrof 28-day death was lower in the
remdesivir group relative to the no-remdesivir grou

There were no significant differences between tHaayand 10-day remdesivir courses in any of
the evaluated clinical outputs. Furthermore, tldag+emdesivir course may provide similar
benefits while causing fewer serious ADRs and logasts than the 10-day regimen.

These results, combined with the concerning iseegarding synthesis difficulties,
pharmacological characteristics, clinical, and ptgshemical features of remdesivir, highlight
the importance of performing adequate well-desigR€d's before it can be confidently
administered in COVID-19 patients. Nevertheless,résults of ongoing clinical trials would be

helpful for future systematic reviews and meta-gses to reach more reliable results.
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Figurelegends

Fig. 1. Study selection flow diagram. Preferred reporttagis for systematic reviews and meta-
analyses (PRISMA).

WOS, web of science; RCT, randomized controlleal;tNNRSI, non-randomized study of
intervention

Fig. 2. The risk ratio meta-analysis for evaluating thiéedences between the clinical outputs of
the 5-day and 10-day courses of remdesivir.

ADR, adverse drug reaction; (14), 14-day follow-(g8), 28-day follow-up; CI, confidence
interval; df, degree of freedom

Fig. 3. The forest plot for the risk ratio meta-analydishe clinical outputs of the RCT studies.
RCT, randomized controlled trial; ADR, adverse dregction; (14), 14-day follow-up; (28), 28-
day follow-up; CI, confidence interval; df, degrefefreedom

Fig. 4. The forest plot for the risk ratio meta-analydishe clinical outputs of the NRSIs.

NRSI, non-randomized study of intervention; (28;day follow-up; (14), 14-day follow-up;

Cl, confidence interval; df, degree of freedom



Tables

Table 1. Characteristics of the studies included in the qualitative analysis

Study (country)  Study Sample Agein Follow- Additional therapy I ntervention: No. of No-remdesivir:
design size years up time participants® Treatment (Percentage

(Percentage of severe of severe cases)
cases) ° treatment
length

Wang et al., RCT 233 Range: 28 days Antibiotics, corticosteroids, IFN 155 (100) 10 days, five Placebo provided by

China 53-73 alfa-2b, vasopressors patients received Gilead Sciences, US, (100)
treatment for less than  two patients received the
five days. placebo for less than five

days
Goldmanetal. RCT 397 IQR: 14 days Supportive therapy defined by 197 (100) 10 days, 44% None
(SIMPLE), (comparison 50-71 the investigator. Details were ~ completed the course

Multi-country

of two doses
of

remdesivir)

not mentioned.

200 (100) 5 days, 86%

completed the course




Study (country)  Study Sample Agein Follow- Additional therapy Intervention: No. of No-remdesivir:
design size years up time participants?® Treatment (Percentage
(Per centage of severe of severe cases)

cases) ° treatment

length
Beigel et al. RCT 1048 Mean: 29 days Defined by the written hospital 531 (88.4) 10 days, Placebo (89.1943.7%
(ACTT-1), 58.9 policy or guidelin 39.1% completed the completed the course
Multi-country course
Spinner et al.; RCT 584 IQR: 28 days Corticosteroids, 193 (0) 10 days, 38% Standard of care (0)
Multi-country 46-66 lopinavir/ritonavir, completed the course

hydroxychloroquine/chloroquine 191 (0) 5 days, 76%

, tocilizumab, azithromycin completed the course
Pan et al. RCT 5451 <50: 28 days Corticosteroids, convalescent 2743 (9.3) 10 days, Local standard of care
(SOLIDARITY), 35% plasma therapy, Anti-IL-6 drug, 95.8% took the medicine (8.6)" 1.6% took the
Multi-country 50-69: IFN, antivirals® midway through its medicine midway through
47% scheduled duration its scheduled duration
>70:
18%
Grein et al.; NRSI 53 Range: 28 days Not mentioned (may have been 53 (100) 10 days, 75.5% None

Multi-country 23-82 used) completed the course




Study (country)  Study Sample Agein Follow- Additional therapy Intervention: No. of No-remdesivir:
design size years up time participants?® Treatment (Percentage
(Per centage of severe of severe cases)
cases) ° treatment
length
Antinori et al.; NRSI 35 IQR: 28 days Hydroxychloroquine, thirty-one 35 (100) 10 days, 74.3% None
Italy 49.25- patients were receiving completed the course
75 lopinavir/ritonavir but
discontinued upon the enrolment
Olender et al.; NRSI 1130 <40: 14 days Azithromycin, 312 (100) 5 or 10 days Standard of care (100)
Multi-country 10.7% hydroxychloroquine group, HIV (results of two groups
40-64: protease inhibitor, biologics, andwere combined)
50% ribavirin in both groups,
>65: experimental agents may have
39.3% been used on the no-remdesivir

group.®




Study (country)  Study Sample Agein Follow- Additional therapy Intervention: No. of No-remdesivir:
design size years up time participants?® Treatment (Percentage
(Per centage of severe of severe cases)
cases) ° treatment
length
Pasquini etal.; NRSI 51 IQR: Median: Lopinavir/ritonavir 25 (100), 10 days Hydroxychloroquine,
Italy 59-75.5 52 days (discontinued after day one of lopinavir/ritonavir,
(IQR: 46- remdesivir), tocilizumab, tocilizumab (100)
57) hydroxychloroquine
Fried et al.; NRSI 4280 18-40: 28 days Not mentioned 48 (unknowr)-10 Hydroxychloroquine
United States 9.4% days, 33.3% received (unknown}
41-60: remdesivir for less than
33.9% five days
>60:
56.7%
Anderson et al.; NRSI 1643 Median Not Not mentioned 1643 (100), not defined None

United States

(IQR):  mentioned

67 (56- clearly'

78)
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RCT, randomized controlled trial; NRSI, non-randped study of intervention; IQR, interquartile ranteN, Interferon; Anti-IL-6, anti-interleukin-6; W, human

immunodeficiency virus
2 Patients with oxygen saturation levels of 94%esslwere defined as severe cases.
®We have used the "as-treated/safety populationpkasizes instead of the "intention-to-treat popais.

¢ According to thewritten hospital policies and guidelines, antiliistivasopressors, corticosteroids, other antitimitatory medications, monoclonal antibodies targetin

cytokines, other biologic therapies, hydroxychlarog, other putative SARS-CoV-2 medications, afeeoantiviral therapies were administered as afthfitherapy.

4 The percentage of severe cases in each groupavasported in this article, and the reported nusieere obtained from the preliminary report of #&TT-1 study (Beigel et

al., 2020a).

¢ Lopinavir and interferon beta-1 were the trialigrdl and interferon agents, respectively. The-tril interferons and antivirals were used as tioldial therapy.

f patients who were ventilated at the time of raridation were considered as severe in this studgrimation about the oxygen saturation level andype of ventilation at the

time of randomization was not available.

9 Hydroxychloroguine group included aminoquinolineisioroquine, hydroxychloroquine, and hydroxychtprime sulfate. The administered biologic medicatinere

interferons, investigational biologics, plasmajlearab, siltuximab, and tocilizumab.
" This study did not define the patients' severftgisease at the time of admission.

" The data abstraction method of this study is baseahother publication; according to that publamatthe presumed median follow-up time was 22 ysd&eleris et al., 2020).



1 Table 2. Outcomes of the studiesincluded in the qualitative analysis

Study Outcomes I ntervention No-
remdesivir
Goldman et al. 5-day 10-day -
Death events on day 14, n (%) 16 (8) 21 (11)

Alive discharges on day 14: n (%)

Serious ADR$ n (%)

Clinical improvement on day 14: n (%)

Low flow oxygen support on day 1: n (%)

High flow oxygen or NIMV on day 1: n (%)

IMV or ECMO on day 1: n (%)

Low flow oxygen support on day 14: n (%)

High flow oxygen or NIMV on day 14: n (%)

IMV or ECMO on day 14: n (%)

Modified recovery' on day 14: n (%)

Median time to modified recovery: days
Hazard ratio (95% CI)

Median time to clinical improvement: days

Hazard ratio (95% CH

120 (60) 103 (52)
42 (21) 68 (35)
129 (64) 107 (54)

113 (57)  7184)

49 (25) 60 (30)

4(2) 9 (5)
19 (10) 14 (7)

9(5) 19
16 (8) 33 (17)

140 (70) 116 (59)
9 10
0.82 (0.64-1.04)
10 11

0.79 (0.61-1.01)

Wang et al.

Clinical improvement on day 14: n (%)
Clinical improvement on day 28: n (%)

Low flow oxygen support on day 1: n (%)
High flow oxygen or NIMVon day 1: n (%)
IMV or ECMO on day 1: n (%)

Low flow oxygen support on day 14: n (%)
High flow oxygen or NIMV on day 14: n (%)

IMV or ECMO on day 14: n (%)

42 (27) 18 (23)
103 (66) 8B
129 (83) 65 (83)
28 (18) 9(12)
0 (0) 1(1)
61 (39) (28)
13 (8) 8 (10)
4(3) 7(9)



Low flow oxygen support on day 28: n (%) 18 (12) 13 (17)
High flow oxygen or NIMV on day 28: n (%) 2 (1) 2)(
IMV or ECMO on day 28: n (%) 2(1) 34)
Alive discharges on day 14: n (%) 39 (25) 18 (23)
Alive discharges on day 28: n (%) 92 (59) 45 (58)
Serious ADRs: n (%) 28 (18) 20 (26)
Death events on day 14: n (%) 15 (10) 7(9)
Death events on day 28: n (%) 22 (14) 10 (13)
Negative viral load on day 28: proportion (%) 93/131 (71) 49/65 (75)
Median time to clinical improvement: days (IQR) @B-28) 23 (15-28)
Hazard ratio (95% CI) 1.23 (0.87-1.75)

Beigel et al. Death events on day 14: n (%) 35 (7) 61 (12)
Death events on day 28: n (%) 59 (11) 77 (15)
Serious ADRs: n (%) 131 (25) 163 (32)
Low flow oxygen supporbn day 1: n (%) 232 (44) 203 (39)
High flow oxygen or NIMVon day 1: n (%) 95 (18) 98 (19)
IMV or ECMO on day 1: n (%) 131 (25) 154 (30)
Low flow oxygen support on day £5n (%) 53 (10) 57 (11)
High flow oxygen or NIMV on day 15: n (%) 23 (4) 22 (4)

IMV or ECMO on day 15: n (%) 83 (16) 115 (22)

Low flow oxygen support on day 29n (%) 23 (4) 22 (4)

High flow oxygen or NIMV on day 29: n (%) 3(1) 12

IMV or ECMO on day 29: n (%) 30 (6) 45 (9)

Recovery on day 14: n (%) 334 (63) 273 (53)

Recovery on day 28: n (%) 399 (75) 352 (68)

Median time to recovery: days (IQR) 10 (9-11) 153-(B)
Rate ratio (95% CIj 1.29 (1.12-1.49)

Median time to clinical improvement: days (IQR) (1D-13) 14 (13-15)




Rate ratio (95% CIj

1.29 (1.12-1.48)

Spoinner et al. 5-day 10-day
Clinical improvement on day 14: n (%) 146 (76) 148 (77) 135 (68)
Clinical improvement on day 28: n (%) 171 (90) 1%90) 166 (83)
Low flow oxygen support on day 1: n (%) 29 (15) 23 (12) 36 (18)
High flow oxygen or NIMV on day 1: n (%) 2 (1) D@ 2 (1)
IMV or ECMO on day 1: n (%) 0 (0) 0 (0) 0 (0)
Low flow oxygen support on day 14: n (%) 5@3) 42 8 (4)
High flow oxygen or NIMV on day 14: n (%) 4(2) 0 (0) 4(2)
IMV or ECMO on day 14: n (%) 0 (0) 1) 513)
Low flow oxygen support on day 28: n (%) 4 (2) 0 (0) 5@1)
High flow oxygen or NIMV on day 28: n (%) 1) 1)( 0(0)
IMV or ECMO on day 28: n (%) 0 (0) 1(1) 4(2)
Death events on day 14: n (%) 1(1) 2 (1) 4 (2)
Death events on day 28: n (%) 2(1) 3(2) 4(2)
Serious ADRs: n (%) 9 (5) 10 (5) 18 (9)
Alive discharges on day 14: n (%) 146 (76) 146 (76) 134 (67)
Alive discharges on day 28: n (%) 170 (89) 174 (90) 166 (83)
Recovery on day 14: n (%) 153 (80) 153 (79) 145 (73)
Recovery on day 28: n (%) 175 (92) 178 (92) 170 (85
Median time to modified recovery: days (IQR) 6 (4-9) 7 (4-12) 7 (4-14)
Hazard ratio vs no-remdesivir (95% €I) 1.19 (0.96- 1.10 (0.90- -
1.46) 1.36)

Pan et al. | Death events on day 14: n (%) 267 (10) 262 (10)

Death events on day 28: n (%) 301 (11) 303 (11)
Greinet al. | Alive discharges on day 14: n (%) 11 (21) -

Alive discharges on day 28: n (%) 25 (47)
Clinical improvementn day 14: % 40




Clinical improvementn day 28: % 74
Low flow oxygen supporbn day 1: n (%) 10 (19)
High flow oxygen or NIMV on day 1: n (%) 7 (13)
IMV or ECMO on day 1: n (%) 34 (64)
Low flow oxygen support on day 14: n (%) 1(2)
High flow oxygen or NIMV on day 14: n (%) 6 (11)
IMV or ECMO on day 14: n (%) 13 (25)
Low flow oxygen support on day 28: n (%) 0 (0)
High flow oxygen or NIMV on day 28: n (%) 0 (0)
IMV or ECMO on day 28: n (%) 1(2)
Death events on day 14: n (%) 3 (6)
Death events on day 28: n (%) 7 (13)
Serious ADRs: n (%) 12 (23)
Antinori et al. | Clinical improvement on day 10n (%) 10 (29)
Clinical improvement on day 28: n (%) 22 (63)
Low flow oxygen support on day 1: n (%) 2 (6)
High flow oxygen or NIMV on day 1: n (%) 16 (46)
IMV or ECMO on day 1: n (%) 16 (46)
Low flow oxygen support on day 10: n (%) 2 (6)
High flow oxygen or NIMV on day 10: n (%) 13 (37)
IMV or ECMO on day 10: n (%) 10 (29)
Low flow oxygen support on day 28: n (%) 1)
High flow oxygen or NIMV on day 28: n (%) 19 (54)
IMV or ECMO on day 28: n (%) 3(9)
Alive discharges on day 10: n (%) 1(3)
Alive discharges on day 28: n (%) 20 (57)
Serious ADRs: n (%) 13 (37)
Death events on day 10: n (%) 5 (14)
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Death events on day 28: n (%) 9 (26)
Negative viral load on day 12proportion (%) 21/21 (100)
Olender et al. | Recovery on day 14: n (%) 232 (74) 483 (59)
Death events on day 14: n (%) 24 (8) 102 (13)
Pasquini et al. | Death event& n (%) 14 (56) 24 (92)
Fried et al. | Alive discharges on day 28: n (%) 44 (92) 3057 (72)
Death events on day 28: n (%) 4 (8) 1048 (25)
Anderson et al. | Death events' 422 (26) -
Alive discharges: 813 (49)

ADR, adverse drug reaction; IQR, interquartile ®n@|, confidence interval; NIMV, non-invasive mactical ventilation; IMV,

invasive mechanical ventilation; ECMO, extracorgbmaembrane oxygenation

@ The definitions of the evaluated clinical outpate slightly different according to the associatedlies. All of these definitions

are presented in Table S3 for more information (WB@20c).
® Hazard and rate ratios greater than one indichenafit with remdesivir.

¢ The 14-day and 28-day results were not reportédisnstudy; therefore, the 15-day and 29-day tesuére used as the closest

alternatives, respectively.

4This data was obtained from the preliminary repbithe Beigel et al. study (Beigel et al., 2020a).

€ This data has been revised and changed from 84%aned in the original article to 74% (Bonovas &idvani, 2020).
fThis study did not report the 14-day results; tiiis,10-day and 12-day results were used as tsestlalternatives.

9 The median follow-up time was 52 days (IQR: 46-@ifthis study. The death event occurred in a nmedfal 7 (IQR: 13-20)

and 10 (IQR: 8-13) days after ICU admission inrgradesivir and no-remdesivir groups, respectively.

" The follow-up times were not clear and uniform dirof the participants in this study.
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Table 3. Theincidence rate differencein the RCT studies

Event rate No. of studies No. of participants
Output No- NO- No- Difference (95% CI) P-value
Remdesivir Remdesivir Remdesivir
remdesivir remdesivir remdesivir
Alive discharge (14) 52.7 44.1 3 2 936 278 8.60% 310 15.12%) 0.01
Alive discharge (28) 78.2 72.3 2 2 539 278 5.902G00 12.31%) 0.06
Clinical improvement (14) 55.0 44.7 3 2 936 278 309 (3.61t0 16.85%)  0.003
Clinical improvement (28) 80.7 72.3 2 2 539 278 0864(2.33 to 14.75%) 0.01
Death (14) 7.2 8.8 5 4 4210 3503 1.60% (0.39 t8%)8 0.01
Death (28) 8.7 10.3 4 4 3813 3503 1.60% (0.2695%) 0.02
Negative viral load 71.0 75.0 1 1 131 65 4.0% 996 16.18%) 0.56
Recovery (14) 69.5 63.4 3 2 1312 717 6.10% (1.810td3%) 0.01
Recovery (28) 85.3 774 2 2 915 717 7.90% (4.11t36%)  <0.0001
Serious ADR 16.8 20.5 4 3 1467 795 3.70% (0.37.13%) 0.03
Cl, confidence interval; (14), 14-day follow-up; 8(2 28-day follow-up; ADR, adverse drug reaction



1 Table 4. Theincidence rate differencein the NRS's

Event rate No. of studies No. of participants
Output NO- NO- NO- Difference (95% CI) P-value
Remdesivir Remdesivir Remdesivir
remdesivir remdesivir remdesivir

Alive discharge (28) 68.8 72.0 3 1 136 4232 3.20441( to 11.52%) 0.41

Death (14) 8.4 13.0 3 1 400 818 4.60% (0.81 to®)01 0.02
Death (28) 22.1 64.5 4 2 161 4258 42.40% (35.28t89%) <0.0001
Recovery (14) 74.0 59.0 1 1 312 818 15.0% (8.880t69%) <0.0001

2 NRSI, non-randomized study of intervention; ClI, confidemtterval; (14), 14-day follow-up; (28), 28-dayléov-up



Table 5. Summary of the ongoing clinical trials investigating the ther apeutic effects of remdesivir for COVID-19 treatment

ID Status Setting Country Population (N) I ntervention group(s) Comparison/control
group(s)
NCT04257656 Terminated Multi-center, randomized, China Hospitalized Remdesivir; LD, 200 mg on day 1, Placebo; LD, 200 mg
double-blind, placebo- severe COVID-19 MD, 100 mg for 9 days onday 1, MD, 100
controlled trial patients (237) mg for 9 days
NCT04560231 Recruiting  Clinical trial Pakistan Moate Remdesivir; LD, 200 mg on day 1, Not mentioned
COVID-19 MD, 100 mg for 4 to 9 days

patients (30)

NCT04596839 Recruiting  Open-label, multi-center, Bangladesh Severe COVID-19Remdesivir; LD, 200 mg on day 1, Standard of care

randomized controlled trial patients (60) MD, 100 mg for 4 days
NCT04570982 Recruiting  Prospective observational Nepal Hospitalized Remdesivir for moderate to severe Not mentioned
study COVID-19 cases COVID-19
(200) Convalescent plasma therapy for

severe to life-threatening COVID-

19




ID Status Setting Country Population (N) I ntervention group(s) Comparison/control

group(s)
NCT04365725 Recruiting  Multi-center, retrospective France Severe Remdesivir Not mentioned
Covid-19 patients
(200)

NCTO04345419 Recruiting  Randomized trial Egypt COov® Remdesivir, chloroquine Not mentioned
patients (120)

NCT04610541 Recruiting  Multi-center, open-label, Hungary Moderate and Remdesivir; LD, 200 mg on day 1, Not mentioned
interventional safety study Severe Covid-19 MD, 100 mg on day 2

cases
(2000)

NCT04252664 Suspended Multi-center, randomized, China Mild to Moderate Remdesivir; LD, 200 mg on day 1, Placebo; LD, 200 mg
double-blind, placebo- COVID-19 cases MD, 100 mg for 9 days on day 1, MD, 100
controlled (308) mg for 9 days

NCT04582266 Not yet Observational United Pregnant and non- Remdesivir; LD, 200 mg on day 1, Not mentioned

recruiting  (Pharmacokinetics and States pregnant women MD, 100 mg for up to 9 days
Safety study) with COVID-19

(40)




ID Status Setting Country Population (N) I ntervention group(s) Comparison/control
group(s)
NCT04410354 Active, not Randomized, double-blind, United Advanced Merimepodib 1200 mg for 10 days Remdesivir; LD, 200
recruiting  placebo-controlled States COVID-19 cases Remdesivir; LD, 200 mg on day 1, mg on day 1, MD,
(80) MD, 100 mg for 4 to 9 days 100 mg for 4to 9
days
NCT04292899 Completed Open-label, randomized Multi- Severe COVID-19 Remdesivir; LD, 200 mg on day 1, Standard of care
clinical trial country cases (4891) MD, 100 mg for 4 or 9 days
NCT04480333 Recruiting Randomized, placebo- United Healthy Remdesivir 0.10 mg/kg; inhaled Placebo; inhaled
controlled, crossover States Volunteers nanopatrticles for 5 days nanoparticles for 5
assignment clinical trial (45) days
NCT04501952 Recruiting Randomized, double-blind United COVID-19 Remdesivir; LD, 200 mg on day 1, Placebo; LD, 200 mg
placebo-controlled trial States and outpatients (1230) MD, 100 mg for 2 days on day 1, MD, 100
Denmark mg for 2 days
NCT04539262 Recruiting Randomized, double-blind United Early-stage Remdesivir 31 or 62 mg; inhaled forPlacebo; inhaled for
placebo-controlled trial States COVID-19 cases 3to5days 3to 5 days
(282)
NCT04292730 Completed Open-label, randomized Multi- Moderate Remdesivir; LD, 200 mg on day 1, Standard of care
clinical trial country COVID-19 cases MD, 100 mg for 4 or 9 days

(1113)




ID Status

Setting Country

Population (N)

I ntervention group(s) Comparison/control

group(s)

NCT04409262 Recruiting

Randomized, double-blind, Multi-

multi-center country

Patients with
Severe COVID-19

Pneumonia (500)

Remdesivir; LD, 200 mg on day 1, Remdesivir; LD, 200
MD, 100 mg for up to 9 days plus mg on day 1, MD,
tocilizumab 100 mg forup to 9

days plus placebo

NCT04431453 Recruiting

Single-arm, open-label Multi-

clinical trial country

Children aged 0-
17 years with

COVID-19 (52)

Remdesivir; LD, 200 mg on day 1, Not mentioned
MD, 100 mg for up to 9 days
Remdesivir; LD, 5 mg/kg on day 1,

MD, 2.5 mg/kg for up to 9 days

NCT04330690 Recruiting

Open-label, randomized Canada

clinical trial

Hospitalized
COVID-19 cases

(2900)

Remdesivir (LD, 200 mg on Day 1, Standard of care
MD, 100 mg for 9 Days),

lopinavir/ritonavir, or

hydroxychloroquine plus standard

of care
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ID Status Setting Country

Population (N) I ntervention group(s) Comparison/control

group(s)

NCT04492501 Completed Factorial assignment clinic&8akistan

trial

Moderate, severe, TPE in combination with remdesivir Standard of care
and critical (LD, 200 mg on day 1, MD, 100 mg
COVID-19 cases for 9 days), convalescent plasma
(600) therapy, tocilizumab, or
mesenchymal stem cell therapy plus

standard of care

LD, loading dose; MD, maintenance dose; TPE, Therdp plasma exchange



Table 6. Theresults and a brief description of the previous systematic reviews and meta-analysis/network-analysis

Review M eta-analyzed
(Theused studies a
model)

Measured outcomes Results

Possible reasonsfor the

conflicts

Alexander et  Wang et al., Beigel Mortality
al. et al. (preliminary

(The fixed- report)

effect model

was used for

RR=0.69 (95% ClI, * Non-availability of the

0.49-0.99) final report of the Beigel
et al. study with the 28-

day follow-up time data

« Pooling the 14-day and

all the 28-day data from the two
measured included studies (non-
outcomes) uniform follow-up times)
Time to clinical Mean difference=- * Using the median-based
improvement 3-95 (95% Cl, -4.05 approach with the proved
to -3.86), R0.00001 preferable performance in
the present study instead
of the transformation-
based approach (McGrath
et al., 2019)
Serious ADRs RR=0.77 (95%CIl,  « Fairly concurrent
0.63-0.94)
Jiang et al. Wang et al., Beigel Clinical OR=1.35 (95%Cl, « Non-availability of the

(The random- et al. (preliminary  improvement

1.09-1.67) final reports of the Beigel

effects report), Goldman  Clinical recovery

approach was et al., Spinner et al.
used for all (preliminary

the measured report)

RR=1.24 (95%ClI, et al. and Spinner et al.
1.07-1.43) studies
« Using non-uniform

follow-up times for the




Review M eta-analyzed Measured outcomes Results Possiblereasonsfor the

(Theused studies a conflicts

model)

outcomes) pooled results
5-day vs. 10-day OR=1.33 (95%CI, « Non-availability of the
course; clinical 1.01-1.76) final report of the Spinner
improvement et al. study

Piscoya et al. Wang et al., Beigel 14-day mortality RR=0.71 (95%Cl, « Fairly concurrent

(The random- et al. (preliminary

effects report)

approach was

0.39-1.28)

Serious ADR

RR=0.77 (95%CI,

0.63-0.94)

used for all Alive discharge RR=1.19 (95%ClI,
the measured 1.05-1.34)
outcomes)
Zhu et al. Wang et al., Beigel Alive discharge RR=1.19 (95%ClI, « Fairly concurrent
(Both et al. (preliminary 1.05-1.34)
random- report) e
Serious ADR RR=0.77 (95%Cl,
effects and
0.63-0.94)
fixed-effect - ——
Mortality RR=0.64 (95%ClI, * Non-availability of the

approaches
were used for
the analysis
according to
the P and?

values)

0.44-0.92)

final report of the Beigel

et al. study with the 28-

day follow-up time data
* Non-uniform follow-up

times

Sarfraz etal. Wang et al., Beigel

(The random- et al. (preliminary

14-day mortality

RR=0.61(95%CI,

0.45-0.82)

« Including Olender et al.




Review M eta-analyzed Measured outcomes Results

Possible reasons for the

(Theused studies a conflicts
model)
effects report), Spinner et Serious ADR RR=0.75 (95%ClI, study in the meta-

approach was al., Olender et al.
used for all
the measured

outcomes)

0.55-1.02)

analysis of the RCT
studies
« Non-availability of the
final report of the Beigel
et al. study with the 28-
day follow-up time data
* Non-uniform follow-up

times

Shrestha et al. Wang et al., Beigel 14-day mortality
(Both et al. (preliminary

random- report), Spinner et

effects and the al., Goldman et al.

fixed-effect

approaches

were used for

the analysis)

OR=0.61 (95%ClI,

0.41-0.91)

« Non-availability of the
final report of the Beigel
et al. study

 Not including the Pan et
al. study in this review

« Different reporting of the
number of the remdesivir
group's 14-day mortality
from the Spinner et al.
study (2 in 193 patients
in the Shrestha et al.
review vs. 3 in 384
patients in the current

review)®




Review M eta-analyzed Measured outcomes Results Possiblereasonsfor the
(Theused studies a conflicts
model)
28-day alive OR=1.35 (95%Cl, « Different reporting of the
discharge 0.91-2.02) number of the remdesivir

group's alive discharges
from the Spinner et al.
study (174 in 193 patients
in the Shrestha et al.
review vs. 344 in 384
patients in the current

review)®

28-day mortality

OR=1.02 (95%CI, e« Fairly concurrent

0.50-2.06)
14-day clinical OR=1.45 (95%ClI,
improvement 1.00-2.08)
28-day clinical OR=1.59 (95%Cl,
improvement 1.06-2.39)

14-day recovery

OR=1.48 (95%Cl,

1.19-1.84)

28-day recovery

OR=2.09 (95%ClI,

1.09-4.03)
14-day alive OR=1.41 (95%Cl,
discharge 1.15-1.73)
Serious ADR OR=0.69 (95%Cl,

0.54-0.88)

Time to clinical

Mean difference=-




Review M eta-analyzed
(Theused studies a
model)

M easured outcomes Results

Possible reasons for the

conflicts

improvement

2.51 (-4.16 to -0.85),

P=0.003

Time to recovery

Mean difference=-  « Using different models

4.69 (-5.11t0 -4.28),  (fixed-effect approach in
P<0.00001 the Shrestha et al. review
vs. random-effects model

in the current study)

5-day vs. 10-day course;14-day results

Mortality

OR=1.41 (95%Cl, * Fairly concurrent

0.73-2.72)

Clinical

improvement

OR=0.79 (95%CI,

0.58-1.07)

Recovery

OR=0.75 (95%Cl,

0.55-1.02)

Serous ADR

OR=1.77 (95%ClI,

1.19-2.65)

Alive

discharge

OR=2.11 (95%Cl, » Different reporting of the

1.50-2.97) number of alive discharges
in both 10-day and 5-day
remdesivir courses from the
Goldman et al. study (68 and
16 in the Shrestha et al.

review vs. 120 and 103 in the

current review, respectively)

1 RR, risk ratio (relative risk); Cl, confidence intal; ADR, adverse drug reaction; OR, odds ratio



1

2

&We have only mentioned the mutual measured outcofrid@se reviews.

®We have used the combined number of 5-day and §@alases for the meta-analysis.



| dentification

Screening

Eligibility

Included

Records identified through database searching

Pubmed: 815, WOS:378, Scopus:1177, Science
direct:1231, Wiley online library:943, medRxiv and
boRxiv:1018
(n=5562)

A

Additional records identified through other

sources
(n=31)

Records after duplicates removed
(n=4491)

A4

Records screened by title and abstracts
(n=4491)

Records excluded
(n=4165)

A 4

Full-text articles assessed for eligihility
(n=326)

Studiesincluded in quditative synthesis (n =11)
RCT (n=5)
NRS (n=6)

\ 4

Studiesincluded in quantitative synthesis (meta-
analysis) (n=10)

RCT (n=5)
NRS (n=5)

Full-text articles excluded, with
reasons (n=315)

In-vitro/in-silico/animal experiments
(n=96)

Investigating other medications
(n=93)

Evaluating other diseases (n=68)

Review/systematic review and meta-
analysig/editorial/commentary
(n=18)

Irrelevant (n=17)

Unfinished/ terminated/ suspended
clinica trias (n=13)

Duplicate (n=8)
Case reports (n=2)







Highlights

* Remdesivir could improve the 28-day recovery rate

* Remdesivir may lower the invasive mechanica ventilation (IMV) or extracorporeal
membrane oxygenation (ECMO) requirement within the second 14 days of treatment

* The need for low flow oxygenation may get lower during the first 14 days of remdesivir
treatment

* There are no significant differences between 5-day and 10-day remdesivir regimens

» Patients under remdesivir treatment may be at lower risk of experiencing serious adverse

drug reactions than the comparison/control group



