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Abstract
Remdesivir  (Veklury®), a nucleotide analogue prodrug with broad-spectrum antiviral activity, is approved for the treatment 
of coronavirus disease 2019 (COVID-19), the illness caused by severe acute respiratory syndrome coronavirus 2 infection. 
Unlike some antivirals, remdesivir has a low potential for drug-drug interactions. In the pivotal ACTT-1 trial in hospitalized 
patients with COVID-19, daily intravenous infusions of remdesivir significantly reduced time to recovery relative to placebo. 
Subsequent trials provided additional support for the efficacy of remdesivir in hospitalized patients with moderate or severe 
COVID-19, with a greater benefit seen in patients with minimal oxygen requirements at baseline. Clinical trials also dem-
onstrated the efficacy of remdesivir in other patient populations, including outpatients at high risk for progression to severe 
COVID-19, as well as hospitalized paediatric patients. In terms of mortality, results were equivocal. However, remdesivir 
appeared to have a small mortality benefit in hospitalized patients who were not already being ventilated at baseline. Rem-
desivir was generally well tolerated in clinical trials, but pharmacovigilance data found an increased risk of hepatic, renal 
and cardiovascular adverse drug reactions in the real-world setting. In conclusion, remdesivir represents a useful treatment 
option for patients with COVID-19, particularly those who require supplemental oxygen.

Plain Language Summary
Coronavirus disease 2019 (COVID-19) was first reported in China in 2019 and quickly spread around the world. The symp-
toms of COVID-19 can vary from person to person, with some people having no symptoms and others becoming very unwell. 
Most patients with COVID-19 can treat their symptoms at home, but some patients may be admitted to hospital and/or treated 
with specialized medications such as remdesivir  (Veklury®). Remdesivir is an antiviral medicine that can reduce the amount 
of virus that causes COVID-19. It is given once a day, usually for 5–10 days, as an intravenous infusion. Remdesivir has been 
shown to improve the recovery time in hospitalized patients with COVID-19, including children and adolescents. It may also 
reduce the risk of death in hospitalized patients who are not being ventilated before they start treatment. A 3-day course of 
remdesivir is also effective in patients whose age or underlying health puts them at high risk for becoming severely ill. The 
drug is generally well tolerated. Therefore, remdesivir is a useful treatment option for patients with COVID-19, especially 
those who require additional oxygen.

Digital Features for this Adis Drug Evaluation can be found at 
https:// doi. org/ 10. 6084/ m9. figsh are. 23304 182.

1 Introduction

Coronavirus disease 2019 (COVID-19), the illness caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, first appeared in China in December 2019 
as an unusual idiopathic pneumonia [1]. The global spread 
of COVID-19 was rapid, with the World Health Organiza-
tion (WHO) declaring it a global pandemic in March 2020 
[2, 3]. An urgent need to control the pandemic and ease 
the burden on healthcare systems, together with an ongoing 
improved understanding of the pathophysiology of COVID-
19, led to the rapid development and authorization of numer-
ous COVID-19 vaccines and novel therapeutics (some of 
which were repurposed) [4].
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Remdesivir: clinical considerations in COVID‑19 

Antiviral drug with low potential for drug-drug interac-
tions; administered via intravenous infusion

Improves time to recovery in hospitalized patients

May have a mortality benefit in hospitalized patients 
with minimal oxygen requirements

Reduces the risk of hospitalization or death in outpa-
tients at high risk for disease progression

Generally well tolerated

COVID-19 is a highly contagious respiratory illness 
that spreads mainly via exposure to airborne particles and 
droplets [2]. The symptoms of COVID-19 vary widely, but 
often include fever, cough, and breathing difficulties [2]. The 
spectrum of its clinical presentation ranges from asympto-
matic infection to severe life-threatening acute respiratory 
failure with multiple organ dysfunction [2, 3]. The risk of 
severe disease, hospitalization and death is higher in elderly 
patients, males, smokers, and those with certain underlying 
medical conditions [3]. Most patients with mild COVID-19 
can safely treat their symptoms at home [4]. However, some 
patients with COVID-19, particularly high-risk patients, 
require additional treatments such as immunomodulatory 
agents and antiviral drugs [2].

Remdesivir  (Veklury®) is a broad-spectrum antiviral drug 
with activity against viruses from several families, including 
coronaviruses [3, 5]. It was previously under development 
for the treatment of Ebola virus disease [3, 5]. Remdesivir is 
approved for the treatment of COVID-19 in multiple coun-
tries worldwide, including the USA [6] and those of the EU 
[7]. This article reviews the clinical efficacy and tolerability of 
remdesivir in this indication and summarizes its pharmacologi-
cal properties.

2  Pharmacodynamic Properties 
of Remdesivir

2.1  Mechanism of Action

Remdesivir is a prodrug of an adenosine nucleotide ana-
logue [6–8]. Upon distribution within host cells, remde-
sivir is metabolized by carboxyesterase 1 and/or cathep-
sin A to form a nucleoside monophosphate intermediate, 

which is then phosphorylated by cellular kinases to form 
GS-443902, a pharmacologically active nucleoside triphos-
phate metabolite (Sect. 3) [6]. Acting as an adenosine 
triphosphate (ATP) analogue, remdesivir triphosphate has 
favourable selectivity over the natural ATP substrate for 
incorporation into nascent viral RNA chains by the SARS-
CoV-2 RNA-dependent RNA polymerase (also known as 
Nsp12) [6–8]. RNA synthesis is subsequently inhibited 
when remdesivir triphosphate has been incorporated into 
the chain and is present in the viral RNA template [6–8]. 
Remdesivir residues embedded in the first RNA strand used 
as a template may also cause inhibition during synthesis of 
the second RNA strand (i.e. during transcription of viral 
genome synthesis), suggestive of a second mechanism of 
action [9].

2.2  Antiviral Activity

Remdesivir has broad-spectrum antiviral activity against 
Ebola virus, Nipah virus, respiratory syncytial virus 
(RSV) and a number of coronaviruses, including Middle 
East respiratory syndrome coronavirus and SARS-CoV-2 
[8]. In vitro, remdesivir demonstrated antiviral activity 
against SARS-CoV-2 infection of primary human airway 
epithelial cells, inhibiting SARS-CoV-2 replication with 
a half-maximal effective concentration  (EC50) of 9.9 nM 
after 48 h of drug exposure [6, 7]. Remdesivir also inhib-
ited SARS-CoV-2 replication in the continuous human 
lung epithelial cell lines Calu-3 and A549-hACE2, with 
 EC50 values of 280 nM after 72 h of exposure and 115 nM 
after 48 h of exposure, respectively. The antiviral activity 
of remdesivir was dose-dependently antagonized by chlo-
roquine phosphate when the two drugs were co-incubated 
at clinically relevant concentrations in RSV-infected cells. 
Higher concentrations of chloroquine phosphate led to 
higher remdesivir  EC50 values and reduced formation of 
remdesivir triphosphate. Therefore, coadministration of 
remdesivir and chloroquine phosphate or hydroxychloro-
quine sulphate is not recommended [6, 7].

The potency of remdesivir against current and emerg-
ing SARS-CoV-2 variants was similar to that against ear-
lier lineage isolates [6, 7]. In vitro, remdesivir had antiviral 
activity (< 2.5-fold change) against clinical isolates belong-
ing to the Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), 
Epsilon (B.1.429), Kappa (B.1.617.1), Lambda (C.37), Iota 
(B.1.526) and Zeta (P.2) variants. Remdesivir also had anti-
viral activity (< 0.6-fold change) against clinical isolates 
belonging to the Delta (B.1.617.2) and Omicron (B.1.1.529 
sublineages BA.1 and BA.2) variants of concern [6, 7]. A 
structural genomic analysis of Nsp12 substitutions dem-
onstrated that remdesivir retained potent in vitro antiviral 
activity against all recent Omicron subvariants (i.e. BA.2, 
BA.2.12.1, BA.4, BA.5 and BA.2.75) [10]. Mean remdesivir 



1217Remdesivir: A Review

 EC50 values ranged from 24.5 nM (BA.2) to 106.0 nM 
(BA.5), representing 0.15- to 0.66-fold changes versus the 
ancestral WA1 isolate [10].

In mice infected with chimeric SARS-CoV expressing 
the SARS-CoV-2 RNA-dependent RNA polymerase, treat-
ment with remdesivir significantly (p = 0.0012 vs vehicle) 
reduced lung viral load and significantly (p ≤ 0.004 vs vehi-
cle) improved pulmonary function [11]. Similarly, in rhe-
sus macaques infected with SARS-CoV-2, treatment with 
remdesivir was associated with significantly (p ≤ 0.0069 vs 
vehicle) less severe pulmonary infiltration and significantly 
(p ≤ 0.0004 vs vehicle) lower clinical scores [12]. Following 
euthanasia, remdesivir-treated macaques had significantly 
(p ≤ 0.0002 vs vehicle) reduced lung viral load and lung 
damage [12].

2.3  Resistance

Cell culture resistance selection data suggest that multi-
ple amino acid substitution pathways may be involved in 
conferring resistance to remdesivir [6, 7]. V166A, N198S, 
S759A, V921I, C799F and C799R amino acid substitu-
tions in the viral RNA-dependent RNA polymerase 
(Nsp12) were associated with 2.7- to 10.4-fold reductions 
in remdesivir susceptibility. When these mutations were 
individually introduced into a wild-type recombinant 
virus, 1.7- to 3.5-fold reduced susceptibility to remdesivir 
was observed. In vitro selection of remdesivir-resistant 
SARS-CoV-2 isolate containing the P323L substitution in 
the viral polymerase revealed the emergence of a single 
amino acid substitution at V166L [6, 7]. Recombinant 
SARS-CoV-2 viruses with substitutions at P323L alone 
[6, 7], V166L alone [13] or P323L + V166L [6, 7] exhib-
ited 1.3- to 1.5-fold increases in remdesivir susceptibility 
[6, 7, 13], indicating a high in vitro barrier to remdesivir 
resistance [13].

Two amino acid substitutions (F476L and V553L) in the 
viral RNA-dependent RNA polymerase conferred 5.6-fold 
reduced susceptibility to remdesivir in a murine hepatitis 
coronavirus model [6, 7]. When these substitutions were 
introduced into SARS-CoV, 6-fold reduced susceptibility to 
remdesivir was observed, with attenuation of SARS-CoV 
pathogenesis in a mouse model. When introduced into a 
SARS-CoV-2 recombinant virus, these substitutions were 
associated with 2-fold reductions in susceptibility to rem-
desivir [6, 7].

In outpatients with COVID-19 in the PINETREE trial 
(Sect. 4.3), emergent amino acid substitutions in Nsp12 
were observed in 7% of remdesivir recipients and 5% of 
placebo recipients [14]. Only one patient developed a rare 
Nsp12 substitution with diminished viral fitness that was 
associated with reduced in vitro susceptibility to remdesivir, 
indicating a high barrier to resistance [14]. In another study, 

no significant viral mutations were associated with remde-
sivir treatment failure in patients with severe COVID-19, 
except for the de novo E83D mutation, which emerged in an 
immunosuppressed patient after 18 days of treatment [15]. 
Real-world studies (Sect. 4.7) demonstrated very low lev-
els of remdesivir resistance that were stable over time [16]. 
Remdesivir resistance may be overcome by using increased 
non-toxic concentrations of remdesivir, RNA-dependent 
RNA polymerase compounds with increased affinity, or 
alternative therapeutic targets (e.g. 3C-like-protease/Mpro/
Nsp5 inhibitors) [16].

3  Pharmacokinetic Properties of Remdesivir

Following intravenous administration in healthy adults, rem-
desivir demonstrated linear, dose-proportional pharmacoki-
netics over the 3–225 mg dose range [17]. The pharmacoki-
netic parameters of the lyophilized and solution formulations 
of remdesivir were comparable. Following multiple doses of 
150 mg once daily for 7 or 14 days, the pharmacokinetic pro-
file of remdesivir was similar to that seen after single-dose 
administration [17]. In hospitalized patients with COVID-
19, the pharmacokinetics of remdesivir and its main metabo-
lite GS-441524 were best described by a one-compartment 
model [18].

Following intravenous administration of the adult dosage 
regimen of remdesivir in volunteers, plasma concentrations 
peaked at the end of infusion (regardless of dose level) and 
declined rapidly thereafter [7]. Peak plasma concentrations 
of GS-441524 were seen 1.5–2.0 h after the start of a 30-min 
infusion [6, 7]. Remdesivir is 88–94% bound to human 
plasma proteins, with a blood-to-plasma ratio of 0.68–1.0 [6, 
7]. GS-441524 and GS-704277 have human plasma protein 
binding rates of 2% and 1%, respectively [6].

Remdesivir undergoes extensive metabolism to form 
GS-443902, the pharmacologically active nucleoside ana-
logue triphosphate (Sect. 2.1) [7, 17]. Remdesivir initially 
undergoes hydrolysis by esterases, forming the intermedi-
ate metabolite GS-704277 [7, 17]. Carboxylesterase 1 and 
cathepsin A are responsible for 80% and 10% of remdesivir 
metabolism, respectively [6, 7], with CYP3A being respon-
sible for the remaining 10% [6]. Phosphoramidate cleavage 
of GS-704277 and further phosphorylation of the resultant 
nucleoside analogue monophosphate produces GS-443902 
[7, 17]. Dephosphorylation of all phosphorylated metabo-
lites can produce the nucleoside analogue GS-441524 [7, 
17].

GS-441524 is eliminated primarily via the kidneys (glo-
merular filtration and active tubular secretion) [6, 7]. Follow-
ing intravenous administration of a single 150 mg radiola-
beled dose of remdesivir, ≈ 74% of the dose was recovered 
in urine and 18% in the faeces [7]. Almost half of the dose 
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recovered in urine was GS-441524, with 10% recovered as 
remdesivir. The median terminal half-lives of remdesivir and 
GS-441524 were ≈ 1 h and ≈ 27 h, respectively [6, 7]. In 
population pharmacokinetic analyses of hospitalized patients 
with COVID-19, remdesivir was eliminated rapidly, while 
GS-441524 was eliminated relatively slowly [18, 19].

3.1  Special Populations

Sex and age had no effect on the pharmacokinetics of remde-
sivir and its metabolites (GS-704277 and GS-441524) [6, 7]. 
Pharmacokinetic parameters in paediatric patients were sim-
ilar to those in adults [6]. In paediatric patients in the CARA-
VAN trial (Sect. 4.4), pharmacokinetic results supported the 
use of a flat-dose regimen for patients weighing ≥ 40 kg 
and a weight-based regimen for those weighing between 3 
and < 40 kg [20]. Although age is an independent predic-
tor of GS-441524 exposure [21], with modest increases in 
GS-441524 exposure seen in patients aged ≥ 60 years [7], 
no dose adjustment is required in patients aged ≥ 65 years 
[6, 7]. In a prospective, open-label, phase IV opportunis-
tic study (IMPAACT 2032), remdesivir, GS-704277 and 
GS-441524 exposures were generally comparable between 
pregnant and non-pregnant women [22].

The pharmacokinetics of remdesivir and GS-441524 have 
not been evaluated in patients with hepatic impairment [6, 
7]. Kidney function and the timing of remdesivir administra-
tion around dialysis had no effect on the pharmacokinetics 
of remdesivir [6, 7]. The clearance of GS-441524 is depend-
ent on the estimated glomerular filtration rate (eGFR) [18, 
19, 21]. Although exposures of GS-441524 and GS-704277 
were increased in patients with renal impairment rela-
tive to those with normal renal function, this finding was 
not clinically significant [6, 7]. Based on pharmacoki-
netic analyses in healthy subjects with mild (eGFR 60–89  
mL/min/1.73  m2), moderate (eGFR 30–59 mL/min/1.73  m2) 
or severe (eGFR 15–29 mL/min/1.73  m2) renal impairment, 
or with kidney failure or end-stage renal disease (ESRD; 
eGFR <  15  mL/min/1.73   m2) [6, 7] and in COVID-19 
patients with severely impaired kidney function (eGFR 
< 30 mL/min/1.73  m2) in the REDPINE trial (Sect. 4.5) 
[23], no dose adjustment is required for patients with renal 
impairment, including those on dialysis [6, 7].

3.2  Potential Drug Interactions

No clinical drug–drug interaction studies have been per-
formed with remdesivir [6]. However, based on in vitro data, 
phase I trials in healthy volunteers, and pharmacokinetic 
modeling, remdesivir has a low potential for clinically rel-
evant drug–drug interactions [24]. Due to the rapid clear-
ance of the drug, no clinically relevant transporter-mediated 

drug-drug interactions are expected [25]. In vitro, remdesivir  
is a substrate for CYP3A4, OATP1B1 and P-glycoprotein 
transporters, and esterases in plasma and tissue [6, 7]. 
The metabolite GS-704277 is a substrate for OATP1B1 
and OATP1B3 [7]. In vitro, remdesivir is an inhibitor of 
CYP3A4, UGT1A1, MATE1, OAT3, OCT1, OATP1B1 and 
OATP1B3. Coadministration of remdesivir with sensitive 
substrates of these enzymes and/or transporters should be 
considered with caution. Due to its rapid clearance after 
intravenous administration, remdesivir is unlikely to have 
a clinically significant interaction with the CYP3A4 sub-
strate dexamethasone. Because remdesivir is an inducer 
of CYP1A2 and potentially CYP3A4 in vitro, CYP1A2 or 
CYP3A4 substrates with narrow therapeutic indices may be 
less effective if coadministered with remdesivir [7]. Consult 
local prescribing information for further details regarding 
potential drug interactions.

4  Therapeutic Efficacy of Remdesivir

The efficacy of remdesivir for the treatment of COVID-19 
was demonstrated in a large number of key clinical trials, 
including in hospitalized patients (Sect. 4.1), as combination 
therapy (Sect. 4.2), in outpatients at high risk for disease 
progression (Sect. 4.3), in paediatric patients (Sect. 4.4) and 
in renally impaired patients (Sect. 4.5). Compassionate use 
of remdesivir (Sect. 4.6) and the effectiveness of remdesivir 
in the real-world setting (Sect. 4.7) are also discussed.

4.1  In Hospitalized Patients

4.1.1  ACTT‑1

The pivotal, randomized, double-blind, multinational, 
phase  III ACTT-1 trial enrolled hospitalized adults 
(≥ 18 years of age) with COVID-19 [26]. All patients met 
one of the following criteria suggestive of lower respiratory 
tract infection: radiographic infiltrates by imaging study; 
peripheral oxygen saturation ≤ 94% on room air; or requir-
ing supplemental oxygen, mechanical ventilation, or extra-
corporeal membrane oxygenation (ECMO). At baseline, the 
mean age of patients was 59 years and 55% of patients had 
≥ 2 co-existing conditions. Patients were randomized 1:1 to 
receive remdesivir (n = 541) or placebo (n = 521). Rand-
omization was stratified by study site and disease severity at 
enrolment. Severe disease was defined as requiring mechani-
cal ventilation or supplemental oxygen, oxygen saturation 
≤ 94% on ambient air, or tachypnoea (i.e. respiratory rate 
of ≥ 24 breaths/min). Remdesivir was administered intra-
venously as a 200 mg loading dose on day 1, then 100 mg 
on days 2 through 10 or until hospital discharge or death. 
All patients received standard supportive care. The primary 
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endpoint was time to recovery, defined as the first day, dur-
ing the 28 days after enrolment, on which a patient met the 
criteria for category 1, 2 or 3 on an 8-point ordinal scale 
ranging from 1 (not hospitalized and no limitations of activi-
ties) to 8 (death) [26].

Remdesivir significantly reduced time to recovery relative 
to placebo in hospitalized adults with COVID-19 (Table 1) 
[26]. The median time to recovery was 10 days with remde-
sivir and 15 days with placebo; the overall rate ratio (RR) for 
recovery was 1.29 (95% CI 1.12–1.49). Among patients with 
severe disease (n = 957), the median time to recovery was 
11 days with remdesivir and 18 days with placebo (RR 1.31; 
95% CI 1.12–1.52). Among patients requiring supplemental 
(low-flow) oxygen at enrolment (i.e. baseline ordinal score 
of 5), the median time to recovery was 7 days with remde-
sivir and 9 days with placebo (RR 1.45; 95% CI 1.18–1.79). 
Among patients requiring mechanical ventilation or ECMO 
at enrolment (i.e. baseline ordinal score of 7), the median 
time to recovery was 29 days with remdesivir and 28 days 
with placebo (RR 0.98; 95% CI 0.70–1.36). After adjusting 
for baseline ordinal score, the RR for recovery was 1.26 
(95% CI 1.09–1.46). The RR for recovery was 1.37 (95% CI 

1.14–1.64) among patients who began treatment during the 
first 10 days of symptom onset, and 1.20 (95% CI 0.94–1.52) 
among patients who began treatment > 10 days after symp-
tom onset [26].

Remdesivir recipients were more likely than placebo 
recipients to have clinical improvement at day 15 (Table 1) 
[26]. Most secondary endpoints, including Kaplan-Meier 
estimates of mortality by day 15 and day 29, time to clini-
cal improvement, and median duration of hospitalization, 
also favoured remdesivir over placebo (Table 1). Among the 
subgroup of patients requiring low-flow oxygen (i.e. base-
line ordinal score of 5), remdesivir was associated with a 
70% reduction in mortality risk compared with placebo [4 
vs 13%; hazard ratio (HR) 0.30; 95% CI 0.14–0.64]. Rem-
desivir was also associated with fewer days of oxygen use 
among 913 patients receiving oxygen at baseline (median 13 
vs 21 days with placebo) and shorter duration of mechanical 
ventilation or ECMO among 285 patients receiving these 
interventions at baseline (median 17 vs 20 days vs placebo) 
[26]. Remdesivir did not significantly reduce the amount 
of detectable SARS-CoV-2 RNA in nasopharyngeal swabs 
compared with placebo [6].

Table 1  Efficacy of remdesivir in hospitalized patients with COVID-19 in the phase III ACTT-1 trial [26]

ECMO extracorporeal membrane oxygenation, HR hazard ratio, IMV invasive mechanical ventilation, ITT intention-to-treat, NEWS National 
Early Warning Score, NIV non-invasive ventilation, O2 oxygen, OR odds ratio, PL placebo, pt(s) patient(s), REM remdesivir, RR rate ratio
*p < 0.001 vs PL
a Intravenous infusion of 200 mg on day 1 and 100 mg on subsequent days
b Primary endpoint, defined as the first day, during the 28 days after enrolment, on which a pt met the criteria for category 1, 2 or 3 on an 8-point 
ordinal scale

Endpoints (ITT population) REMa 
(n = 541)

PL 
(n = 521)

RR/OR/HR 
(95% CI)

Median time to  recoveryb (days) 10* 15 RR 1.29 (1.12–1.49)
Clinical status at day 15 (% of pts) OR 1.5 (1.2–1.9)
 1: Not hospitalized and no limitations of activities 29 22
 2: Not hospitalized, with limitation of activities, home  O2 requirement or both 22 20
 3: Hospitalized, not requiring supplemental  O2 or ongoing medical care 3 2
 4: Hospitalized, not requiring supplemental  O2 but requiring ongoing medical care 7 6
 5: Hospitalized, requiring supplemental  O2 11 12
 6: Hospitalized, requiring NIV or high-flow  O2 5 5
 7: Hospitalized, receiving IMV or ECMO 18 23
 8: Death 6 11

Median time to clinical improvement (days)
 Improvement of 1 point on an 8-point ordinal scale 7 9 RR 1.23 (1.08–1.41)
 Improvement of 2 points on an 8-point ordinal scale 11 14 RR 1.29 (1.12–1.48)
 Discharge or NEWS ≤ 2 for 24 h 8 12 HR 1.27 (1.10–1.46)

Median duration of initial hospitalization (days) 12 17
Rehospitalization (% of pts) 5 3
Kaplan–Meier estimate of mortality (%)
 Day 15 7 12 HR 0.55 (0.36–0.83)
 Day 29 11 15 HR 0.73 (0.52–1.03)
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In a post hoc analysis (n = 1051), remdesivir signifi-
cantly reduced the risk of progression to invasive mechani-
cal ventilation (IMV) or death (HR 0.67; 95% CI 0.52–0.87; 
p = 0.0023) [27]. Similar results were seen in patients 
requiring supplemental oxygen at baseline (HR 0.45; 95% 
CI 0.29–0.71; p = 0003) and patients in the ‘high risk’ quar-
tile (HR 0.59; 95% CI 0.39–0.87; p = 0.009) [27]. In another 
secondary analysis (n = 1051), remdesivir reduced clinical 
deterioration (HR 0.73; 95% CI 0.59–0.91) and increased 
clinical improvement (HR 1.22; 95% CI 1.03–1.39) rela-
tive to baseline [28]. Similar reductions in the rate of clini-
cal deterioration were seen among patients receiving non-
intensive care unit (ICU) respiratory therapies (i.e. room 
air or low-flow oxygen; HR 0.74; 95% CI 0.57–0.94) and 
those receiving ICU respiratory therapies [i.e. mechanical 
ventilation, high-flow oxygen and non-invasive ventilation 
(NIV); HR 0.73; 95% CI 0.53–1.00] at baseline [28]. A 
small substudy of ACTT-1 (n = 19) did not identify any 
large differences between remdesivir and placebo in anti-
body or cytokine responses [29].

4.1.2  SIMPLE‑severe

The randomized, open-label, multinational, phase III SIM-
PLE-severe trial enrolled adults and adolescents ≥ 12 years 
of age hospitalized with severe COVID-19 [30]. They had 
confirmed SARS-CoV-2 infection, radiographic evidence of 
pulmonary infiltrates, and either oxygen saturation ≤ 94% on 
room air or receipt of supplemental oxygen. Patients were 
randomized 1:1 to receive intravenous remdesivir (200 mg 
on day 1 and 100 mg once daily on subsequent days) for 
either 5 days (n = 202) or 10 days (n = 200). All patients 
continued to receive supportive therapy throughout the trial. 
Baseline demographic characteristics were similar in both 
treatment groups; however, patients in the 10-day group 
had significantly (p = 0.02) worse clinical status at baseline 
than those in the 5-day group. Comorbid diagnoses included 
hypertension (50%), diabetes (23%), hyperlipidaemia (22%) 
and asthma (12%). The primary endpoint was clinical status 
on day 14, assessed on a 7-point ordinal scale ranging from 
1 (death) to 7 (not hospitalized) [30].

There was no significant difference in clinical status 
between a 5-day course and a 10-day course of remdesivir 
in hospitalized patients with severe COVID-19 [30]. After 
adjusting for imbalances in baseline clinical status, no sig-
nificant between-group difference was seen with respect to 
distribution of clinical status at day 14 (p = 0.14; Table 2). 
The proportions of patients achieving clinical improvement 
or recovery at various timepoints (from day 5 to day 14) are 
presented in Table 2. The median time to clinical improve-
ment was 10 days in the 5-day group and 11 days in the 

10-day group. Similar results were seen for median time to 
recovery (10 vs 11 days) and median time to modified recov-
ery (9 vs 10 days). The proportions of patients who died (8 
vs 11%) or were discharged from hospital (60 vs 52%) were 
numerically lower in the 5-day group than in the 10-day 
group. Among patients requiring mechanical ventilation or 
ECMO, the mortality rate was 40% in the 5-day group and 
17% in the 10-day group. In a post hoc analysis, treatment 
with remdesivir beyond 5 days did not improve outcomes 
in patients who were receiving NIV or high-flow oxygen, 
receiving low-flow oxygen, or breathing room air [30].

In comparative analyses of data from SIMPLE-severe 
and a real-world, retrospective, longitudinal cohort study 
(Sect. 4.7), remdesivir was associated with significantly 
higher recovery rates and lower mortality rates than standard 
of care (SOC) in patients with severe COVID-19 [31–33]. 
Inclusion criteria were similar in both studies [31]. An 
interim analysis was conducted in 312 patients in the rem-
desivir cohort and 818 patients in the SOC (non-remdesivir) 
cohort. The primary endpoint of this analysis was recovery 
on day 14, defined as improvement on a 7-point ordinal scale 
from a baseline score of 2–4 to a score of 5–7, from a base-
line score of 5 to a score of 6 or 7, or from a baseline score of 
6 to a score of 7. At day 14, the recovery rate was 74% with 
remdesivir versus 59% with SOC [adjusted odds ratio (OR) 
2.03; 95% CI 1.34–3.08; p < 0.001] [31]. Similar results 
were seen in the final analysis of 368 remdesivir recipi-
ents and 1399 SOC recipients (65 vs 57%; OR 1.49; 95% 
CI 1.16–1.90; p = 0.002) [32]. In a subsequent propensity 
score weighted analysis (n = 1974 patients in the remdesivir 
cohort and 1426 patients in the SOC cohort), remdesivir 
reduced the risk of mortality by 54% compared with SOC 
(13 vs 26%; HR 0.46; 95% CI 0.39–0.54; p < 0.001) [33]. 
Remdesivir was also associated with a significantly greater 
likelihood of hospital discharge by day 28, both overall (70 
vs 53% with SOC; HR 1.16; 95% CI 1.06–1.27; p = 0.001) 
and after 10 days of treatment (56 vs 40%; HR 1.64; 95% CI 
1.43–1.87; p < 0.001) [33].

4.1.3  CAP‑China Remdesivir 2

A randomized, double-blind, multicentre, phase III trial 
conducted in China enrolled patients aged ≥ 18 years who 
were hospitalized with severe COVID-19 [34]. All patients 
had confirmed SARS-CoV-2 infection, radiologically con-
firmed pneumonia, and either oxygen saturation of ≤ 94% 
on room air or a ratio of arterial oxygen partial pressure 
to fractional inspired oxygen of ≤ 300 mm Hg. They were 
randomized 2:1 to receive remdesivir (n = 158) or placebo 
(n = 79) for 10 days. Remdesivir was administered as a 
single intravenous infusion of 200 mg on day 1 and 100 mg 
on days 2–10. The primary endpoint was time to clinical 
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improvement up to day 28, defined as the time from ran-
domization to the point of a decline of two levels on a 
6-point ordinal scale of clinical status from 1 (discharged) 
to 6 (death) or discharged alive from hospital, whichever 
came first. The trial was terminated before attaining the 
prespecified sample size (n ≈ 453); subsequently, the sta-
tistical power was reduced from 80 to 58% [34].

A 10-day course of remdesivir was not associated with 
a significant clinical benefit in hospitalized adults with 
severe COVID-19 [34]. Time to clinical improvement was 
not significantly different between remdesivir and placebo 
(median 21 vs 23 days; HR 1.23; 95% CI 0.87–1.75). How-
ever, among patients with symptom duration of ≤ 10 days, 
patients treated with remdesivir had a numerically faster 
time to clinical improvement than those receiving placebo 
(median 18 vs 23 days; HR 1.52; 95% CI 0.95–2.43) [34].

4.1.4  SIMPLE‑moderate

The randomized, open-label, multinational, phase  III 
SIMPLE-moderate trial enrolled adults and adolescents 
≥ 12 years of age who were hospitalized with confirmed 
SARS-CoV-2 infection and moderate COVID-19 pneumonia 
(defined as radiographic evidence of pulmonary infiltrates 
and oxygen saturation > 94% on room air) [35]. Patients 
were randomized 1:1:1 to receive remdesivir for up to 5 days 
(n = 199), remdesivir for up to 10 days (n = 197) or SOC 
(n = 200). Patients in the remdesivir groups received rem-
desivir 200 mg on day 1 and 100 mg on subsequent days, 
as an intravenous infusion over 30–60 min. At baseline, the 
median age of patients was 57 years, and comorbid diag-
noses included cardiovascular disease (56%), hypertension 
(42%), diabetes (40%) and asthma (14%). The primary 

Table 2  Efficacy of remdesivir in hospitalized patients with moderate or severe COVID-19 in the phase III SIMPLE trials

Efficacy was assessed in randomized pts who received ≥ 1 dose of REM (or for the SOC group, had the day-1 visit)
BL baseline, ECMO extracorporeal membrane oxygenation, IMV invasive mechanical ventilation, NIV non-invasive ventilation, NR not reported, 
O2 oxygen, pts patients, REM remdesivir, SOC standard of care
a Intravenous infusion of 200 mg on day 1 and 100 mg on subsequent days
b Primary endpoint, measured on a 7-point ordinal scale
c Defined as improvement of ≥ 2 points from BL on a 7-point ordinal scale
d Defined as improvement from a BL score of 2–5 to a score of 6–7 [30, 35] or from a BL score of 6 to a score of 7 [35]

Endpoints SIMPLE-severe [30] SIMPLE-moderate [35]

5-day  REMa 
(n = 200)

10-day  REMa 
(n = 197)

5-day  REMa 
(n = 191)

10-day  REMa 
(n = 193)

SOC 
(n = 200)

Clinical status at day 11 [35] or 14 [30]b (% of pts)
 1: Death 8 11 0 1 2
 2: Hospitalized, requiring IMV or ECMO 8 17 0 1 2
 3: Hospitalized, requiring NIV or high-flow  O2 4 5 3 0 4
 4: Hospitalized, requiring low-flow supplemental  O2 10 7 4 6 6
 5: Hospitalized, not requiring supplemental  O2 but 

requiring ongoing medical care
6 7 20 23 23

 6: Hospitalized, not requiring supplemental  O2 or  
ongoing medical care

4 2 4 5 4

 7: Not hospitalized 60 52 70 65 60
Clinical  improvementc (% of pts)
 Day 5 16 15 32 37 33
 Day 7 36 27 56 48 47
 Day 11 58 49 70 65 61
 Day 14 64 54 76 77 68
 Day 28 NR NR 90 90 83

Recoveryd (% of pts)
 Day 5 16 14 35 38 36
 Day 7 36 26 60 49 51
 Day 11 58 49 74 68 64
 Day 14 64 54 80 79 73
 Day 28 NR NR 92 92 85
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endpoint was clinical status on day 11, as measured on a 
7-point ordinal scale ranging from 1 (death) to 7 (not hos-
pitalized) [35].

Hospitalized patients with moderate COVID-19 receiving 
a 5-day course of remdesivir were significantly more likely 
to have a better clinical status on day 11 than those receiving 
SOC (OR 1.65; 95% CI 1.09–2.48; p = 0.02); the difference 
between patients receiving a 10-day course of remdesivir 
and those receiving SOC was not statistically significant 
(p = 0.18; Table 2) [35]. Similar results were seen in post 
hoc sensitivity analyses of the primary endpoint adjusting 
for day 1 clinical status score, symptom duration, imputing 
patients with missing status as dead, and using the intention-
to-treat population. The proportions of patients achieving 
clinical improvement or recovery at various timepoints (from 
day 5 to day 28) are presented in Table 2. No significant dif-
ferences were seen between the 5-day or 10-day remdesivir 
groups and SOC for time to clinical improvement, time to 
recovery, time to modified recovery, time to discontinuation 
of oxygen support (all prespecified exploratory endpoints), 
duration of oxygen therapy, duration of hospitalization, and 
all-cause mortality at day 28 [35].

4.1.5  WHO SOLIDARITY Programme

The randomized, open-label, multinational WHO SOLI-
DARITY trial enrolled adults (≥ 18 years of age) hospital-
ized with COVID-19 [36]. Under the initial study protocol, 
patients were randomized to receive no trial drug or one of 
four trial drug regimens: intravenous remdesivir (200 mg 
on day 0, then 100 mg on days 1–9), oral lopinavir/ritona-
vir (400/100 mg twice daily for 14 days), interferon-β-1a 
(3 doses of 44 μg subcutaneously over 6 days or 10 μg intra-
venously once daily for 6 days) or oral hydroxychloroquine 
(800 mg at 0 h, 800 mg at 6 h and, starting at 12 h, 400 mg 
twice daily for 10 days). All patients received SOC. The 
lopinavir/ritonavir, interferon-β-1a and hydroxychloroquine 
regimens were subsequently discontinued for futility. The 
primary endpoint was in-hospital mortality [36].

Remdesivir, lopinavir/ritonavir, interferon-β-1a and 
hydroxychloroquine had little or no effect on mortality 
in hospitalized patients with COVID-19 [36]. An interim 
analysis (n  =  11,330) reported a total of 1253  deaths 
(median day of death, day  8). Overall, Kaplan-Meier 
28-day mortality was 12% (39% in patients who were 
already ventilated at baseline and 10% otherwise). For 
each pairwise comparison of a trial drug and its control 
(i.e. SOC alone), mortality rates were 11 vs 11% for rem-
desivir (RR 0.95; 95% CI 0.81–1.11), 11 vs 11% for lopi-
navir/ritonavir (RR 1.00; 95% CI 0.79–1.25), 12 vs 11% 
for interferon-β-1a (RR 1.16; 95% CI 0.96–1.39) and 11 vs 
9% for hydroxychloroquine (RR 1.19; 95% CI 0.89–1.59). 
None of the trial drugs had any definite effect on mortality, 

and none reduced initiation of ventilation or duration of 
hospitalization [36].

Final results of WHO SOLIDARITY (n = 14,304) dem-
onstrated that remdesivir may protect against death or pro-
gression to ventilation in hospitalized patients with COVID-
19 who are not already being ventilated at baseline [37]. A 
total of 8275 patients were randomized to either remdesivir 
(n = 4146) or its control (n = 4129). The overall mortal-
ity rate was 15% with remdesivir plus SOC and 16% with 
SOC alone (RR 0.91; 95% CI 0.82–1.02). Among patients 
who were already ventilated, the mortality rate was 42% 
with remdesivir plus SOC and 39% with SOC alone (RR 
1.13; 95% CI 0.89–1.42). Of those not ventilated but on oxy-
gen, 15% of remdesivir plus SOC recipients died compared 
with 16% of SOC recipients (RR 0.87; 95% CI 0.76–0.99; 
p = 0.03). Among other hospitalized patients, significantly 
fewer remdesivir plus SOC than SOC recipients died (12 vs 
14%; RR 0.86; 95% CI 0.76–0.98; p = 0.02) and progressed 
to ventilation (14 vs 16%; RR 0.88; 95% CI 0.77–1.00; 
p = 0.04). The composite endpoint of death or progression 
to ventilation occurred in 20% of patients receiving remdesi-
vir plus SOC versus 23% of those receiving SOC alone (RR 
0.84; 95% CI 0.75–0.93; p = 0.001) [37].

4.1.5.1 DisCoVeRy The randomized, open-label, multina-
tional, phase III DisCoVeRy trial, a European substudy of 
WHO SOLIDARITY, enrolled adults (≥ 18 years of age) 
hospitalized with COVID-19 who were in need of oxygen 
or ventilator support [38, 39]. All patients had confirmed 
SARS-CoV-2 infection and presented with at least one 
of the following: evidence of rales or crackles on clinical 
examination and oxygen saturation of ≤ 94% on room air; 
or requirement of supplemental oxygen, high-flow oxygen, 
NIV or mechanical ventilation. Patients were randomized 
1:1 to receive remdesivir plus SOC (n = 420) or SOC alone 
(n = 423). Randomization was stratified by disease sever-
ity and European administrative region. Remdesivir was 
administered as an intravenous infusion of 200 mg on day 1, 
then 100  mg daily for 10  days. At baseline, the median  
age of patients was 64  years, and the most common co-
existing conditions were obesity (34%), chronic cardiac dis-
ease (28%) and diabetes (27%). The primary endpoint was 
clinical status at day 15, as measured on a 7-point ordinal 
scale from 1 (not hospitalized, no limitation on activities) to 
7 (death) [38, 39].

Remdesivir plus SOC had no clinical benefit in hospital-
ized patients with COVID-19 who required oxygen support 
[38]. There was no significant difference between remde-
sivir plus SOC and SOC alone in the distribution of the 
7-point ordinal scale at day 15 (OR 1.02; 95% CI 0.62–1.70) 
or at day 29 (OR 1.11; 95% CI 0.87–1.43). No significant 
between-group differences were observed for any other sec-
ondary endpoints, including time to clinical improvement, 
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change from baseline in National Early Warning Score 
(NEWS)-2, time to hospital discharge, duration of hospi-
talization, time to new mechanical ventilation, ECMO or 
death, and in-hospital mortality [38]. However, remdesivir 
demonstrated modest antiviral activity, reducing viral pro-
duction 2-fold and time to viral clearance by 0.7 days com-
pared with SOC [40]. Among patients with a high viral load 
(≥ 3.5  log10 copies/104 cells) at baseline, remdesivir reduced 
viral production 5-fold and reduced time to viral clearance 
by 2.4 days versus SOC [40].

4.1.5.2 CATCO The randomized, open-label, multicen-
tre, phase III CATCO trial, a Canadian substudy of WHO 
SOLIDARITY, enrolled adults (≥ 18 years of age) hospi-
talized with COVID-19 [41]. All patients had confirmed 
SARS-CoV-2 infection. They were randomized to receive 
intravenous remdesivir (200 mg on day 0 then 100 mg on 
days  1–9) plus SOC (n  =  634) or SOC alone (n  =  648). 
At baseline, 55% of patients were on low-flow oxygen and 
21% were in the ICU. In addition to the primary endpoint 
of WHO SOLIDARITY (in-hospital mortality), additional 
prespecified endpoints for CATCO included oxygen-free 
and ventilator-free days at day 28, and clinical severity of 
illness, as assessed on the WHO ordinal scale from 0 (no 
illness) to 10 (death) [41].

Remdesivir plus SOC reduced the need for mechanical 
ventilation in hospitalized patients with COVID-19 [41]. At 
day 28, mean oxygen-free and ventilator-free days were 15.9 
and 21.4 with remdesivir plus SOC versus 14.2 and 19.5 
with SOC alone. Patients receiving remdesivir plus SOC had 
a 17% lower risk of death than patients receiving SOC alone 
(19 vs 23%; relative risk 0.83; 95% CI 0.67–1.03). Similar 
results were seen for 60-day mortality (25 vs 28%; relative 
risk 0.88; 95% CI 0.72–1.07). The proportion of patients 
requiring new mechanical ventilation was 8% in the remde-
sivir plus SOC group and 15% with SOC alone (relative risk 
0.53; 95% CI 0.38–0.75). Duration of hospitalization was 
not significantly different between treatment groups [41].

4.1.5.3 NOR‑SOLIDARITY The randomized, multicentre, 
phase  II/III NOR-SOLIDARITY trial, a Norwegian sub-
study of WHO SOLIDARITY, enrolled adults (≥ 18 years 
of age) hospitalized with COVID-19 [42]. All patients had 
confirmed SARS-CoV-2 infection. Of the 181 randomized 
patients, 87 were assigned to receive SOC and 94 to receive 
either remdesivir (n = 42) or hydroxychloroquine (n = 52), 
with an SOC group matched to each treatment group. Rem-
desivir was administered as an intravenous infusion of 
200 mg on day 1, then 100 mg daily up to 9 days. Hydroxy-
chloroquine was administered orally, 800 mg twice daily on 
day 1, then 400 mg twice daily up to 9 days. The mean age 
at baseline was 60 years, and the most common comorbid 
conditions were ever smoking (39%), hypertension (31%) 

and obesity (27%). In addition to the primary endpoint of 
WHO SOLIDARITY (in-hospital mortality), study-specific 
endpoints for NOR-SOLIDARITY included viral clearance, 
as assessed by SARS-CoV-2 polymerase chain reaction in 
oropharyngeal specimens, and respiratory failure, assessed 
by the ratio of arterial oxygen partial pressure to fractional 
inspired oxygen  (PaO2/FiO2 ratio) and inflammatory vari-
ables [42].

Remdesivir and hydroxychloroquine had no antiviral 
activity in hospitalized patients with COVID-19 [42]. Dur-
ing the first week of treatment, remdesivir, hydroxychloro-
quine and SOC were associated with similar reductions in 
SARS-CoV-2 oropharyngeal viral load and similar increases 
in  PaO2/FiO2 ratio. Remdesivir and hydroxychloroquine had 
no marked or consistent effect on inflammatory variables 
(e.g. C-reactive protein, ferritin, lactate dehydrogenase, pro-
calcitonin). There were no significant differences between 
treatment groups in terms of in-hospital mortality, rate 
of ICU admission, use of mechanical ventilation, time to 
receipt of mechanical ventilation, duration of ICU stay, and 
duration of mechanical ventilation [42].

4.2  As Combination Therapy

4.2.1  ACTT Trials

The randomized, double-blind, multinational, phase  III 
ACTT-2 and ACTT-3 trials enrolled hospitalized adults 
(≥ 18 years of age) with COVID-19 [43, 44]. All patients 
met one of the following criteria suggestive of lower res-
piratory tract infection: radiographic infiltrates by imaging 
study; peripheral oxygen saturation ≤ 94% on room air;  
or requiring supplemental oxygen, mechanical ventilation 
or ECMO. Across both trials, the mean age of patients 
was 55–58 years and 57–68% of patients had ≥ 2 co- 
existing conditions [43, 44]. Patients were randomized 1:1 
to receive remdesivir plus baricitinib (n = 515) or remdesi-
vir plus placebo (n = 518) in ACTT-2 [43] and remdesivir 
plus interferon-β-1a (n = 487) or remdesivir plus placebo 
(n = 482) in ACTT-3 [44].

Randomization was stratified by study site and disease 
severity at enrolment [43, 44]. Remdesivir was adminis-
tered intravenously as a 200 mg loading dose on day 1, then 
100 mg for up to 9 days [44] or on days 2 through 10 or 
until hospital discharge or death [43]. In ACTT-2, barici-
tinib 4 mg/day (2 mg/day in patients with an estimated glo-
merular filtration rate of < 60 mL/min) was administered 
either orally or through a nasogastric tube for 14 days or 
until hospital discharge [43]. In ACTT-3, up to four doses 
of interferon-β-1a 44 μg were administered subcutaneously 
every other day [44]. All patients received standard sup-
portive care [43, 44]. The primary endpoint of both trials 
was time to recovery, defined as the first day, during the 
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28 days after enrolment, on which a patient met the criteria 
for category 1, 2 or 3 on an 8-point ordinal scale ranging 
from 1 (not hospitalized and no limitations of activities) to 
8 (death) [43, 44].

4.2.1.1 ACTT‑2 Combination therapy with remdesivir plus 
baricitinib was superior to remdesivir alone in hospitalized 
adults with COVID-19 [43]. Patients receiving remdesivir 
plus baricitinib recovered significantly faster than those 
receiving remdesivir plus placebo (median 7 vs 8 days; RR 
1.16; 95% CI 1.01–1.32; p = 0.03). Among patients requir-
ing NIV or high-flow oxygen at enrolment (i.e. baseline 
ordinal score of 6), the median time to recovery was 10 days 
with remdesivir plus baricitinib and 18 days with remdesivir 
plus placebo (RR 1.51; 95% CI 1.10–2.08). Among patients 
requiring supplemental oxygen at enrolment (i.e. baseline 
ordinal score of 5), the RR for recovery was 1.17 (95% CI 
0.98–1.39). Among patients receiving mechanical ventila-
tion or ECMO at enrolment (i.e. baseline ordinal score of 
7), the RR for recovery was 1.08 (95% CI 0.59–1.97) [43].

The odds of clinical improvement at day 15 were greater 
with remdesivir plus baricitinib than with remdesivir plus 
placebo (OR 1.3; 95% CI 1.0–1.6) [43]. Most secondary 
endpoints also favoured combination therapy, including 
Kaplan-Meier estimates of mortality by day 28 (5 vs 8% 
with remdesivir plus placebo; HR 0.65; 95% CI 0.39–1.09), 
median time to clinical improvement (6 vs 8 days; RR 
1.21; 95% CI 1.06–1.39) and median time to discharge or a 
NEWS score of ≤ 2 for 24 h (6 vs 7 days; RR 1.24; 95% CI 
1.07–1.44). The proportion of patients requiring new use 
of oxygen was 23% with remdesivir plus baricitinib versus 
40% with remdesivir plus placebo; similar results were seen 
for the proportions of patients requiring new use of NIV or 
high-flow oxygen (20 vs 24%) and mechanical ventilation 
or ECMO (10 vs 15%). Combination therapy was associated 
with shorter duration of mechanical ventilation or ECMO 
(median 16 vs 27 days with remdesivir plus placebo). The 
incidence of progression to death or IMV was 12% with 
remdesivir plus baricitinib versus 17% with remdesivir plus 
placebo (RR 0.69; 95% CI 0.50–0.95) [43].

4.2.1.2 ACTT‑3 Combination therapy with remdesivir plus 
interferon-β-1a was not superior to remdesivir alone in hos-
pitalized adults with COVID-19 [44]. Patients in both treat-
ment groups had a median time to recovery of 5 days (RR 
0.99; 95% CI 0.87–1.13). Among patients requiring NIV or 
high-flow oxygen at enrolment (i.e. baseline ordinal score of 
6), the RR for recovery was 0.40 (95% CI 0.22–0.75). The 
Kaplan-Meier estimates of mortality at 14 days (2 vs 2%; 
HR 0.73; 95% CI 0.30–1.83) and 28 days (5 vs 3%; HR 1.33; 
95% CI 0.69–2.55) were not significantly different between 
treatment groups. There were also no significant between-
group differences in other secondary endpoints, including 

the odds of clinical improvement at day 14 (OR 1.01; 95% 
CI 0.79–1.28), time to clinical improvement, and duration 
of hospitalization [44].

4.2.2  Other Trials

The randomized, double-blind, multinational, phase  III 
REMDACTA trial enrolled hospitalized adults and adoles-
cents ≥ 12 years of age with severe COVID-19 [45]. All 
patients had a positive SARS-CoV-2 test result, radiographi-
cally confirmed pneumonia, and hypoxaemia requiring sup-
plemental oxygen. They were randomized 2:1 to receive 
remdesivir plus tocilizumab 8 mg/kg (n = 434) or remde-
sivir plus placebo (n = 215). Systemic corticosteroids were 
permitted (88%). The addition of tocilizumab to remdesivir 
did not shorten time to hospital discharge in patients with 
severe COVID-19 pneumonia. The median time from ran-
domization to hospital discharge or ‘ready for discharge’ 
(primary endpoint) was 14 days with remdesivir plus tocili-
zumab and 14 days with remdesivir plus placebo (HR 0.97; 
95% CI 0.78–1.19). At day 28, the proportion of patients 
discharged or ‘ready for discharge’ was 66% in the remde-
sivir plus tocilizumab group and 67% in the remdesivir plus 
placebo group [45].

A randomized, multicentre, phase  III trial enrolled 
patients with severe COVID-19 who required ICU admis-
sion [46]. Patients aged 18–85 years were randomized 1:1  
to receive remdesivir (5 mg/kg or 200 mg on day 1 then 2.5  
mg/kg or 100 mg daily) plus tocilizumab 8 mg/kg (n = 104) 
or dexamethasone 6 mg/day (n = 104). All patients received 
a broad-spectrum antibacterial and other essential treat-
ments. Remdesivir plus tocilizumab was more effective 
than dexamethasone for the treatment of severe COVID-19. 
The recovery rate was 74% with remdesivir plus tocilizumab 
and 69% with dexamethasone; corresponding mortality rates 
were 26% and 31%. Remdesivir plus tocilizumab was associ-
ated with significant (p ≤ 0.05) reductions in time to clinical 
improvement (9 vs 14 days), NEWS-2 score at discharge 
(0.89 vs 1.2), lung recovery on chest CT at discharge (22 vs 
12%), duration of ICU stay (8 vs 11 days) and duration of 
hospitalization (10 vs 15 days) compared with dexametha-
sone. However, a Kaplan–Meier analysis demonstrated no 
significant difference in survival between treatment groups 
[46].

4.3  In Outpatients at High Risk for Disease 
Progression

The randomized, double-blind, multinational, phase  III 
PINETREE trial enrolled non-hospitalized adults and ado-
lescents ≥ 12 years of age with COVID-19 at high risk 
for disease progression [47]. All patients had a confirmed 
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SARS-CoV-2 infection and ≥ 1 pre-existing risk factor for 
progression to severe COVID-19 (e.g. hypertension, car-
diovascular or cerebrovascular disease, diabetes, obesity, 
immune compromise, CKD, chronic liver disease, current 
cancer, or sickle cell disease) or were ≥ 60 years of age. 
Patients were randomized 1:1 to receive intravenous rem-
desivir (200 mg on day 1 and 100 mg on days 2 and 3; 
n = 279) or placebo (n = 283). Randomization was strati-
fied by residence in a skilled nursing facility (yes or no), 
age (< 60 or ≥ 60 years) and country (USA or outside the 
USA). At baseline, the mean age of patients was 50 years, 
and the most common co-existing conditions were diabetes 
(62%), obesity (55%) and hypertension (48%). Some patients 
received at least one infusion at home (17%) or in a skilled 
nursing facility (3%). The primary endpoint was a composite 
of hospitalization related to COVID-19 or death from any 
cause at day 28. The trial was terminated for administra-
tive reasons prior to enrolment of the expected sample size 
(n ≈ 1264); however, double-blinding was maintained until 
the data were finalized [47].

Remdesivir significantly reduced the risk of hospitaliza-
tion or death in outpatients at high risk of disease progres-
sion [47]. The risk of COVID-19-related hospitalization 
or death from any cause by day 28 was 87% lower with 
remdesivir than with placebo (Table 3). Remdesivir also 
reduced the risk of COVID-19-related medically attended 
visits or death from any cause, as well as the risk of hospi-
talization for any cause (Table 3). No patients had died by 
day 28. Numerically more remdesivir than placebo recipi-
ents reported alleviation of COVID-19 symptoms by day 14 
(Table 3). The time-weighted average change in detectable 
nasopharyngeal SARS-CoV-2 viral load from baseline to 

day 7 was not significantly different between the remdesivir 
and placebo groups (–1.24 vs –1.14  log10 copies/mL) [47]. 
In subgroup analyses, remdesivir significantly (p < 0.001) 
reduced the risk of COVID-19 hospitalization independent 
of stratification by time from symptom onset to infusion and 
by number of baseline risk factors for severe disease (includ-
ing age ≥ 60 years, obesity and certain coexisting medical 
conditions) [48].

4.4  In Paediatric Patients

The single-arm, open-label, multinational, phase II/III CAR-
AVAN trial enrolled hospitalized paediatric patients with 
COVID-19 [20, 49]. Patients aged 28 days to < 18 years 
and weighing ≥ 3 kg (i.e. cohorts 1–4 and 8) were included 
in an interim analysis (n = 53). All patients had a positive 
SARS-CoV-2 test result and were not receiving other antivi-
rals. Remdesivir was administered as an intravenous loading 
dose of 200 mg or 5 mg/kg on day 1, then 100 mg or 2.5  
mg/kg daily for up to 10 days. At baseline, the mean age of 
patients was 8 years and the median body weight was 25 kg. 
Comorbid diagnoses included obesity (37%), asthma (21%) 
and cardiac disorders (21%). The primary objectives were 
to evaluate safety and tolerability (Sect. 5.3) and pharma-
cokinetics (Sect. 3); efficacy was assessed as a secondary 
objective [20, 49].

Remdesivir was associated with clinical improvement in 
a high proportion of hospitalized paediatric patients with 
COVID-19 [20, 49]. Clinical improvement, defined as a 
≥ 2-point increase from baseline on a 7-point ordinal scale 
from 1 (death) to 7 (discharged), was seen in 75% of patients 
at day 10 and in 85% of patients at their last assessment. 

Table 3  Efficacy of remdesivir in outpatients at high risk of progression to severe COVID-19 in the phase III PINETREE trial [47]

HR hazard ratio, PL placebo, pts patients, REM remdesivir, RR rate ratio
*p = 0.008 vs PL
a Intravenous infusion of 200 mg on day 1 and 100 mg on days 2 and 3
b Primary endpoint
c Mild or absent symptoms on the Influenza Patient-Reported Outcome (FLU-PRO) Plus questionnaire, adapted for pts with COVID-19

Endpoints REMa (n = 279) PL (n = 283) HR/RR (95% CI)

COVID-19-related hospitalization or death from any cause (% of pts)
 Day  28b 1* 5 HR 0.13 (0.03–0.59)
 Day 14 1 5 HR 0.13 (0.03–0.59)

COVID-19-related medically attended visit or death from any cause (% of pts)
 Day 14 1 8 HR 0.10 (0.02–0.43)
 Day 28 2 8 HR 0.19 (0.07–0.56)

Hospitalization for any cause by day 28 (% of pts) 2 6 HR 0.28 (0.10–0.75)
Death from any cause by day 28 (% of pts) 0 0
Alleviation of COVID-19  symptomsc by day 14 (% of pts)
 Questionnaire completed before infusion on day 1 35 25 RR 1.41 (0.73–2.69)
 Questionnaire completed on day 1, either before or after infusion 36 20 RR 1.92 (1.26–2.94)
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Most (83%) patients were discharged alive by day 30. The 
median duration of hospitalization was 7 days. Only 8% of 
patients who were invasively ventilated at baseline required 
supplemental oxygen at the last available assessment [20, 
49].

4.5  In Renally Impaired Patients

The randomized, double-blind, multinational, phase  III 
REDPINE trial enrolled adults and adolescents ≥ 12 years of 
age with moderately and severely reduced kidney function 
who were hospitalized with severe COVID-19 pneumonia  
[50]. All patients had confirmed SARS-CoV-2 infection 
and oxygen saturation ≤  94% on room air or required 
oxygen supplementation. They also had an eGFR of < 30 
mL/min/1.73  m2 due to chronic kidney disease (CKD) or 
acute kidney injury (AKI). Kidney transplant recipients with 
reduced allograft function were eligible. Patients were ran-
domized 2:1 to receive intravenous remdesivir 200 mg on 
day 1 followed by 100 mg once daily on days 2–5 (n = 163) 
or placebo (n = 80), in addition to SOC. Randomization was 
stratified by chronic dialysis requirement, high-flow oxygen 
requirement and region (USA or outside the USA). The 
mean age of patients at baseline was 69 years; no patients 
aged 12–17 years were enrolled. Overall, 26% of patients 
had CKD, 37% had AKI and 37% had ESRD requiring 
chronic dialysis. The primary endpoint was a composite of 
all-cause mortality or IMV through day 29. Enrolment was 
terminated after 249 patients were randomized due to chal-
lenges with recruitment [50].

Remdesivir plus SOC did not reduce the risk of mortal-
ity in patients with moderately and severely reduced kid-
ney function who were hospitalized with severe COVID-19 
pneumonia [50]. The Kaplan-Meier estimate of all-cause 
mortality or IMV by day 29 was not significantly different 
between remdesivir and placebo (30 vs 34%; HR 0.82; 95% 
CI 0.50–1.32). Similar results were seen for all-cause mor-
tality by day 29 (25 vs 29%; HR 0.83; 95% CI 0.50–1.39). 
There were no significant between-group differences for the 
primary endpoint by kidney disease status (i.e. CKD, AKI 
or ESRD). However, the trial was underpowered for efficacy 
due to insufficient enrolment [50].

4.6  Compassionate Use

Remdesivir was provided on a compassionate-use basis to 
several cohorts of patients hospitalized with severe COVID-
19, including adults, pregnant and postpartum women, and 
paediatric patients [51–54]. All patients had confirmed 
SARS-CoV-2 infection and were receiving oxygen support 

or had an oxygen saturation of ≤ 94% while breathing room 
air. They received intravenous remdesivir for up to 10 days. 
Adults and paediatric patients weighing ≥ 40 kg received 
200 mg on day 1, then 100 mg daily on each subsequent day 
[51–54], while paediatric patients weighing < 40 kg received 
5 mg/kg on day 1, then 2.5 mg/kg on each subsequent day 
[52]. Overall, more than half of patients were receiving oxy-
gen support, mechanical ventilation or ECMO at baseline 
[51–54]. Endpoints included clinical improvement, defined 
as live discharge from hospital and/or a ≥ 2-point improve-
ment from baseline on a modified ordinal scale from 1 (not 
hospitalized) to 6 (death) [51–54], and clinical recovery, 
defined as hospital discharge for patients on room air and 
improvement to room air or discharge for all others [51, 52].

In a multinational cohort of 53 patients aged 23–82 years, 
the rate of clinical improvement was 68% after a median 
follow-up of 18 days [53]. The discharge rate was 47% and 
the mortality rate was 13% [53]. In another multinational 
cohort of 163 patients aged 23–86 years, the rate of clinical 
improvement was 47% after a median follow-up of 15 days 
[54]. The median time to clinical improvement was 24 days. 
A ≥ 2-point clinical improvement was achieved by 41% of 
patients and 30% of patients were discharged from hospital. 
The overall mortality rate was 20% [54].

Among pregnant women (n = 67) and postpartum women 
(i.e. those who gave birth prior to receiving their first dose of 
remdesivir; n = 19), rates of clinical improvement at day 28 
were 96% and 89%, respectively [51]. For pregnant women, 
the clinical recovery rate was 93% and the discharge rate 
was 90%; for postpartum women, the respective rates were 
89% and 84% [51].

In a cohort of 77 paediatric patients aged 0–17 years, 
the rate of clinical improvement at day 28 was 88% [52]. 
Clinical recovery was observed in 80% of patients requiring 
invasive ventilation at baseline and in 87% of patients not 
requiring invasive oxygen support [52].

4.7  Real‑World Effectiveness

Extensive real-world experience has demonstrated the 
effectiveness of remdesivir for the treatment of COVID-
19 [55–106]. For example, in the largest of these studies 
(n ≈ 15,000–250,000 remdesivir-treated patients), all of 
which were conducted in the USA, remdesivir reduced mor-
tality [55–59, 61, 64], increased the likelihood of clinical 
improvement [64] and/or reduced the likelihood of read-
mission [60, 62, 63] in hospitalized adults with COVID-19.

A large retrospective cohort study analysed data from the 
PINC AI Healthcare Database (formerly Premier Health-
care Database) of hospitalized patients receiving remdesivir 
for the treatment of COVID-19 [55–60]. In one analysis, 
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164,791 patients who initiated remdesivir in the first 2 days 
of hospitalization were matched to 48,473 patients not 
receiving remdesivir [55]. Between December 2020 and 
April 2022, remdesivir significantly reduced mortality at 
14 and 28 days, regardless of baseline oxygen requirements 
(all p < 0.0001). The 28-day mortality benefit of remdesivir 
was most prominent in patients receiving no supplemental 
oxygen (HR 0.81; 95% CI 0.74–0.89), low-flow oxygen (HR 
0.79; 95% CI 0.73–0.85) or IMV/ECMO (HR 0.74; 95% CI 
0.67–0.82) at baseline. Similar results were seen across all 
variant time periods of the pandemic (i.e. pre-Delta, Delta 
and Omicron) [55]. Remdesivir also significantly reduced 
28-day mortality in patients receiving high-flow oxygen/ 
NIV at baseline, both overall (HR 0.88; 95% CI 0.82–0.93; 
p < 0.0001) and across all variant time periods (p < 0.05) 
[57]. In subgroups of immunocompromised patients [56, 
58] and patients with cancer [59], remdesivir was asso-
ciated with a significantly lower risk of mortality overall 
(p < 0.0001) and across all variant time periods (p ≤ 0.05).

In an analysis of readmission data from the PINC AI 
Healthcare Database, 248,785 patients receiving remdesi-
vir were matched to 191,816 patients not receiving remde-
sivir [60]. Remdesivir significantly (p < 0.0001) reduced 
the likelihood of 30-day readmission overall (OR 0.73; 95% 
CI 0.72–0.75) and across all variant time periods. Remde-
sivir was associated with significantly lower odds of 30-day 
readmission for all oxygen levels except for patients on  
IMV/ECMO [60].

A cohort study using health insurance claims data from the 
HealthVerity system was conducted in 24,856 remdesivir- 
exposed patients and 24,856 propensity score-matched con-
trols [61]. The 28-day mortality rate was 0.5 per person-
month in the remdesivir group and 0.6 per person-month in 
the control group. Remdesivir was associated with a statisti-
cally significant 17% lower risk of inpatient mortality (HR 
0.83; 95% CI 0.79–0.87) [61]. In subgroups of immunocom-
promised patients [62] and patients admitted to the ICU [63], 
remdesivir significantly reduced the likelihood of readmis-
sion at 30, 60 and 90 days, irrespective of the predominant 
circulating variant (Delta or Omicron).

In another study, data were obtained from a multi- 
hospital health system for 42,473 patients who received 
at least one dose of remdesivir for COVID-19 [64]. Of  
these, 18,328 patients were matched to controls using time-
dependent propensity scores. Patients receiving remdesivir 
were significantly more likely to achieve clinical improve-
ment by day 28 (adjusted HR 1.19; 95% CI 1.16–1.22). The 
clinical benefit of remdesivir was greatest in patients receiving 
low-flow oxygen or no oxygen at baseline. Remdesivir also 
significantly reduced mortality in patients receiving low-flow 
oxygen (adjusted HR 0.85; 95% CI 0.77–0.92) [64].

5  Tolerability of Remdesivir

Remdesivir was generally well tolerated in clinical trials in 
hospitalized patients with COVID-19 [26, 30, 35]. In the 
pivotal ACTT-1 trial, the most common (incidence ≥ 5%) 
non-serious adverse events (AEs) reported in patients receiv-
ing remdesivir were decreased eGFR (10 vs 14% with pla-
cebo), decreased haemoglobin (9 vs 12%), decreased lym-
phocyte count (8 vs 11%), anaemia (8 vs 10%), increased 
blood glucose (7 vs 5%), pyrexia (7 vs 6%), hyperglycaemia 
(6 vs 7%) and increased blood creatinine (6 vs 7%) [26]. 
Serious AEs occurred in 24% of remdesivir recipients and 
32% of placebo recipients (p = 0.01), including serious res-
piratory failure (9 vs 16%). Rates of treatment-related AEs 
(8 vs 9%), grade 3 or 4 AEs (51 vs 57%) and discontinuation 
due to AEs (11 vs 15%) were similar across both treatment 
groups. No deaths were considered to be related to study 
treatment [26].

In the SIMPLE-severe [30] and SIMPLE-moderate [35] 
trials, the overall incidence of AEs was similar between 
hospitalized patients receiving a 5-day course of remde-
sivir (70% in SIMPLE-severe and 51% in SIMPLE-mod-
erate) and those receiving a 10-day course of remdesivir 
(74% and 59%, respectively); the incidence of AEs in 
patients receiving SOC alone in SIMPLE-moderate was 
45% [35]. The most common AE in both trials was nausea, 
occurring in 10% of 5-day remdesivir recipients and 9% 
of 10-day remdesivir recipients in each study (vs 3% of 
patients receiving SOC alone in SIMPLE-moderate) [30, 
35]. The incidence of grade ≥ 3 AEs was 30% and 43% 
in the 5-day and 10-day remdesivir groups, respectively, 
in SIMPLE-severe [30] and 10% and 12% of patients in 
the respective groups in SIMPLE-moderate (vs 12% with 
SOC alone) [35]. Serious AEs occurred in 21% and 35% 
of patients in the 5-day and 10-day remdesivir groups, 
respectively, in SIMPLE-severe [30] and in 5% of patients 
in each remdesivir group in SIMPLE-moderate (vs 9% of 
patients receiving SOC alone) [35] AEs leading to dis-
continuation of study medication occurred in 4% and 10% 
of patients in the 5-day and 10-day remdesivir groups, 
respectively, in SIMPLE-severe [30] and in 2% and 4% 
of patients in the respective groups in SIMPLE-moderate 
[35].

Overall, remdesivir was generally well tolerated 
when administered in combination with baricitinib [43], 
interferon-β-1a [44] or tocilizumab [45] in hospitalized 
patients with COVID-19. In ACTT-2, the combination of 
remdesivir plus baricitinib was associated with significantly 
fewer serious AEs than remdesivir plus placebo (16 vs 21%; 
p = 0.03) [43]. However, in ACTT-3, the combination of 
remdesivir plus interferon-β-1a was associated with more 
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AEs than remdesivir plus placebo, both in patients who did 
(69 vs 39%) and did not (7 vs 3%) require high-flow oxygen 
at baseline [44]. In REMDACTA, the incidence of AEs was 
75% with remdesivir plus tocilizumab and 69% with remde-
sivir plus placebo [45].

Remdesivir had an acceptable safety profile in outpatients 
with COVID-19 at high risk for disease progression [47]. 
In PINETREE, the overall incidence of AEs was 42% with 
remdesivir and 46% with placebo. The most common (inci-
dence ≥ 5%) non-serious AEs reported in patients receiv-
ing remdesivir were nausea (11 vs 7% with placebo) and 
headache (6 vs 6%). The incidence of treatment-related AEs 
was 12% with remdesivir and 9% with placebo. Serious AEs 
occurred in 2% of patients in the remdesivir group and 7% 
of patients in the placebo group. Few AEs led to discontinu-
ation of study medication (1 vs 2%) [47]. An analysis of 
renal, hepatic and cardiac safety demonstrated that remde-
sivir was not associated with organ-specific toxicities [107]. 
The median change from baseline in renal (creatinine clear-
ance) and hepatic [alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and bilirubin] laboratory parameters 
was similar between treatment groups. There were no AEs 
related to nephrotoxicity. The incidence of hepatic AEs (i.e. 
increased ALT and AST; Sect. 5.1) and cardiac-related AEs 
was also similar between the remdesivir and placebo groups 
[107].

5.1  Adverse Events of Special Interest

There have been reports of elevated transaminases in patients 
receiving remdesivir in clinical trials [6, 7]. Increased ALT 
or AST levels occurred in 2–3% of remdesivir recipients in 
ACTT-1 (vs 5–6% with placebo) [26]. Grade 3 or 4 increases 
in ALT or AST occurred in 6–8% of remdesivir recipients 
in SIMPLE-severe [30] and 1–3% of remdesivir recipients 
in SIMPLE-moderate (vs 6–8% with SOC alone) [35]. ALT 
was increased in 8% of (paediatric) patients in CARAVAN 
[49]. Few (out)patients (< 1%) in PINETREE experienced 
ALT or AST elevation [107]. Liver function should be 
assessed prior to initiation of remdesivir and monitored 
during treatment as clinically appropriate [6, 7], with con-
sideration of the risk-benefit ratio in patients with hepatic 
impairment (Sect. 5.3).

Hypersensitivity reactions, including infusion-related 
reactions and anaphylactic reactions, can occur with rem-
desivir [6, 7]. Signs and symptoms of hypersensitivity may 
be prevented with a slower infusion rate (maximum infusion 
time ≥ 120 min). If signs and symptoms of a clinically sig-
nificant hypersensitivity reaction occur, remdesivir should 
be discontinued immediately and appropriate treatment 
should be initiated [6, 7].

5.2  Adverse Drug Reactions in the Real‑World 
Setting

Real-world data on adverse drug reactions (ADRs) with rem-
desivir in patients with COVID-19 were obtained from Vig-
iBase, the WHO Global Database of Individual Case Safety 
Reports (ICSRs) [108], and Eudravigilance, the centralized 
European database of ADR reports [109]. Among 4944 
ICSRs with remdesivir in VigiBase, 21% were indicative 
of severe/critical disease and 22% were fatal [108]. Among 
1375 ICSRs with remdesivir in Eudravigilance, 82% were 
serious and almost one-third were fatal [109]. In both data-
bases, the most commonly reported ADRs associated with 
remdesivir involved the kidneys, liver, and heart [108, 109]. 
A retrospective Japanese study demonstrated that the safety 
of remdesivir was comparable between older (≥ 80 years of 
age) and younger (< 80 years of age) patients [110].

Remdesivir was associated with an increased risk of AKI 
[111] and acute renal failure [112] in patients with COVID-
19, according to pharmacovigilance analyses of VigiBase 
[111] and the US FDA Adverse Event Reporting System 
(FAERS or AERS) database [112]. There were 589 cases of 
AKI [reporting OR (ROR) 2.81; 95% CI 2.48–3.18] [112] and 
138 cases of acute renal failure (ROR 20.3; 95% CI 15.7–26.3; 
p < 0.0001 vs comparative drugs) [111] with remdesivir. The 
mean time to onset of AKI was 4.91 days [112] and most 
(94%) cases of acute renal failure were serious [111]. Con-
versely, an updated analysis of data from FAERS suggested 
that remdesivir may not be nephrotoxic [113]. In this analysis, 
signals of both remdesivir-associated AKI and renal disorders 
in patients with COVID-19 diminished during Q3 of 2022, 
with RORs of 1.50 (95% CI 0.91–2.45) and 1.69 (95% CI 
1.06–2.70), respectively [113]. Moreover, a retrospective pro-
pensity score-matched analysis demonstrated that remdesivir 
may have a nephroprotective effect in patients with COVID-
19 [114]. In this observational cohort study (n = 927), rem-
desivir was associated with a significantly lower likelihood of 
AKI relative to the non-remdesivir group (OR 0.40; 95% CI 
0.24–0.67; p < 0.001) [114].

Use of remdesivir was associated with an increased risk 
of hepatic impairment [115] and hepatobiliary ADRs [116] 
in patients with COVID-19, according to pharmacovigilance 
analyses of VigiBase. There were 130 hepatic disorders 
(ROR 1.94; 95% CI 1.54–2.45) [115] and 752 hepatobiliary 
ADRs [116] with remdesivir, most of which were serious 
[115, 116]. The mean time to onset of hepatic disorders 
was 5.4 days [115]. Specific ADRs included increased liver 
transaminases (Sect. 5.1), increased bilirubin, liver fail-
ure, and hepatitis [115, 116]. However, in a retrospective 
propensity-score matched analysis, there was no association 
between remdesivir and acute liver injury (OR 0.47; 95% CI 
0.20–1.11) [114].
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Remdesivir was associated with an increased risk of 
cardiovascular ADRs in patients with COVID-19 [117, 
118]. According to VigiBase, after adjusting for multi-
ple confounders, cardiac arrest (adjusted OR 1.88; 95% 
CI 1.08–3.29), bradycardia (adjusted OR 2.09; 95% CI 
1.24–3.53) and hypotension (adjusted OR 1.67; 95% CI 
1.03–2.73) were significantly associated with the use of 
remdesivir [118]. Pooled data from real-world observational 
studies also demonstrated that remdesivir was associated 
with an increased risk of bradyarrhythmia (OR 3.27; 95% 
CI 1.90–5.63) [117]. However, in a retrospective analysis, 
remdesivir-induced bradycardia was transient and was not 
associated with ICU admission or mortality [119].

Use of remdesivir was not associated with an increased 
risk of neuropsychological ADRs in patients with COVID-
19 [120]. Although VigiBase identified 108 neuropsycho-
logical ADRs (64 neurological events and 44 psychological 
events) with remdesivir, no statistically significant pharma-
covigilance signal was detected [120].

5.3  Safety in Special Populations

Remdesivir was safe and well tolerated in patients with mod-
erate COVID-19 and hepatic impairment [121]. In an explor-
atory analysis of the SIMPLE-moderate trial (Sect. 4.1.4), 
the safety profile of remdesivir (in terms of the incidence of 
serious AEs, ≥ grade 3 AEs, hepatobiliary AEs, and liver 
function investigations) was similar in patients with normal 
and elevated [i.e. 1–5 x upper limit of normal (ULN)] ALT 
levels at baseline [121]. However, due to a lack of data, rem-
desivir should only be used in patients with hepatic impair-
ment if the potential benefit outweighs the potential risk 
[7]. Remdesivir should not be initiated in patients with ALT 
≥ 5 x ULN at baseline [6, 7]. Remdesivir should be discon-
tinued in patients who develop ALT elevation with signs or 
symptoms of liver inflammation or increasing conjugated 
bilirubin, alkaline phosphatase, or international normalized 
ratio during treatment. Remdesivir should also be discontin-
ued in patients who develop ALT ≥ 5 x ULN during treat-
ment, but may be restarted when ALT is < 5 x ULN [6, 7].

Remdesivir was safe and well tolerated in COVID-19 
patients with renal impairment [50, 92, 93, 122–125]. In 
the REDPINE trial (Sect. 4.5), remdesivir had a similar 
AE profile to that of placebo in patients with moderately 
and severely reduced kidney function, and no new safety 
signals were identified [50]. Regardless of baseline kidney 
disease status (i.e. CKD or AKI), similar proportions of 
patients treated with remdesivir and placebo developed 
worsening AKI, required renal replacement therapy, or 
died by day 29 [50]. In real-world studies, remdesivir was 
not associated with a significantly increased risk of AKI 
in COVID-19 patients with renal failure [124] and vari-
ous levels of renal impairment (i.e. estimated creatinine 

clearance < 30 mL/min [122], eGFR < 30 mL/min/1.73  m2 
[92] and eGFR ≥ 50 mL/min/1.73  m2 [125]). Remdesi-
vir was also safe and well tolerated in dialysis-dependent 
patients with ESRD and moderate to severe COVID-19 
[123], and appeared safe in kidney transplant recipients 
with COVID-19 [93, 126]. As clinically appropriate, eGFR 
should be measured prior to and during remdesivir treat-
ment [7]. Due to limited safety data, patients with severe 
renal impairment and ESRD should be closely monitored 
for adverse events during treatment with remdesivir [7].

Remdesivir was safe and well tolerated in paediatric 
patients (aged 28 days to < 18 years) with COVID-19 
[49, 52, 78]. In the CARAVAN trial (Sect. 4.4), which 
included safety and tolerability as primary endpoints, 21% 
of patients experienced serious AEs, none of which were 
related to treatment. Grade ≥ 3 treatment-related AEs 
occurred in 6% of patients. The most common (incidence 
≥ 5%) AEs were constipation (17%), AKI (11%), hypergly-
caemia (9%), pyrexia (9%), increased ALT (8%), hyperten-
sion (8%), hypomagnesaemia (8%), vomiting (8%), anae-
mia (6%), nausea (6%), agitation (6%) and bradycardia 
(6%). No new safety trends for remdesivir were observed 
[49]. Among paediatric patients who received compassion-
ate use remdesivir (Sect. 4.6), the incidence of serious AEs 
was 16% [52]. The only serious AE that occurred in more 
than one patient was elevated transaminases, and most AEs 
were related to COVID-19 or comorbid conditions [52]. 
No remdesivir-related AEs were reported in a retrospective 
cohort study of immunocompromised paediatric oncology 
patients with mild COVID-19 [78].

Remdesivir was safe and well tolerated in pregnant 
women with COVID-19 [22, 51]. In the IMPAACT 2032 
study (Sect. 3.1), eight of ten pregnant women experienced 
grade 3 or 4 AEs, none of which were related to remdesivir 
treatment [22]. Compassionate use remdesivir (Sect. 4.6) 
was generally well tolerated in pregnant or postpartum 
women with severe COVID-19, and no new safety signals 
were identified [51]. However, due to limited data [6, 7], 
remdesivir should be avoided during pregnancy unless 
clinically necessary [7]. It is unknown if remdesivir is 
present in human breast milk [6, 7]. Therefore, breastfeed-
ing patients should choose between discontinuing breast-
feeding and discontinuing/abstaining from treatment with 
remdesivir [7], taking into consideration the benefits of 
breastfeeding for the infant and the clinical benefits of 
remdesivir therapy for the mother [6, 7].

6  Dosage and Administration of Remdesivir

In the USA, remdesivir is indicated for the treatment 
of COVID-19 in adults and paediatric patients (aged 
≥ 28 days and weighing ≥ 3 kg) with positive results of 
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direct SARS-CoV-2 viral testing who are hospitalized, 
or not hospitalized, have mild-to-moderate COVID-19 
and are at high risk for progression to severe COVID-19, 
including hospitalization or death [6]. In the EU, remde-
sivir is indicated for the treatment of COVID-19 in adults 
and paediatric patients (aged ≥ 4 weeks and weighing 
≥ 3 kg) with pneumonia requiring supplemental oxygen, 
and in adults and paediatric patients (weighing ≥ 40 kg) 
who do not require supplemental oxygen and who are at 
increased risk of progressing to severe COVID-19 (includ-
ing outpatients) [7]. The efficacy and safety of remdesivir 
in paediatric patients aged < 4 weeks or weighing < 3 kg 
have not been established [6, 7].

Remdesivir is available as a solution and/or lyophilized 
powder for intravenous infusion over 30–120 min [6, 7]. 
The recommended dosage regimen for adults and paedi-
atric patients weighing ≥ 40 kg is a single loading dose 
of 200 mg on day 1 followed by once-daily maintenance 
doses of 100 mg from day 2 onwards. The recommended 
dosage regimen for paediatric patients weighing 3  kg 
to < 40 kg is a single loading dose of 5 mg/kg on day 1 
followed by 2.5 mg/kg once daily from day 2 onwards 
[6, 7]. In hospitalized patients (USA) [6] and in patients 
with pneumonia requiring supplemental oxygen (EU) [7], 
the recommended duration of treatment is ≥ 5 days and 
≤ 10 days. In non-hospitalized patients who are at high 
risk for progression to severe COVID-19 (USA) [6] and 
in patients who do not require supplemental oxygen and 
are at increased risk for progressing to severe COVID-19 
(EU) [7], the recommended total duration of treatment is 
3 days, starting as soon as possible after diagnosis and 
within 7 days of symptom onset [6, 7].

Consult local prescribing information for further 
detailed information regarding contraindications, drug 
interactions, warnings and precautions, and use in special 
patient populations.

7  Place of Remdesivir in the Management 
of COVID‑19

Due to its antiviral activity against coronaviruses, remdesi-
vir has received a great deal of attention during the current 
COVID-19 global pandemic. Given the rapidly evolving 
nature of the pandemic, living guidelines for the treatment 
of COVID-19 are regularly updated based on new evidence 
[127]. The most recently updated living guidelines from 
the WHO [128, 129], the UK National Institute for Health 
and Care Excellence [130], the US National Institutes of 
Health (NIH) [131], the Infectious Diseases Society of 
America [132], the American College of Physicians [133, 
134], the European Society of Clinical Microbiology and 

Infectious Diseases [135] and the European Respiratory 
Society [136] all include remdesivir in their treatment rec-
ommendations. Generally, most guidelines conditionally 
recommend the use of remdesivir for patients with severe 
COVID-19, including those requiring supplemental oxy-
gen or NIV, and for patients with mild to moderate (non-
severe) COVID-19 who are at high risk of progression to 
severe COVID-19 [128–135]. In addition, most guidelines 
specifically recommend against the use of remdesivir for 
patients with critical COVID-19 (e.g. those requiring IMV 
and/or ECMO) [128–130, 132–134, 136].

Based on data from the ACTT-1 (Sect. 4.1.1) and SIM-
PLE-severe (Sect. 4.1.2) trials, remdesivir received an 
emergency use authorization for the treatment of COVID-
19 in the USA, followed by conditional approval in sev-
eral other regions, including the EU. Remdesivir is fully 
approved for the treatment of hospitalized patients with 
COVID-19 (including those on supplemental oxygen), and 
for the treatment of outpatients with COVID-19 who are at 
high risk for progression to severe disease (Sect. 6). [17]. 
The drug is available in two formulations: a solution and 
a lyophilized powder (Sect. 6), which have comparable 
pharmacokinetics (Sect. 3).

Evidence for the benefit of remdesivir in hospitalized 
patients with COVID-19 was first demonstrated in the 
pivotal, double-blind ACTT-1 trial, in which remdesivir 
significantly reduced time to recovery relative to placebo 
(Sect. 4.1.1). This study also indicated a greater effect of 
remdesivir in patients receiving low-flow oxygen at base-
line, albeit this may be partly explained by the larger sam-
ple size in this category [26]. Subsequent clinical trials 
provided additional support for the efficacy of remdesivir 
in terms of recovery in hospitalized patients with moder-
ate (Sect. 4.1.4) and severe (Sect. 4.1.2) COVID-19. The 
SIMPLE trials also found that a 5-day course of remdesivir 
was effective in patients who did not require mechanical 
ventilation or ECMO (Sects. 4.1.2 and 4.1.4). The differ-
ences between the 5- and 10-day courses of remdesivir 
may been due to imbalances in baseline characteristics 
[30], patient care and discharge practices [35] between 
treatment groups, and/or the potential negative impact of 
additional days of hospitalization in the 10-day group [35]. 
The interpretation of these results is also limited by the 
open-label study designs of both SIMPLE trials [30, 35] 
and the lack of a randomized placebo group in SIMPLE-
severe [30]. It should also be noted that due to the urgent 
circumstances under which the trials were conducted, the 
effects of remdesivir on SARS-CoV-2 viral load were not 
evaluated [30, 35].

COVID-19 is associated with excess mortality and has 
become a leading cause of death worldwide [137]. There-
fore, reducing mortality and preventing disease progression 
in hospitalized patients with moderate to severe COVID-19 
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is a key goal of treatment. Both ACTT-1 (Sect. 4.1.1) and 
SIMPLE-severe (Sect. 4.1.2) showed a mortality benefit 
for remdesivir over placebo or SOC, although this was 
assessed as a secondary endpoint. Preliminary data from the 
large WHO SOLIDARITY trial suggested that remdesivir 
had little or no effect on mortality in hospitalized patients 
with COVID-19 (Sect. 4.1.5). However, updated results of 
WHO SOLIDARITY demonstrated that although remdesi-
vir had no significant effect on mortality in patients who 
were already being ventilated, it had a small but statistically 
significant effect against death or progression to ventilation 
among other hospitalized patients (Sect. 4.1.5). This pro-
vides support for previous findings that remdesivir may be 
more effective in hospitalized patients with minimal oxygen 
requirements at baseline (Sect. 4.1.1).

Systematic reviews and meta-analyses of randomized 
controlled trials investigating the use of remdesivir in hos-
pitalized patients with COVID-19 have yielded equivocal 
results [138–143]. Some analyses demonstrated a possi-
ble reduction in mortality with remdesivir, particularly in 
patients requiring low or no oxygen support [138, 141, 143], 
while other analyses showed that remdesivir had little to 
no effect on mortality [139, 140, 142]. It should be noted 
that most of the randomized controlled trials included in 
these analyses were not powered to assess mortality. Most 
analyses demonstrated that remdesivir was associated with 
improved recovery in hospitalized patients with COVID-19 
[138–140, 142, 143].

Data from real-world studies (Sect. 4.7) and the compas-
sionate use program (Sect. 4.6) were generally consistent 
with those seen in clinical trials. In several large real-world 
studies, remdesivir was associated with clinical improve-
ment, reduced mortality and/or reduced likelihood of read-
mission in hospitalized adults with COVID-19 (Sect. 4.7). 
The mortality benefit of remdesivir in these studies was seen 
irrespective of baseline oxygen requirements and across 
different variants of concern (Sect. 4.7). These studies also 
demonstrated that remdesivir reduced the likelihood of 
readmission and mortality in subgroups of immunocompro-
mised patients (Sect. 4.7). This is a notable finding, given 
that immunocompromised patients are at increased risk of 
hospitalization, complications and mortality from COVID-
19 [56]. Despite their inherent limitations, such observa-
tional studies may offer a better representation of real-life 
clinical practice than prospective clinical trials, further sup-
porting the effectiveness of remdesivir for the treatment of 
COVID-19.

Early outpatient treatment of COVID-19 is important for 
patients who are at increased risk for progression to severe 
disease [144]. In the PINETREE trial, remdesivir reduced 
the risk of hospitalization or death in outpatients at high risk 
of progressing to severe COVID-19 (Sect. 4.3). This led to 
an expanded indication for remdesivir, which was initially 

approved only for the treatment of hospitalized patients with 
COVID-19. In subgroup analyses of PINETREE, remdesivir 
appeared to be more effective when initiated early in the 
course of disease (Sect. 4.3). This finding is consistent with 
post hoc analyses of the ACTT-1 trial, which demonstrated 
that remdesivir reduced the risk of progression to IMV or 
death in hospitalized patients with COVID-19 (Sect. 4.1.1) 
[47].

Although COVID-19 is generally milder in paediatric 
patients than in adults, some children with COVID-19, par-
ticularly those with comorbidities, may require hospitaliza-
tion and specific treatment [131]. The US NIH recommends 
remdesivir as a treatment option for hospitalized paediatric 
patients with COVID-19 who require no supplemental oxy-
gen, conventional oxygen, high-flow oxygen or NIV (but 
not those requiring mechanical ventilation or ECMO) [131]. 
The CARAVAN trial, while primarily designed to evalu-
ate safety, tolerability, and pharmacokinetics, also demon-
strated a high rate of clinical improvement with remdesivir 
in paediatric patients with COVID-19 (Sect. 4.4). Results 
from this trial supported the expanded approval of remdesi-
vir to include paediatric patients aged ≥ 28 days (USA) or 
≥ 4 weeks (EU) and weighing ≥ 3 kg (Sect. 6).

Based on the results of the REDPINE trial (Sects. 3.1 and 
4.5), the EU and US labels for remdesivir were extended to 
treat COVID-19 in patients with severe renal impairment, 
including those on dialysis (Sect. 3.1). As such, remdesivir 
is the first antiviral for COVID-19 that can be used across 
all stages of renal disease. Previously, the use of remdesivir 
had been restricted in patients with severe renal impairment 
due to insufficient data [145].

Remdesivir, alone or in combination with other agents, 
was generally well tolerated in clinical trials in hospitalized 
patients with COVID-19 (Sect. 5). Remdesivir also had an 
acceptable safety profile in outpatients with COVID-19 at 
high risk of disease progression (Sect. 5). Rates of AEs of 
special interest such as elevated transaminases were gener-
ally low (Sect. 5.1). Nevertheless, close monitoring of liver 
function is recommended (Sects. 5.1 and 5.3). Real-world 
pharmacovigilance data have shown that the use of remde-
sivir was associated with an increased risk of some ADRs, 
including AKI, acute renal failure, hepatic impairment, 
hepatobiliary ADRs, and cardiovascular ADRs (Sect. 5.2). 
Remdesivir was safe and well tolerated in special patient 
populations, including paediatric patients, pregnant women, 
patients with hepatic impairment, and patients with renal 
impairment (Sect. 5.3). This is important, given that preg-
nant women with COVID-19 have an increased risk of 
severe disease and adverse pregnancy outcomes [22], and 
patients with underlying CKD, patients on dialysis, and 
kidney transplant recipients are at higher risk for severe 
COVID-19 and mortality [146, 147].
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To date, few well-designed, randomized controlled tri-
als have directly compared remdesivir with other pharma-
cological agents in patients with COVID-19. In the WHO 
SOLIDARITY trial, which investigated four treatment 
options (remdesivir, lopinavir/ritonavir, interferon-β-1a and 
hydroxychloroquine), each drug was compared with its own 
control (Sect. 4.1.5). None of the treatments significantly 
reduced the overall risk of mortality in WHO SOLIDARITY 
(Sect. 4.1.5) or in meta-analyses of WHO SOLIDARITY 
and other randomized controlled trials [36, 37]. However, 
monoclonal antibodies are no longer recommended for the 
treatment of COVID-19. A systematic review demonstrated 
some apparent differences in efficacy between remdesivir 
and various other antivirals (including nirmatrelvir plus 
ritonavir and molnupiravir), but no significant differences 
in tolerability [148]. However, given the limitations of indi-
rect comparisons, these results should be interpreted with 
caution. Unlike nirmatrelvir plus ritonavir, which is admin-
istered orally [149, 150] and may be more convenient for 
outpatients, remdesivir is administered as an intravenous 
infusion over 30–120 min (Sect. 6). However, nirmatrel-
vir plus ritonavir has the potential for numerous drug-drug 
interactions [149, 150], while the possibility of drug-drug 
interactions with remdesivir appears to be low (Sect. 3.2). 
Clinical trials directly comparing remdesivir with other anti-
virals such as nirmatrelvir plus ritonavir would help to defin-
itively place remdesivir in the management of COVID-19.

The COVID-19 pandemic has placed a significant eco-
nomic burden on healthcare systems, with total global 
mortality costs estimated to be in the trillions [151]. There-
fore, cost-effective treatments that reduce the mortality of 
COVID-19 are vital. A cost-effectiveness analysis conducted 
alongside the CATCO trial (Sect. 4.1.5.2) found that, from 
a Canadian healthcare payer perspective, remdesivir plus 
usual care was cost effective relative to usual care alone in 
hospitalized patients with COVID-19 [152]. Other stud-
ies also found that remdesivir was cost effective relative 
to SOC in hospitalized patients with COVID-19 in China, 
South Africa, Turkey and the United Arab Emirates [153, 
154], while studies conducted in the USA showed conflict-
ing results [153, 155].

In two studies, remdesivir was estimated to be cost 
effective only if it prevented death in hospitalized patients 
with COVID-19 [156, 157]. A Markov model analyzing 
the cost-effectiveness of remdesivir from the perspective 
of the US healthcare sector estimated the incremental cost-
effectiveness ratio (ICER) of remdesivir to be $US298,200 
per quality-adjusted life-year (QALY) without mortality 
benefit and $US50,100 per QALY with mortality benefit 
[156]. In a probabilistic cost-effectiveness analysis of 
remdesivir in England and Wales, corresponding ICERs 
were > £1 million per QALY without mortality benefit 
and £12,400 per QALY with mortality benefit [157]. 

Remdesivir had a 74% probability of being cost effective 
at a willingness-to-pay threshold of £20,000 per QALY 
[157]. Further robust pharmacoeconomic data would be 
beneficial.

In conclusion, remdesivir is effective and generally well 
tolerated in patients with COVID-19, including hospitalized 
patients with moderate or severe COVID-19 and minimal 
oxygen requirements, and outpatients who are at high risk 
for disease progression. However, remdesivir appears to be 
less effective in hospitalized patients with severe disease 
who are already being mechanically ventilated. Overall, 
remdesivir represents a useful treatment option for patients 
with COVID-19, particularly those who require supplemen-
tal oxygen.

Data Selection Remdesivir: 1669 records 
identified 

Duplicates removed 26

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

996

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

490

Cited efficacy/tolerability articles 105

Cited articles not efficacy/tolerability 52

Search Strategy: EMBASE, MEDLINE and PubMed from 1946 
to present. Clinical trial registries/databases and websites were 
also searched for relevant data. Key words were remdesivir, 
Veklury, GS-5734, coronavirus, SARS-CoV-2, COVID-19, 
2019-nCoV. Records were limited to those in English language. 
Searches last updated 17 Jul 2023
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