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ARTICLE INFO ABSTRACT

Keywords: Aims: COVID-19 outbreak has created a public health catastrophe all over the world. Here, we have aimed to
Remdesivir conduct a systematic review and meta-analysis on remdesivir use for COVID-19.

COVID 19. . Main methods: We searched Pubmed, Scopus, Embase, and preprint sites and identified ten studies for qualitative
Z};Drgpeum efficacy and four studies for quantitative analysis using PRISMA guidelines. The quantitative synthesis was performed

using fixed and random effect models in RevMan 5.4. Heterogeneity was assessed using the I-squared (I%) test.
Key findings: Comparing 10-day remdesivir group with placebo or standard of care (SOC) group, remdesivir
reduced 14 days mortality (OR 0.61, CI 0.41-0.91), need for mechanical ventilation (OR 0.73, CI 0.54-0.97), and
severe adverse effects (OR 0.69, 95% CI 0.54 to 0.88). Clinical improvement on day 28 (OR 1.59, CI 1.06-2.39),
day 14 clinical recovery (OR 1.48, CI 1.19-1.84), and day 14 discharge rate (OR 1.41, CI 1.15-1.73) were better
among remdesivir group. Earlier clinical improvement (MD —2.51, CI —4.16 to —0.85); and clinical recovery
(MD —4.69, CI —5.11 to —4.28) were seen among the remdesivir group.

Longer course (10 days) of remdesivir showed a higher discharge rate at day 14 (OR 2.11, CI 1.50-2.97), but
there were significantly higher rates of serious adverse effects, and drug discontinuation than the 5-day course.
Significance: Remdesivir showed a better 14 days mortality profile, clinical recovery, and discharge rate. Overall
clinical improvement and clinical recovery were earlier among the remdesivir group. 10-day remdesivir showed
more adverse outcome than 5-day course with no significant benefits.

Coronavirus-2

1. Introduction

Corona Virus Disease -19 (COVID-19) outbreak which was first seen
in the Hubei province of China in late December of 2019 has become a
widespread pandemic. The infection is caused by a new strain of coro-
navirus which was later named as Severe Acute Respiratory Syndrome —
Coronavirus 2 (SARS-CoV 2). The virus has spread all over the globe and
created a public health catastrophe meanwhile dragging several coun-
tries into economic crises. The symptoms of infection range from mild
viral illness symptoms including sore throat, headache, cough, fever to
severe symptoms of pneumonia, and ARDS. As of August 28, 2020, 24
million cases have been confirmed and more than 800,000 deaths have

been recorded due to COVID-19 [1]. However, a lack of standardized
treatment makes the situation even more frightful. Remdesivir is being
used as one of the repurposed drugs in combating the illness all around
the world.

Remdesivir, a nucleotide analog prodrug that inhibits viral RNA
polymerases, has shown in vitro activity against SARS-CoV-2 [2]. Sub-
sequent evaluation by numerous virology laboratories demonstrated the
ability of remdesivir to inhibit coronavirus replication, including SARS-
CoV-2 [3]. As a nucleoside analog, remdesivir acts as an RNA dependent
RNA polymerase (RdRp) inhibitor, targeting the viral genome replica-
tion process. The RdRp is the protein complex coronaviruses use to
replicate their RNA-based genomes. After the host metabolizes
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remdesivir into active NTP, the metabolite competes with adenosine
triphosphate (ATP: the natural nucleotide normally used in this process)
for incorporation into the nascent RNA strand. In addition, the drug is
believed to outpace the proofreading property of the virus, thus main-
taining the antiviral activity [4,5]. The World Health Organization
(WHO) has considered this drug as one of the promising therapeutics
against fighting COVID-19. Multiple clinical trials are underway on the
use of remdesivir for the treatment of COVID-19 in the United State of
America (USA) and all around the world [6].

We aimed to search for clinical evidence to support the use of
remdesivir regarding its safety and side effects to find out whether the
drug is a real game-changer or just another drug being used in a trial.

2. Objective
2.1. Primary outcome

1. To compare mortality rate, clinical improvement, and discharge
among patients receiving 10- day course of remdesivir compared to
placebo or standard of care.

2. To compare mortality rate, clinical improvement, and discharge
among patients receiving 10- day course of remdesivir compared to a
5-day course of remdesivir therapy

2.2. Secondary outcome

e To compare adverse effects, need for oxygen support, and mean
duration of clinical recovery among patients receiving remdesivir
compared to standard of care or placebo.

e To compare adverse effects, need for oxygen support, and mean
duration of clinical recovery among patients receiving a 10-day
course of remdesivir compared to a 5-day course of remdesivir.

3. Materials and methods

Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline was used for our systematic review [7].

3.1. Criteria for considering studies for this review

3.1.1. Types of studies

We included the studies focusing on mortality rate, clinical
improvement and recovery, discharge rate, adverse effects, mechanical
ventilation and respiratory support, mean difference of clinical
improvement as well recovery among patients taking remdesivir
compared to the patients receiving standard of care alone. Also, we
included studies comparing a longer regimen and a shorter regimen of
remdesivir comparing the above outcomes.

3.1.2. Types of participants

We included studies including patients diagnosed with COVID-19
who received remdesivir in addition to the standard of care (SOC) or
only receiving standard of care or placebo with comparison made with
the remdesivir group.

3.1.3. Types of interventions

Our treatment arm consists of patients taking remdesivir along with
the SOC while the control arm consists of patients receiving SOC or
placebo.

3.1.4. Types of outcome measures

For our quantitative analysis, mortality, clinical improvement and
recovery, discharge rate, mechanical ventilation and respiratory sup-
port, adverse effects, mean difference of clinical improvement as well
recovery and treatment outcome at day 14 and day 28 among the
treatment and control group that occurred during treatment were
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Fig. 1. Risk of bias assessment of trials.

outcomes of interest.

3.1.5. Outcomes

We compared mortality, clinical improvement, and recovery,
discharge rate, mechanical ventilation and respiratory support, adverse
effects, mean difference of clinical improvement as well recovery and
treatment outcome at day 14, and day 28 between treatment and control
arms. Also, we compared the longer regimen and shorter regimen of
remdesivir for the above outcomes.

3.2. Search methods for identification of studies

Pubmed, PubMed Central, Embase, Scopus, and preprint servers like
medRxiv and bioRxiv were accessed by our reviewers (PB and DBS) who
independently searched and evaluated the quality of the studies till
August 25, 2020. We filtered the studies using Covidence and extracted
data for quantitative and qualitative synthesis. Any potential conflict
was solved taking the final opinion of another reviewer (SK). Another
reviewer (ER) assessed the risk of bias and cross-checked all the selected
studies.

3.2.1. Electronic searches
We have documented the detailed search strategy in Supplementary
file no. 1.

3.3. Data collection and analysis

We extracted the data for quantitative synthesis through Covidence
and did the analysis using RevMan 5.4. Assessment of heterogeneity was
done using the I-squared (Iz) test. We used a random/fixed effect for the



D.B. Shrestha et al.

Table 1

NHLBI assessment of bias for observational studies.
Study Score Percentage Quality
Anderson et al. [10] 8/14 57.1% Fair
Antinori et al. [11] 9/14 64.2% Good
Augustin et al. [12] 10/14 71.4% Good
Grein et al. [2] 8/14 57.1% Fair
Olender et al. [13] 10/14 71.4% Good
Pasquini et al. [14] 10/14 71.4% Good

Good if they fulfilled 60-100% of the tool items, Fair if 50-59% or Poor if
0-49%.

pooling of selected studies.

3.3.1. Selection of studies

We have included Randomized Control Trials (RCTs), prospective,
and retrospective observational studies in which the patients received
remdesivir for the treatment of COVID-19 in the qualitative analysis. For
the quantitative analysis, we included only RCTs with a treatment arm
and a control arm. We excluded studies in which remdesivir was used for
treatment among the pediatric age group, pregnant women, patients
with Acquired Immuno-deficiency Syndrome (AIDS), end-stage liver
disease, and cancer in the entire study population. We excluded meta-
analysis, reviews, protocols, in-silico studies, Artificial Intelligence-
based simulation studies, and the studies in which the outcome was
not properly defined among the patients treated with remdesivir.

3.3.2. Data extraction and management
We evaluated the quality of studies thoroughly and also took into
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account only the outcomes that were of our interest.

3.3.3. Assessment of risk of bias in included studies

We used the Cochrane Risk of Bias (ROB) 2.0 tool for analysis of our
RCTs shown in Fig. 1 [8]. We used the NHLBI (National Heart, Lung, and
Blood Institute) quality assessment tools to assess the risk of bias in our
prospective and retrospective observational studies (Table 1) [9]. De-
tails of NHLBI bias assessment of observational studies are available in
supplementary file 2. We used RevMan 5.4 for creating a summary of
biases for RCTs using the Cochrane ROB 2.0 tool.

3.3.4. Assessment of heterogeneity

The I-squared (I2) test was used for the assessment of heterogeneity.
We interpreted the I-squared (12) test done based on the Cochrane
Handbook for Systematic Reviews of Interventions as follows [15]:

i) 0% to 40%: might not be important.

ii) 30% to 60%: may represent moderate heterogeneity.
iii) 50% to 90%: may represent substantial heterogeneity.
iv) 75% to 100%: considerable heterogeneity.

The importance of the observed value of I2 depends on (i) magnitude
and direction of effects and (ii) strength of evidence for heterogeneity (e.
g. P-value from the chi-squared test, or a confidence interval for ).

3.3.5. Assessment of reporting biases
Reporting bias was checked by prefixed reporting of the outcome.

Records identified through
database searching
(n=4910)
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preprint servers (medRxiv, bioRxiv)
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Fig. 2. PRISMA diagram.
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Table 2
Qualitative analysis.
Study Population Intervention Comparator Outcome
Beigel et al. [17], RCT, USA N: 1059 (T =538, C = 521) Remdesivir (200 mg loading Placebo for 10 Mortality rate at D14: T = 32/538C = 54/
Sex: dose on day 1, followed by days in additionto 521
F=1[379; T=189;C=190] M = [684; T = 100 mg daily for up to 9 standard of care Clinical recovery at D15: T = 334/538C =
352 C = 332] additional days) with 273/521
Mean age(SD) supportive care Discharge (alive)D15: T = 257/538C =
58.9 (15.0) 203/521
T = 58.6 (14.6) Adverse events: T = 156/538; C = 172/
C =59.2(15.4) 521
Inclusion: Serious adverse events
T =114/538; C = 141/521
e Age > 12 years Events leading to drug discontinuation
e Hospitalized with symptoms suggestive of T =49/538 C = 53/521
COVID-19 Duration of median recovery, days
Symptoms suggestive of lower respiratory T =11(9-12), C =15 (13-19)
tract infection: Non-invasive mechanical ventilation
Baseline:
e Radiographic infiltrates by an imaging T = 98/541 C = 99/522
study D15: T = 16/538C = 14/521
e Peripheral 02 sat <94% on RAR requiring Invasive mechanical ventilation
supplemental 02, mechanical ventilation, or Baseline
ECMO T =125/541 C = 147/522
Exclusion: D15

T = 60/538 C = 72/521

[0 ALT/AST >5x ULN
[0 Impaired renal function or need for

hemodialysis or hemofiltration (the cutoff

of what impaired renal function means is

not specifically stated in the manuscript)
O Allergy to study product
[0 Pregnancy or breastfeeding
[0 Anticipated discharge from the hospital or

transfer to another hospital within 72 h of

enrollment
Goldman et al. [18], RCT, N: 397 (T = 200, C = 197) Intravenous remdesivir for 5 Intravenous Mortality rate at D14
multi-center study (nine Sex: F =144, M = 253 days remdesivir for 10 T5 = 16/200 C10 = 21/197
countries) History: 200 mg of remdesivir on day  days Clinical improvement
Median age (IQR) yr T5 = 61 (50-69); C10 = 1 and 100 mg once daily on D7: T5 = 71/200 C10 = 54/197
62 (50-71) subsequent days. D14
Inclusion: T5 =129/200 C10 = 107/197
Oxygen saturation of 94% or less while they Recovery
were breathing ambient air, and radiologic D7
evidence of pneumonia, age 12 years and T5 =71/200 C10 = 51/197
above D14
T5 = 129/200 C10 = 106/197
Discharge (alive)
D14
T5 = 16/200 C10 = 68/197
Adverse events
T5 = 141/200 C10 = 145/197
Serious adverse events
T5 = 42/200, C10 = 68/197
Any grade > 3 adverse event
T5 = 61/200; C10 = 84/197
Events leading to drug discontinuation
TS5 = 2/200 C10 = 8/197
Clinical improvement (median day)
T5=10C10 =11
Clinical improvement
D14
T5 = 129/200; C10 = 107/197
Non-invasive mechanical ventilation or
high-flow oxygen
Baseline
T5 = 49/200; C10 = 60/197
At day 14
T5 = 9/200; C10 = 10/197
Invasive mechanical ventilation or ECMO
Baseline:
T5 = 4/200; C10 = 9/197
At day 14
T5 = 16/200; C10 = 33/197
Spinner et al. [19], RCT, N: 596 (T10 = 196, T5 = 199, C = 200) Intravenous remdesivir (200 The same volume Mortality rate
randomized open label Sex: F =227, M = 369 mg on of placebo D28
History: day 1 followed by 100 mg on T10 3/193 T5 2/191

(continued on next page)
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Table 2 (continued)
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Study Population Intervention Comparator Outcome
multicenter trial, US, Median age 57 [interquartile range, 46-66] days 2-10 in single daily infusions for 10 C 4/200
Europe, and Asia years infusions) days D14
Inclusion: T10 2/193 T5 1/191
Confirmed severe acute respiratory syndrome C 4/200
coronavirus 2 D11
(SARS-CoV-2) infection and moderate COVID- T10 2/193 T5 0/191
19 pneumonia C 4/200

(Pulmonary infiltrates and room-air oxygen
saturation > 94%)

Clinical Improvement: (An improvement
of at least 2 points from baseline on the 7-
point ordinal scale)

D28

T10 174/193 T5 171/191

C 166/200

D14

T10 148/193 T5 146/191

C 135/200

D7

T10 92/193 T5 106/191

C 94/200

Recovery (An improvement from a
baseline score of 2 to 5 to a score of 6 or 7
or from a baseline score of 6 to a score of
7)

D28

T10 178/193 T5 175/191

C 70/200

D14

T10 153/193 T5 153/191

C 145/200

D7

T10 94/193 T5 114/191
C101/200

Discharge (alive)

D28

T10 174/193 T5 170/191

C 166/200

D14

T10 146/193 T5 146/191

C 134/200

D11

T10 125/193 T5 134/191

C 120/200

Adverse events

T 10 113/193 T5 98/191

C 93/200

Serious adverse events

T10 10/193 T5 9/191

C 18/200

Events leading to drug discontinuation
T10 8/193 T5 4/191

C NA/200

Any grade > 3 adverse event

T10 24/193 T5 20/191

C 24/200

Undetectable viral RNA (Clearance)
D28

T10/193 T5/191C/200

D14

T10/193 T5/191 C/200

D7

T10/193 T5/191 C/200

Duration of median clinical improvement
(>2-pt Improvement), days
T1I0=8(4-149)T5=6(5-149)C=38
(5-22)

Duration of median Recovery, days
T1I0=8(4-13) T5=6(5-10)C=7
(4-15)

Non-invasive mechanical ventilation or
high flow oxygen devices

Baseline:

T10 1/193 T5 2/191 C 2/200

D14

(continued on next page)
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Study

Population

Intervention Comparator

Outcome

Wang et al. [20],
randomized controlled
trial, China

Grein et al. [2], multicenter
cohort, ten countries

N: 237 (T = 158, C = 79)
Sex: F =96, M = 140
Inclusion:

Adults (aged >18 years)
Laboratory-confirmed SARS-CoV-2
infection

Symptom onset to the enrolment of 12 days
or less

SPO2 of 94% or less on room air or PAO2/
FiO2 of 300 mmHg or less

Radiologically confirmed pneumonia

N =53

F=13,M =40

The age range was 23 to 82 years, and the
median age was 64 years (interquartile range,
48 to 71)

Inclusion:

e Confirmed RT-PCR test

Same volume of
placebo infusions
for 10 days

Intravenous remdesivir (200
mg on day 1 followed by 100
mg on days 2-10 in single
daily infusions)

Patients received a 10-day course of remdesivir,
consisting of 200 mg administered intravenously on
day 1, followed by 100 mg daily for the remaining 9
days of treatment

T10 0/193 TS 4/191 C4/200
D28
T10 1/193 T5 1/191 C 0/200

Invasive mechanical ventilation or ECMO
Baseline

T10 0/193 T5 0/191

C 0/200

D14

T10 1/193 T5 0/191 C 5/200

D28 T10 0/193 T5 0/191 C 4/200
Mortality rate

D7 T =10/158 C = 4/78

D14 T =15/158 C =7/78

D28 T = 22/158 C = 10/78 Clinical
Improvement (two-point improvement):
D28 T 103/158 C 45/78

D14 T 42/158 C 18/78

D7 T 4/158 C 2/78

Discharge (alive)

D28 T 92/158 C 45/78
D14 T 39/158 C 18/78
D7 T 4/158 C 2/78

Any Adverse events
T =102/158 C = 50/78

Any Grade 3 or 4 AE
T =13/158 C=11/78

Serious adverse events T = 28/158; C =
20/78

Serious Grade 3 or 4 AE
T =9/158 C =10/78

Events leading to drug discontinuation
T =18/158; C = 4/78

Undetectable viral RNA (Clearance)
D28 T =99/131, C = 54/65

D14 T =93/131 C = 49/65

D7 T = 66/131 C = 32/65

Duration of oxygen support, days
T =19-0(11-0 to 30-0) C = 21-0 (14-0 to
30-5)

Duration of hospital stay, days T = 25-0
(16-0 to 38-0) C = 24-0 (18-0 to 36-0)
Duration of median clinical improvement,
days

T = 21-0 days [IQR 13-0-28-0] C = 23-0
days [15-0-28-0]

Non-invasive mechanical ventilation to
high-flow nasal cannula

Baseline T = 28/158 C = 9/78

D14 T =13/158 C = 8/78

D28 T =2/158 C = 2/78

Invasive mechanical ventilation or ECMO
Baseline T = 0/158 C = 1/78

D14 T =4/158 C=7/78

D28 T =2/158 C = 3/78

Mortality rate

T=17/53

Clinical Improvement T = 36/53
Discharge (alive) T = 25/53 Adverse
events T = 32/53

Serious adverse events T = 12/53

Non-invasive mechanical ventilation

(continued on next page)
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Study

Population

Intervention Comparator

Outcome

Anderson et al. [10], Cohort,
USA

Antiniori [11], prospective
open-label study, Italy

Augustin et al. [12],
prospective open
observational study, USA,
Europe and Japan

Olender et al. [13], phase 3,
randomized, open-label
trial and retrospective
cohort study, multicenter
study

Pasquini et al. [14],
retrospective
observational study, Italy

N

Oxygen saturation of 94% or less while they
were breathing ambient air or who were
receiving oxygen support patients

Have a creatinine clearance above 30 ml per
minute and serum levels of alanine
aminotransferase (ALT) and aspartate
aminotransferase (AST) less than five times
the upper limit of the normal range
Agreed not to use other investigational
agents for Covid-19

=1643

Median age = 67 (IQR 56-78 years)
Majority were Hispanic or Black

N=35
M=26,F=9

ICU = 18, Ward = 17
Inclusion

Male or non-pregnant female aged >18 years,
had SARS CoV-2 infection confirmed by a
positive reverse-transcriptase polymerase
chain reaction (RT-PCR) test of a respiratory
tract sample and pneumonia confirmed by a
chest X-ray or computed tomography (CT)
scan, and were mechanically ventilated or had
an oxygen saturation (Sa02) level of <94% in
room air or a National Early Warning Score
(NEWS)2 of >4

Exclusion

AST and ALT more than 5 times the upper
limit

Creatinine clearance <30 ml/min

N = 61 (Data of 53 patients because of no
follow up data of 7 patients and one patient
received incorrect dosage)

M =40, F = 21

Inclusion:

Hospitalized patients with severe SARS-
CoV-2 infection and oxygen saturation <
94%

Consent not to receive any further off-label
substances against COVID-19

Exclusion

Creatinine clearance <30 ml/min
ALT and AST >5 times the normal value

N =1130

T:312 C:818

Inclusion

e 18 years of age with SARS-CoV-2 infection
confirmed by polymerase chain reaction

e Oxygen saturation (Sp0O2) of <94% on
room air or required supplemental oxygen

e Had radiographic evidence of pulmonary
infiltrates.

Exclusion

e Receiving medications that may potentially
treat COVID-19 at entry but some received
these treatments during the study.

e Patients on mechanical ventilation at
screening

N=>51

T =25C =26

M=47F =4

Median age = 47

Patients received remdesivir in addition to standard
of care. Dose of remdesivir not mentioned.

The 10-day course of remdesivir was completed by
22 patients (63%) and discontinued by 13, of whom
eight (22.8%) discontinued because of adverse
events

An intravenous loading dose of 200 mg on day 1,
followed by an intravenous dose of 100 mg/day
from day 2 to day 10.

Patients received 200 mg remdesivir iv on the first
day, followed by 9 days of 100 mg remdesivir
therapy iv.

Standard of care treatment (subject to clinical
practice stipulated by individual sites) plus
remdesivir 200 mg on day 1, followed by remdesivir
100 mg daily on days 2-5

Standard-of-care plus remdesivir 200 mg on day 1,
followed by remdesivir 100 mg daily on days 2-10
(remdesivir-cohort)

Remdesivir cohort obtained from Phase 3
randomized trial

Non remdesivir cohort obtained from
retrospective cohort study

First dose of 200 mg IV on Day 1, plus 100 mg daily
from Day 2 to Day 10 in the treatment group
Concomitant therapies include hydroxychloroquine,
tocilizumab and lopinavir/ritonavir

Baseline T = 7/53
After Treatment T = 3/53

Invasive mechanical ventilation Baseline
T = 34/53
After Treatment T = 10/53

586 patients (36%) had a LOS of 1-4 days,
384 patients (23%) had a LOS of 5-8 days,
and 673 patients (41%) were hospitalized
>9 days

Median LOS 7 days (3-14 days)
In hospital 28-day mortality was 26%

41% of patients both received a 5-day
course of remdesivir and have LOS
shortened by 4 days or more

The median follow-up was 39 days (IQR
25-44).

On day 28,

Ward patients

Discharged: 14

Hospitalized: 2

Mortality: 1

ICU patients

Discharged: 6 (33.3%)

Mortality: 8 (44.4%)

Mechanically ventilated: 3 (16.7%)
Improved: 1 (5.6%)
Hypertransaminasemia (42.8%) and acute
kidney injury (22.8%) are the most
frequent side effects

Follow up time of 18 days

Improvement: 36/53

Extubation: 17/30 of invasive ventilated
patients

Termination of ECMO: %

Mortality: 7/53

Side effects: 32/53

Liver abnormalities, diarrhea, rash, renal
impairment and hypotension

At Day 14

Remdesivir cohort

74.4% recovered, OR 2.03, 95% CI
1.34-3.08

Non Remdesivir cohort

59% recovered

Mortality at day 14

OR 0.38, 95% CI 0.22-0.68

7.6% in remdesivir cohort vs 12.5% in the
non-remdesivir cohort

Better survival with remdesivir using
Charlson Comorbidity Index OR 3.506
(95% CI 1.768-6.954)

Median follow up 52 days (46-57)

(continued on next page)
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Study Population

Intervention

Comparator Outcome

Inclusion criteria

e Age more than 18 years

e Positive RT-PCR essay

e Severe respiratory failure with the need for
mechanical ventilation

Exclusion criteria

e Mortality within the first 48 h

AE: Adverse Effect; ALT: Alanine Transaminase; AST: Aspartate Transaminase; C: Control; CI: Confidence Interval; CT: Computed Tomography; D7: Day7; D14: Day 14;
D28: Day 28; ECMO: Extra Corporeal Membrane Oxygenation; F: Female; FiO2: Fraction of Inspired Oxygen; h: hours; ICU: Intensive Care Unit; IV: Intravenous; IQR:
Interquartile Range; LOS: Length of Stay; M: Male; N: Number; OR: Odd’s Ratio; PaO2: Partial pressure of oxygen; RT-PCR: Reverse Transcription Polymerase Chain
Reaction; T: Treatment; T5: 5 days treatment group; T10: 10 days treatment group; USA: United States of America.

3.3.6. Data synthesis

Statistical analysis was performed using RevMan 5.4 software. Risk
Ratio (RR)/0dds Ratio (OR) was used for outcome estimation whenever
appropriate with 95% Confidence Interval (CI). The fixed/random-
effects model was used according to heterogeneities. We analyzed the
mean differences among the two groups for the duration of clinical
improvement and recovery using the median, sample size, and inter-
quartile range whenever the means and standard deviations were not
provided in the study [16].

3.3.7. Subgroup analysis and investigation of heterogeneity
We used the random effect model, in cases of heterogeneity.

3.3.8. Sensitivity analysis

We did not run sensitivity analysis being there were only three RCTs
comparing remdesivir with SOC and two only comparing shorter and
longer regimens of remdesivir. Also, there is low-moderate heteroge-
neity in most fields of our analysis so sensitivity analysis was not used.

4. Results
A. Qualitative synthesis

We identified a total of 5573 studies after electronic database
searching. We removed 600 duplicates. Screening of the title and ab-
stracts of 4973 studies was done. We excluded 4942 studies and checked
31 articles for full-text eligibility. We excluded 21 studies with definite
reasons mentioned in the PRISMA flow diagram in Fig. 2. At last, 10
studies were selected for qualitative analysis. A discussion of these

studies is done in Table 2.
B. Quantitative synthesis

Overall four RCTs are included in the quantitative synthesis.

4.1. Treatment outcome

We have compared outcomes of randomized studies with 10 days of
remdesivir versus placebo or standard of care (SOC) and also longer
course (10 days) of remdesivir with shorter one (5 days). Mortality rate,
clinical improvement (>2-point improvement in the ordinal score),
clinical recovery (an improvement from a baseline score of 2 to 5 to a
score of 6 or 7 or from a baseline score of 6 to a score of 7 in the ordinal
score), and discharge rate were our primary outcome variables. Devel-
opment of adverse effects (severe, overall, and grade > 3 adverse
events), invasive and non-invasive mechanical ventilation requirement,
and mean duration of clinical recovery and improvement were our
secondary outcome variables between remdesivir versus placebo or
standard of care (SOC) and shorter (5 days) versus longer (10 days) use
of remdesivir. Among the included studies meta-analysis, we found
there is low-high heterogeneity, may be due to different study design,
biological variability among studies, and risk of bias among studies that
could not be omitted fully.

4.1.1. Remdesivir (10 days) versus placebo or standard of care: mortality
rate

The meta-analysis of odds ratios (OR) for remdesivir compared with
placebo or SOC using fixed effect model among three randomized

Remdesivir Placebo or SOC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Day 14 Mortality
Beigel JH 2020 32 538 54 521 80.7%  0.55[0.35,0.86) S &
Spinner CD 2020 2 193 4 200 6.1% 0.51 [0.09, 2.83) R
Wang Y 2020 15 158 4 78 13.3% 1.06[0.42,2.73) —_—
Subtotal (95% CI) 889 799 100.0% 0.61 [0.41,0.91] @
Total events 49 65
Heterogeneity: Chi*=1.60, df= 2 (P = 0.45), F=0%
Test for overall effect: Z= 2.44 (P=0.01)
1.1.2 Day 28 Mortality
Spinner CD 2020 3 183 4 200 251% 0.77[0.17,3.50) I —
Wang Y 2020 22 158 10 78 749% 1.10[0.489, 2.45) t
Subtotal (95% CI) 351 278 100.0% 1.02 [0.50, 2.06]
Total events 25 14

Heterogeneity: Chi*= 0.16, df=1 (P = 0.69), F=0%
Test for overall effect: Z= 0.05 (P = 0.96)

Test for subaroup differences: Chi*=1.52, df=1 (P=0.22), F=341%

0.01 01 10 100
Remdesivir Placebo or SOC

Fig. 3. Forest plot for mortality comparing remdesivir versus placebo or standard of care.
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Remdesivir  Placebo or SOC Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Clinical improvement: Day 14 of treatment
Spinner CD 2020 148 193 135 200 63.6% 1.58[1.01,2.47) ——
Wang Y 2020 42 158 18 78 36.4% 1.21 [0.64, 2.28) — T
Subtotal (95% CI) 351 278 100.0%  1.45[1.00, 2.08] =
Total events 190 153

Heterogeneity: Chi*= 0.47, df=1 (P = 0.49), F=0%
Test for overall effect: Z= 1.98 (P = 0.05)

2.1.2 Clinical improvement: Day 28 of treatment

Spinner CD 2020 174 193 166 200 43.4%  1.88[1.03,3.42) —
Wang Y 2020 103 158 45 78 56.6%  1.37[0.79,2.39) —
Subtotal (95% Cl) 351 278 100.0%  1.59[1.06, 2.39] R

Total events 277 21

Heterogeneity: Chi*= 0.56, df=1 (P = 0.46); F= 0%
Test for overall effect: Z= 2.24 (P = 0.02)

0.2 05 2 5
Remdesivir Placebo or SOC

Test for subaroup differences: Chi*=0.12, df=1{P=0.73). F=0%

Fig. 4. Forest plot for clinical improvement comparing remdesivir versus placebo or standard of care.

Remdesivir  Placebo or SOC Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.2.1 Clinical recovery: Day 14
Beigel JH 2020 (1) 334 538 273 521 781% 1.49[1.16,1.90] L 3
Spinner CD 2020 153 193 145 200 21.9% 1.45[0.91,2.31) T
Subtotal (95% CI) 731 721 100.0% 1.48[1.19,1.84] <
Total events 487 418

Heterogeneity: Chi*=0.01, df=1 (P =0.93); F= 0%
Test for overall effect: Z= 3.54 (P = 0.0004)

2.2.2 Clinical recovery: Day 28

Spinner CD 2020 178 193 170 200 100.0% 2.09[1.08, 4.03) t
Subtotal (95% CI) 193 200 100.0%  2.09[1.09,4.03]
Total events 178 170

Heterogeneity: Not applicable
Test for overall effect: Z=2.21 (P = 0.03)

1
T

0.05 0.2 5 2

o+

. . Remdesivir Placebo or SOC

Test for subgroup differences: Chi*=0.98, df=1 (P=0.32), F=0%
Footnotes
(1) Recovery at Day 15

Fig. 5. Forest plot for clinical recovery comparing remdesivir versus placebo or standard of care.

Remdesivir  Placebo or SOC Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.1.1 Dischagre: Day 14
Beigel JH 2020 (1) 257 538 203 521 68.2% 1.43[(1.12,1.83) ——
Spinner CD 2020 146 193 134 200 20.3% 1.53(0.98, 2.38) —
Wang Y 2020 39 158 18 78 11.5% 1.09 [0.58, 2.07) —————
Subtotal (95% ClI) 889 799 100.0%  1.41[1.15,1.73] <>
Total events 442 355
Heterogeneity: Chi*= 0.76, df= 2 (P = 0.68), F=0%
Test for overall effect: Z= 3.34 (P = 0.0008)
3.1.2 Discharge: Day 28
Spinner CD 2020 174 193 166 200 38.9% 1.88[1.03,3.42) —
Wang Y 2020 92 158 45 78 61.1% 1.02[0.59,1.77) ——
Subtotal (95% ClI) 351 278 100.0% 1.35[0.91,2.02] =
Total events 266 21
Heterogeneity: Chi*= 214, df=1 (P=0.14), F=53%
Test for overall effect Z=1.48 (P=0.14)
02 05 2 5

. . Remdesivir Placebo or SOC
Test for subgroup differences: Chi*= 0.03, df=1 (P = 0.85), F= 0%

Footnotes
(1) Atday 15

Fig. 6. Forest plot for discharge rate comparing remdesivir versus placebo or standard of care.
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Placebo or SOC
Events

Remdesivir

Study or Subgroup  Events Total

Total Weight M-H, Random, 95% CI

Life Sciences 264 (2021) 118663

Odds Ratio Odds Ratio

M-H, Random, 95% CI

4.1.1 Overall

Beigel JH 2020 156 538 172 521 39.8%
Spinner CD 2020 113 183 93 200 33.7%
Wang Y 2020 102 158 50 78 26.5%
Subtotal (95% CI) 889 799 100.0%
Total events 371 315

Heterogeneity: Tau*= 0.11; Chi*= 7.67, df= 2 (P = 0.02); F=74%
Test for overall effect. Z=0.41 (P = 0.68)

4.1.2 Severe Advere effects

Beigel JH 2020 114 538 141 521 76.1%
Spinner CD 2020 10 183 18 200 95%
Wang Y 2020 28 158 20 78 143%
Subtotal (95% CI) 889 799 100.0%
Total events 152 179

Heterogeneity: Tau®= 0.00; Chi*= 0.50, df= 2 (P = 0.78); F=0%
Test for overall effect. Z=2.93 (P = 0.003)

4.1.3 Grade >3 adverse event

Spinner CD 2020 24 193 24 200 61.4%
Wang Y 2020 13 158 1" 78 38.6%
Subtotal (95% CI) 351 278 100.0%
Total events 37 35

Heterogeneity: Tau*= 0.07; Chi*=1.47, df=1 (P=0.23); F= 32%
Test for overall effect. Z= 0.66 (P = 0.51)

Test for subaroup differences: Chi*=3.19, df= 2 (P=0.20), F= 37.3%

0.83 [0.64,1.08) —a

1.63[1.09, 2.42) —
1.02 (0.58,1.80) —_——
1.10[0.70,1.72] R

0.72 [0.55, 0.96) ——
0.55(0.25,1.23) —_—
0.62(0.33,1.20) —_—

0.69 [0.54, 0.88] <>

1.04 [0.57, 1.90)
0.55 [0.23, 1.28)
0.81 [0.44, 1.50]

=

'
T

o+

0.2 05 2
Remdesivir Placebo or SOC

Fig. 7. Forest plot for adverse events comparing remdesivir versus placebo or standard of care.

studies showed that remdesivir reduces 14 days mortality (OR 0.61, 95%
CI 0.41 to 0.91; participants = 1688; studies = 3; 12 = 0%). Meanwhile,
there is no significant difference between two groups for 28 days mor-
tality (OR 1.02, 95% CI 0.50 to 2.06; participants = 629; studies = 2; I?
= 0%) (Fig. 3).

4.1.2. Remdesivir (10 days) versus placebo or standard of care: clinical
improvement and recovery

Meta-analysis for clinical improvement (>2-point improvement in
ordinal score) showed slight improvement with statistical significance
only in day 28. (Day 14; OR 1.45, 95% CI 1.00 to 2.08; participants =
629; studies = 2; 2= 0%; Day 28; OR 1.59, 95% CI 1.06 to 2.39; par-
ticipants = 629; studies = 2; ? = 0%) (Fig. 4). Similarly, there is clini-
cally significant clinical recovery in day 14 among remdesivir groups
compared to placebo or SOC (OR 1.48, 95% CI 1.19 to 1.84; participants

Remdesivir Placebo
Study or Subgroup  Events Total Events Total

Weight M-H, Fixed, 95% CI

= 1452; studies = 2; 12 = 0%) (Fig. 5).

4.1.3. Remdesivir (10 days) versus placebo or standard of care: discharge
rate

Result on discharge rate showed increased discharge rate among
remdesivir group both in 14 days and 28 days but it is statistically sig-
nificant for 14 days only (day 14; OR 1.41, 95% CI 1.15 to 1.73; par-
ticipants = 1688; studies = 3; 2 = 0%; day 28; OR 1.35, 95% CI 0.91 to
2.02; participants = 629; studies = 2; = 53%) (Fig. 6).

4.2. Remdesivir (10 days) versus placebo or standard of care: adverse

effects

The meta-analysis of three randomized controlled trials showed that
the odds of having severe adverse effects is less among remdesivir group

7.1.1 NIMV or or highflow oxygen

Beigel JH 2020 (1) 16 538 14 521 129%
Spinner CD 2020 0 193 4 200 41%
Wang Y 2020 13 158 8 78 9.2%
Subtotal (95% CI) 889 799  26.2%
Total events 29 26

Heterogeneity: Chi*= 2.39, df= 2 (P = 0.30); F=16%

Test for overall effect. Z= 0.63 (P=0.53)

7.1.2IMV or ECMO

Beigel JH 2020 60 538 72 522 6B0.7%
Wang Y 2020 4 158 7 78 85%
Subtotal (95% CI) 889 800 73.8%
Total events 65 84

Heterogeneity: Chi*= 3.95, df=2 (P=0.14), F= 49%

Test for overall effect. Z=2.13 (P=0.03)

Total (95% CI) 1778 1599 100.0%

Total events 94 110
Heterogeneity: Chi*=6.88, df=5 (P =0.23); F=27%
Test for overall effect: Z=2.15 (P = 0.03)

Test for subaroup differences: Chi*=0.36, df=1 (P = 0.55), F=0%

0dds Ratio 0dds Ratio
M-H, Fixed, 95% Cl

1.11 [0.54, 2.30] ——
0.41(0.01,2.11] *
0.78(0.31,1.99) —_— T
0.84 [0.49, 1.45) -
0.78(0.54,1.13) -
0.26 [0.07,0.93]
0.69 [0.49, 0.97]

<
0.73 [0.54, 0.97]

<

005 02 1 5 20

Fig. 8. Forest plot for day 14 ventilation and respiratory support comparing remdesivir versus placebo or standard of care.
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Remdesivir Placebo or SOC Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
8.1.1 Duration of clinical improvement (= 2-pt Improvement), days
Spinner CD 2020 8.702 74693 193 11.8607 126944 200 650% -3.16[5.21,-1.11] ——
Wang Y 2020 20,6488 11.2227 158 219425 9819 78 350% -1.29[-4.09,1.50] I S E—
Subtotal (95% CI) 278 100.0% -2.51[-4.16,-0.85] o
Heterogeneity: Chi*=1.11,df=1 (P =0.29); F=10%
Test for overall effect: Z= 2.97 (P = 0.003)
8.1.2 Duration of clinical recovery, days
Beigel JH 2020 10.6496 22299 538 157007 44603 521 923% -505[548,-4.62) .
Spinner CD 2020 8.351 6.7223 193 87549 8214 200 7.7% -0.40[1.89,1.08] —=r
Subtotal (95% CI) 731 721 100.0% -4.69[-5.11, 4.28] L 2
Heterogeneity: Chi*= 34.89, df=1 (P < 0.00001); F=97%
Test for overall effect: Z= 22.44 (P < 0.00001)

NI N T

Test for subaroup differences: Chi*= 6.34, df=1 (P = 0.01), F=84.2%

Remdesivir Placebo or SOC

Fig. 9. Forest plot of mean differences of the duration of clinical improvement and recovery among remdesivir group versus placebo or SOC.

(OR 0.69, 95% CI 0.54 to 0.88; participants = 1688; studies = 3; ?=
0%) though odds for the development of overall adverse effect (OR 1.10,
95% CI 0.70 to 1.72; participants = 1688; studies = 3; 12 = 74%) and
grade > 3 adverse event (OR 0.85, 95% CI 0.52 to 1.38; participants =
629; studies = 2; I> = 32%) among two groups is statistically insignifi-
cant (Fig. 7). It is also important to note that the discontinuation of the
drug (due to adverse effects in patients) is not significant among the
groups. (OR 1.26, 95% CI 0.50 to 3.19) (Supplementary file 3. Fig. 1).

4.3. Remdesivir (10 days) versus placebo or standard of care: mechanical
ventilation and respiratory support

Meta-analysis of baseline mechanical ventilation and respiratory
support among included studies showed no statistical differences be-
tween two arms (OR 0.87, 95% CI 0.71 to 1.06; participants = 2991;
studies = 5; I? = 16%). Also there is no difference for both Non-invasive
Mechanical Ventilation (NIMV) and high-flow oxygen (OR 1.01, 95% CI
0.76 to 1.34; participants = 1692; studies = 3; 12 = 0%) and Invasive
Mechanical Ventilation (IMV) or Extra-corporeal Membrane Oxygena-
tion (ECMO) (OR 0.76, 95% CI 0.57 to 1.00; participants = 1299;
studies = 2; I? = 0%) (Supplementary file 3. Fig. 2).

But, at 14 days, the need for mechanical ventilation and respiratory
support is significantly lower among remdesivir groups (OR 0.73, 95%
CI 0.54 to 0.97; participants = 3377; studies = 6; 12 = 27%). On sub-
group analysis, the result shows decreased need for IMV or ECMO
requirement among remdesivir groups at day 14(OR 0.69, 95% CI 0.49
to 0.97; participants = 1689; studies = 3; 12 = 49%). While for NIMV and
high-flow oxygen it is of no statistical significance (OR 0.84, 95% CI 0.49
to 1.45; participants = 1688; studies = 3; = 16%) (Fig. 8).

4.4. Remdesivir (10 days) versus placebo or standard of care: mean
differences of duration of clinical improvement and recovery

Meta-analysis on clinical improvement (>2-point improvement in
ordinal score) showed clinical improvement among remdesivir group
(MD —2.51, 95% CI —4.16 to —0.85; participants = 629; studies = 2; 2
= 10%) approximately 2.5 days earlier. While clinical recovery (an
improvement from a baseline score of 2-5 to a score of 6 or 7 or from a
baseline score of 6 to a score of 7 in the ordinal score) was seen about
4.5 days earlier among the remdesivir group (MD —4.69, 95% CI —5.11
to —4.28; participants = 1452; studies = 2; 12 = 97%) (Fig. 9).

4.5. Treatment outcome at day 14: remdesivir shorter (5 days) versus
longer (10 days) course of treatment

Meta-analysis comparing the longer 10-day course of remdesivir
with shorter 5-day course showed higher discharge rate at day 14 (OR
2.11, 95% CI 1.50 to 2.97; participants = 781; studies = 2; 12 = 96%).
But there is significantly higher rates of serious adverse effects (OR 1.77,
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95% CI 1.19 to 2.65; participants = 781; studies = 2; 2 = 20%), grade >
3 adverse event (OR 1.53, 95% CI 1.09 to 2.16; participants = 781;
studies = 2; I = 0%), and drug discontinuation due to medication
intolerance (OR 2.74, 95% CI 1.06 to 7.07, participants = 781, studies =
2, I2 = 0%) among longer (10 days) course than shorter (5 days) treat-
ment group. Also IMV or ECMO requirement is higher among longer (10
days) course group (OR 2.34, 95% CI 1.26 to 4.35, participants = 781,
studies = 2, I? = 0%) than shorter (5 days) remdesivir group.

There is no statistical significance among two groups for overall 14
days mortality rate (OR 1.41, 95% CI 0.73 to 2.72, participants = 781,
studies = 2, = 0%), clinical improvement at 14 days (OR 0.79, 95% CI
0.58 to 1.07, participants = 781, studies = 2, 12 = 48%), clinical re-
covery (OR 0.75, 95% CI 0.55 to 1.02, participants = 781, studies = 2, 2
= 31%), overall adverse effects (OR 1.26, 95% CI 0.93 to 1.69, partic-
ipants = 781, studies = 2, I> = 0%), and NIMV or high flow oxygen
requirement (OR 0.78, 95% CI 0.34 to 1.77, participants = 781, studies
=2, I? = 58%) (Fig. 10).

C. Clinical trials

A total of 48 trials for the assessment of Remdesivir on COVID-19 has
been registered until now in ClinicalTrials.gov (ClinicalTrials.gov)
(Supplementary file 4). In most cases, these trials are being conducted
with the primary outcome as a time to recovery, mortality, clinical
improvement, and need for mechanical ventilation. Including the United
States (23 trials), France (4 trials), a total of 15 countries (among the
locations provided) are managing such trials around the globe. One of
them in France has an enrollment of 6 hundred thousand participants
and it is the largest trial. A total of 38 trials are clinical trials while the
rest of the trials are of observational types or expanded access (see
Fig. 11).

5. Discussion

Although multiple studies are conducted around the world there is
no specific treatment that proves to be efficacious with minimal adverse
effects. To obtain precise evidence to date, this meta-analysis is con-
ducted with available four RCTs to gauge the effectiveness of remdesivir
in comparison to placebo or standard of care.

Our meta-analysis of odds ratio showed reduced 14-day mortality
(OR 0.61, 95% CI 0.41 to 0.91) in patients taking remdesivir for ten
days; whereas no significant difference in 28 days mortality between
remdesivir groups and SOC or placebo (OR 1.02, 95% CI 0.50 to 2.06). In
contrast, Piscayo et al. showed no reduction of all-cause mortality in 14
days (RR 0.71, 95% CI 0.39 to 1.28) [21]. This may be due to inclusion
of data from Spinner CD et al. in the present meta-analysis, which was
not there in Piscayo et al. Meta-analysis of clinical recovery on day 14
and 28 were clinically and statistically significant in favor of patients
taking remdesivir in comparison to placebo or standard of care (day 14:


http://ClinicalTrials.gov
http://ClinicalTrials.gov
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10 days 5 days Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
9.1.1 Mortality
Goldman JD 2020 21 197 16 200 93.4% 1.37[0.69,2.72) —'.—
Spinner CD 2020 2 193 1 19 6.6% 1.99[0.18,22.13]
Subtotal (95% CI) 390 391 100.0%  1.41[0.73,2.72] >
Total events 23 17
Heterogeneity: Chi*= 0.08, df=1 (P=0.77), F= 0%
Test for overall effect. Z=1.03 (P = 0.30)
9.1.2 Clinical improvement
Goldman JD 2020 107 197 129 200 631% 0.65[0.44, 0.98] —
Spinner CD 2020 148 193 146 191 36.9% 1.01 [0.63,1.63] ——
Subtotal (95% ClI) 390 391 100.0%  0.79[0.58,1.07] <>
Total events 255 275
Heterogeneity: Chi*=1.91, df=1 (P=0.17), F= 48%
Test for overall effect. Z=1.54 (P=0.12)
9.1.3 Recovery
Goldman JD 2020 106 197 129 200 65.0% 0.64 [0.43, 0.96] —
Spinner CD 2020 153 193 153 191 35.0% 0.95[0.58, 1.56] —a—
Subtotal (95% CI) 390 391 100.0%  0.75[0.55,1.02] &
Total events 259 282
Heterogeneity: Chi*=1.45,df=1 (P=0.23), F=31%
Test for overall effect. Z=1.81 (P=0.07)
9.1.4 Discharge
Goldman JD 2020 68 197 16 200 225% 6.06(3.36,10.93) —
Spinner CD 2020 146 193 146 191 77.5% 0.96 [0.60, 1.53] —.—
Subtotal (95% Cl) 390 391 100.0%  2.11[1.50,2.97] P
Total events 214 162
Heterogeneity: Chi*= 23.23, df=1 (P < 0.00001); F= 96%
Test for overall effect: Z= 4.26 (P < 0.0001)
9.1.5 Overall adverse effects
Goldman JD 2020 145 197 141 200 475% 1.17[0.75,1.81]
Spinner CD 2020 113 193 98 191 525% 1.34(0.90, 2.01]
Subtotal (95% CI) 390 391 100.0% 1.26 [0.93, 1.69]
Total events 258 239
Heterogeneity: Chi*=0.21, df=1 (P = 0.65); F= 0%
Test for overall effect. Z=1.52 (P=0.13)
9.1.6 Serious adverse effects
Goldman JD 2020 68 197 42 200 761%  1.98[1.27,3.11] -
Spinner CD 2020 10 193 9 191 239% 1.11[0.44,2.78] —_—
Subtotal (95% ClI) 390 391 100.0%  1.77[1.19, 2.65] <>
Total events 78 51
Heterogeneity: Chi*=1.24, df=1 (P=0.26); F= 20%
Test for overall effect: Z= 2.79 (P = 0.005)
9.1.7 Grade >3 adverse event
Goldman JD 2020 84 197 61 200 66.4% 1.69[1.12, 2.56] —
Spinner CD 2020 24 193 20 191 336% 1.21 [0.65, 2.28] -
Subtotal (95% CI) 390 391 100.0%  1.53[1.09,2.16] &
Total events 108 81
Heterogeneity: Chi*= 0.75, df=1 (P =0.39), F= 0%
Test for overall effect Z= 2.43 (P = 0.02)
9.1.8 Events leading to drug disc
Goldman JD 2020 8 197 2 200 331% 4.19[0.88,19.99] S e —
Spinner CD 2020 8 193 4 191 66.9% 2.02(0.60, 6.83] ——
Subtotal (95% CI) 390 391 100.0%  2.74[1.06,7.07] ety
Total events 16 6
Heterogeneity: Chi*= 052, df=1 (P=0.47), F=0%
Test for overall effect: Z= 2.08 (P = 0.04)
9.1.9 NIMV or high-flow oxygen at day 14
Goldman JD 2020 10 197 9 200 653% 1.13[0.45, 2.86] —F—
Spinner CD 2020 0 193 4 191 347% 0.11[0.01,2.01] ¢ L
Subtotal (95% ClI) 390 391 100.0% 0.78[0.34,1.77] ‘
Total events 10 13
Heterogeneity: Chi*= 2.39, df=1 (P=0.12), F=58%
Test for overall effect: Z= 0.60 (P = 0.55)
9.1.10 IMV or ECMO
Goldman JD 2020 33 197 16 200 96.4%  2.31[1.23,4.36) ——
Spinner CD 2020 1 193 0 19 36% 298(012,73.72 >
Subtotal (95% CI) 390 391 100.0%  2.34[1.26,4.35] i
Total events 34 16
Heterogeneity: Chi*= 0.02, df=1 (P=0.88), F= 0%
Test for overall effect: Z= 2.68 (P = 0.007)

0.05 0.2 5 20

) y 10 days 5 days
Test for subaroup differences: Chi*= 40.20, df= 9 (P < 0.00001), F=77.6%

Fig. 10. Forest plot of treatment outcome at day 14: remdesivir shorter (5 days) vs longer (10 days) course of treatment.

12



D.B. Shrestha et al.

Life Sciences 264 (2021) 118663

Status of current clinical trials on remdesivir

® Recruiting participants

= Not recruiting participants

Active but not recruiting participants ® Enrolling by invitation

® Withdrawn

® Terminated

Suspended

® Available trials

Fig. 11. Pie-chart showing the status of clinical trials on remdesivir used to treat COVID-19 around the world.

OR 1.48, 95% CI 1.19 to 1.84; day 28: OR 2.09, 95% CI 1.09 to 4.03).
The findings are concurrent with Piscoya et al. [21]. Findings on
discharge rate on day 14 and 28 were higher among the remdesivir
group, but it is statistically insignificant on day 28. Analysis of clinical
improvement showed approximately 2.5 days earlier improvement
among the Remdesivir group than SOC. Zhu et al. also showed similar
findings with the discharge rate that was reflective of the patient’s re-
covery and clinical outcome [22]. A higher discharge rate was seen with
10 days use of remdesivir in comparison to 5 days. However, the dif-
ference in clinical improvement was not significant with 5 days and 10
days use of drugs.

Severe adverse effects (acute respiratory failure, respiratory failure,
septic shock, hypoxia, viral pneumonia) occurrence was less with
remdesivir use in comparison with placebo or SOC, but its use for 10
days showed increased severe adverse effects, grade > 3 adverse effect,
and drug discontinuation in comparison with 5 days use. Grade 3
adverse effects include decrease in creatinine clearance, ALT elevation,
AST elevation, and increased bilirubin. The overall adverse effect was
less with placebo but it was statistically insignificant. Alexander et al.
study also showed less severe adverse effect with remdesivir use with
fixed-effect modeling but this result appeared statistically insignificant
with random-effect modeling in their study [23].

Based on our meta-analysis, the need for mechanical ventilation and
respiratory support at day 14 was significantly less with remdesivir,
which was also supported with subgroup analysis among IMV and ECMO
receiving patients, whereas among NIMV and high-flow oxygen
receiving patients it was of no significance. Also, the 10 days course of
the drug showed the increased requirement of ECMO and IMV in
contrast to the 5 days drug course. Piscoya et al. study showed no sig-
nificant decrease in the requirement of invasive ventilation with
remdesivir (RR 0.57, 95% CI 0.23 to 1.42) [21].

In present meta-analysis, remdesivir showed a statistically signifi-
cant reduction in 14-day mortality, speedy clinical improvement/re-
covery leading to discharge, less requirement of the ventilator with a
lesser degree of severe adverse events compared with placebo or SOC.
Many other drugs were repurposed like remdesivir as candidate treat-
ment options for COVID-19. A study was done by Shrestha et al. on
favipiravir - another potential candidate drug that showed significant
results on clinical improvement at day 14 (RR 1.41, 95% CI 1.10 to 1.80)
[24]. Many other potential treatment options like corticosteroids,
convalescent plasma therapy, and hydroxy-chloroquine showed mixed
results in individual studies.

There is no uniformity in findings of the various randomized
controlled with conflicting outcomes in terms of clinical improvement
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following treatment with remdesivir. Although we have included four
RCTs, they have several limitations, and also, the presence of hetero-
geneity among studies. Also, non-uniform treatment options lead to
some difficulties comparing them. The biases among the included
studies in our meta-analysis were due to lack of complete follow-up,
early reporting, and additional use of several therapeutic agents as
supportive care. These all lead to some discrepancy in the study results
and uncertainty on findings regarding the result of remdesivir use.
Safety and efficacy of remdesivir in COVID-19 patients is still dubious.
Henceforth, we believe that these findings should be supported by un-
dergoing large scale double-blinded RCTs to increase the confidence of
remdesivir use in COVID-19.

6. Conclusion

The preliminary evidence shows patients receiving remdesivir had
lesser 14 days mortality, improved clinical recovery and discharge rates.
The clinical improvement and recovery were reported to be earlier in
patients receiving remdesivir. Shorter course is preferred over longer
because 10-day remdesivir showed more adverse outcome than 5-day
course with no significant benefits. However, the current evidences
are drawn from limited studies and mostly open-label studies with small
sample size impose some limitation. Despite early promise, further
ongoing large-scale trials results should be awaited to make a full
decision.
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