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(See the Editorial Commentary by Gottlieb and Kalil on pages 392-4.)

Background. We aimed to evaluate the cardiac adverse events (AEs) in hospitalized patients with coronavirus disease 2019
(COVID-19) who received remdesivir plus standard of care (SoC) compared with SoC alone (control), as an association was
noted in some cohort studies and disproportionality analyses of safety databases.

Methods. This post hoc safety analysis is based on data from the multicenter, randomized, open-label, controlled DisCoVeRy
trial in hospitalized patients with COVID-19. Any first AE that occurred between randomization and day 29 in the modified
intention-to-treat (mITT) population randomized to either remdesivir or control group was considered. Analysis was
performed using Kaplan-Meier survival curves, and Kaplan-Meier estimates were calculated for event rates.

Results. Cardiac AEs were reported in 46 (11.2%) of 410 and 48 (11.3%) of 423 patients in the mITT population (n = 833)
enrolled in the remdesivir and control groups, respectively. The difference between both groups was not significant (hazard
ratio [HR], 1.0; 95% confidence interval [CI], .7-1.5; P=.98), even when serious and nonserious cardiac AEs were evaluated
separately. The majority of reports in both groups were of arrhythmic nature (remdesivir, 84.8%; control, 83.3%) and were
associated with a favorable outcome. There was no significant difference between the two groups in the occurrence of cardiac
AE subclasses, including arrhythmic events (HR, 1.1; 95% CI, .7-1.7; P = .68).

Conclusions. Remdesivir treatment was not associated with an increased risk of cardiac AEs compared with control in patients
hospitalized with moderate or severe COVID-19. These results are consistent with other randomized, controlled trials and meta-analyses.

Clinical Trials Registration. NCT 04315948; EudraCT 2020-000936-23.

Keywords. COVID-19; remdesivir; cardiac adverse events; randomized controlled trials; antiviral therapy.

Remdesivir, now used in more than 50 countries as the standard of ~  inhibitor originally developed against several RNA viruses, includ-
care (SoC) for the treatment of coronavirus disease 2019

(COVID-19), is an RNA-dependent RNA polymerase (RdRp)

ing Ebola and hepeatitis C virus [1]. Although none of the complet-
ed COVID-19 randomized, controlled trials (RCTs) have
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demonstrated cardiac events as a safety concern associated with re-
mdesivir [2-5], some case reports [6-8], cohort studies [9-11], and
disproportionality analyses from safety databases [12-14] suggest
that arrhythmias may be associated with remdesivir administra-
tion, mostly mild to moderate and reversible upon discontinuation.
Based on this, the Pharmacovigilance Risk Assessment Committee
of the European Medicines Agency initiated a new safety signal
procedure for sinus bradycardia, concluding in June 2021 that a
causal relationship is at least a reasonable possibility [15].

The focus on arrhythmias and bradycardia, in particular, was
motivated by the adenosine analog properties of remdesivir.
Meanwhile, the potential role of remdesivir in the occurrence
of cardiac events and the mechanism of sinus bradycardia induc-
tion are not yet clear, notably due to the complex confounding
factors. It is well established that COVID-19 disease itself can in-
duce cardiac manifestations as common complications in hospi-
talized patients with COVID-19 [16].

In addition to efficacy [17, 18], understanding the potential
associated risks and safety profile of remdesivir is essential in
the context of its widespread use.

Our primary aim in this work was to compare the occurrence
of cardiac adverse events (CAEs) in the DisCoVeRy RCT between
remdesivir and control groups from randomization to day (D) 29
in patients hospitalized with moderate or severe COVID-19.

METHODS

DisCoVeRy is a phase 3, randomized, controlled, open-label
study sponsored by Inserm and initiated at the onset of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pan-
demic in March 2020 in 48 sites in Europe. The study was primar-
ily designed to evaluate the efficacy and safety of 4 repurposed
drugs, including remdesivir, in combination with SoC (treatment
group) vs SoC alone (control group) in hospitalized patients (aged
>18 years) with laboratory-confirmed SARS-CoV-2 infection.
Data collection included medical history, baseline cardiac disor-
ders, concomitant treatments, and electrocardiogram (EKG)
findings at screening with calculation of corrected QT. A total
of 1308 patients were enrolled in the 5 groups, first randomly as-
signed in a 1:1:1:1:1 ratio, then 1:1 once the other 3 treatment
groups were stopped for futility to control or remdesivir group,
which were enrolled during the whole study. Randomization
was stratified on the center and the severity of the disease at inclu-
sion (moderate or severe). Patients assigned to the remdesivir
group received a loading dose of 200 mg intravenously on D1, fol-
lowed by a maintenance dose of 100 mg once daily for up to 9
days. Patients in the control group received the applicable local
SoC for COVID-19 management.

Safety data were collected until D29 after enrollment, and
all AEs were graded using the Division of Acquired
Immunodeficiency Syndrome table [19] to ensure consistency
across study sites. The study was approved by all relevant ethics

committees and regulatory authorities and registered under
EudraCT.

Patient Population

This post hoc safety analysis was done on the modified
intention-to-treat (mITT) population from the remdesivir
and control groups that included participants who received at
least 1 dose of the treatment allocated by randomization.

Data Collection and Management

To evaluate the remdesivir-associated cardiotoxicity risk, the fol-
lowing data were collected for each patient from the mITT pop-
ulation: individual factors (age, sex, body mass index),
comorbidities, documented cardiac history (cardiac diseases in-
cluding chronic, eg, myocardial infarction, acute coronary syn-
drome, atrial fibrillation, arrhythmias, stent or pacemaker
holder; peripheral vascular diseases, eg, peripheral obliterative ar-
teriopathy, aortic aneurysm; and cerebrovascular diseases), cardi-
ac disorders at baseline (rhythm, conduction, EKG), other risk
factors for cardiovascular diseases, relevant concomitant treat-
ments including those from the SoC therapies, and COVID-19
severity (severe or moderate, ventilation status at inclusion).

All AEs and CAEs, both serious and nonserious, that occurred
between randomization and D29 were taken into account. If a
participant experienced multiple AEs or CAEs, only the first oc-
currence during the period of analysis was considered.

For descriptive purposes, we collected additional variables
for each CAE, such as the time to onset, resolution date, and
outcome, including fatal events and those that resulted from re-
mdesivir discontinuation due to the CAE (ie, dechallenge).

Serious and nonserious CAEs included the Preferred Terms
encoded in the Medical Dictionary for Regulatory Activities
(MedDRA), “Cardiac Disorders” and “Investigations” System
Organ Classes,” and those extracted from broad cardiac
Standardized MedDRA Queries (validated, standard sets of
MedDRA terms used as a tool to support signal detection
and safety monitoring). All CAEs not considered to be of car-
diac origin were excluded from the analysis after review (ie,
dyspnea due to desaturation associated with COVID-19 pul-
monary progression, cardiac arrest immediately following a
context of respiratory failure such as post-extubation and acute
respiratory distress syndrome [ARDS], blood creatine phos-
phokinase increase due to mild rhabdomyolysis associated
with COVID-19 with normal EKG and troponin, hyponatre-
mia due to history of kidney disease and orthostatic hypoten-
sion considered as a vascular disorder).

Endpoints

The primary safety endpoint was the CAEs (serious or nonse-
rious, possibly related to study drug or not, and regardless of
severity) that occurred between randomization and D29 in
the mITT population.
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Secondary safety endpoints included subclasses of CAEs and
overall serious AE (SAE) occurrences. The number of partici-
pants who experienced at least 1 SAE in the mITT population
is slightly higher than in the DisCoVeRy final results following
secondary safety data reconciliation.

To complete the analysis, some baseline parameters that
could influence the occurrence of CAEs were presented. For de-
scriptive purposes, times to onset, outcomes including deaths,
CAEs that led to remdesivir discontinuation, and the impact
of concomitant treatments identified as cardiotoxic that were
used prior to the occurrence of a CAE were examined.

Statistical Analyses

Descriptive statistics were used to summarize the patients’ de-
mographic and clinical characteristics. Continuous variables
were reported as median (interquartile range [IQR]), while cat-
egorical variables were reported as frequencies and percentag-
es. All percentages were raw and provided for descriptive
purposes only. Results were presented as event rates calculated
using the Kaplan-Meier estimator. Event rates were estimated
by dividing the number of events by the total number of indi-
viduals at risk at each time point for each treatment group from
the randomization date until D29 or until the occurrence of a
CAE prior to D29, whichever came first. Confidence intervals
(CIs) around the event rates were also calculated to provide a
measure of precision.

Censored data were encountered when patients either
dropped out of the study before experiencing a CAE or re-
mained in the study until the end of the follow-up period with-
out experiencing an event. Patients lost to follow-up were
censored at their last known contact. Patients who were still
alive and did not experience the CAE of interest at the time
of data cutoff were right-censored at D29. Participants who
died from causes unrelated to the CAE of interest were cen-
sored at the date of death. Of note, in this analysis, deaths
were not considered as events, as also recently proposed by re-
liable estimates using this approach [20, 21].

To account for censored data, we used the Kaplan-Meier
method to estimate the survival curves of CAEs over time.
We adjusted for potential confounders, such as the
COVID-19 severity at baseline, given the randomization was
stratified based on this variable. This adjustment was per-
formed using a Cox proportional hazards model. A sensitivity
analysis using the Fine and Gray model was performed with
death as competing risk. All statistical analyses were performed
with SAS software, version 9.4.

RESULTS

Overview of Baseline Characteristics
The DisCoVeRy trial (between 22 March 2020 and 21 January
2021) enrolled 857 participants randomized to a remdesivir

group (n=429) or control group (n=428) in France (n=
724), Belgium (n=51), Portugal (n=36), Austria (n=31),
and Luxemburg (n = 15).

In total, 833 participants were included in the safety analysis
(remdesivir, n =410; control, n =423), and the demographic
and clinical characteristics of the participants were balanced
at baseline in both randomized groups, consistently with the
previously published final results (Figure 1, Table 1). Among
participants in the remdesivir group, the median duration of
treatment was 9 days (IQR, 5-10).

Primary Endpoint
Kaplan-Meier survival curves of the times to CAEs are dis-
played in Figure 2.

By D29, 46 (11.2%) of 410 and 48 (11.3%) of 423 participants
experienced at least 1 CAE in the remdesivir and control
groups, respectively, which was not statistically different after
adjustment for the severity of COVID-19 at baseline (hazard
ratio [HR], 1.0; 95% CI, .7-1.5; P = .98; Table 2).

There were no significant differences between groups re-
garding serious CAEs (HR, 1.3; 95% CI, .8-2.4; P=.32) and
nonserious CAEs (HR, 0.7; 95% CI, .4-1.4; P =.39), including
when focusing on grades 1-2 (HR, 0.6; 95% CI, .3-1.1; P =.10)
and grades 3-4 (HR, 1.9; 95% CI, .6-5.6; P =.25) separately.
The sensitivity analysis using the Fine and Gray model revealed
similar results (data shown in Supplementary Table 1).

Secondary Endpoints

Cardiac AE Subclasses

Arrhythmic CAEs, including bradycardia, were observed in 39
(84.8%) of 46 and 40 (83.3%) of 48 participants who experi-
enced at least 1 CAE in the remdesivir and control groups, re-
spectively, and no significant difference between both groups
was observed (HR, 1.1; 95% CI, .7-1.7; P = .68), including non-
arrhythmic events (HR, 0.9; 95% CI, .4-2.0; P =.71).

There were no significant differences between the 2 groups
regarding serious arrhythmic AEs (HR, 1.7; 95% CI, .9-3.3;
P=.11) and nonserious arrhythmic AEs, including when fo-
cusing on grades 1-2 (HR, 0.6; 95% CI, .3-1.2; P=.17) and
grades 3-4 (HR, 1.5; 95% CI, .5-4.6; P =.51) separately.

Most serious arrhythmic events occurred either concomi-
tantly or within a few days following respiratory-, renal-,
sepsis-, or infection-related complications (remdesivir, 82.1%;
control, 87.5%), suggesting COVID-19-induced cardiac
events. Four patients in the remdesivir group experienced seri-
ous arrhythmic AEs apart from COVID-19 complications, but
all had preexisting conditions such as a history of rhythm
disorder.

During the trial, reports of bradycardia were rare (remdesi-
vir, n = 8; control, n = 8), and most were considered nonseri-
ous and occurred within 2 days after randomization, with a
favorable outcome in all.
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1308 randomly assigned,
March 22-June 29, 2020

I

) ! l

! |

429 total assigned to standard of
care plus remdesivir

5 without valid written,
|,/ informed consent
4 with deviations to
inclusion/exclusion criteria
10 did not receive at least
1 dose of intervention

410 patients included in the modified
intention-to-treat analysis

3 dyspnea due to desaturation
associated with COVID-19
pulmonary progression

2 blood CPK increase
reported as nonsignificant
rhabdomyolysis with normal
EKG and tropinin

1 cardiac arrest during
intubation for ARDS

1 orthostatic hypotention

46 patients experienced
atleast 1 cardiac AE

154 patients experienced
atleast 1 SAE

156 assigned to standard of care 150 assigned to standard of care 150 assigned to standard of care 151 assigned to standard of care 152 assigned to standard of care
plus remdesivir plus lopinavir-ritonavir plus lopinavir-ritonavir plus plus hydroxychloroquine only
interferon beta-1a
273 assigned to standard 276 assigned to standard
of care plus remdesivir, le—] of care only,
June 29, 2020- June 29, 2020~
January 21, 2021 January 21, 2021

428 total assigned to standard of
care only

3 without valid written,
informed consent

2 with deviations to
inclusion/exclusion
criteria

423 patients included in the modified
intention-to-treat analysis

3 cardiac arrest: 2 in context
of acute respiratory failure, 1
post-extubation \a

3 dyspnea due to desaturation
associated with COVID-19
pulmonary progression

1 hyponatremia due to
history of chronic kidney
disease

48 patients experienced
atleast 1 cardiac AE

145 patients experienced
atleast 1 SAE

Figure 1. Flow chart of the safety analysis showing the distribution of the 1308 randomly assigned participants in the DisCoVeRy randomized, controlled trial per arm, first
randomized in a 1:1:1:1:1 ratio, then 1:1 for remdesivir and control groups once the other 3 arms were stopped for futility. In this safety analysis, 410 and 423 patients were
included in the remdesivir and control groups, respectively. Abbreviations: AE, adverse event; ARDS, acute respiratory distress syndrome; COVID-19, coronavirus disease
2019; CPK, creatine phosphokinase; EKG, electrocardiogram; SAE, serious adverse event.

Of note, no QT prolongation nor torsade de pointes were re-
ported during the trial, and all ventricular tachycardia events
(n=3) were reported in the control group (cumulative CAEs
in Supplementary Table 2).

Potential Influence of Risk Factors or Preexisting Cardiac Condition
at Baseline

In both groups, cardiovascular risk factors associated with old-
er age and hypertension, COVID-19 severity at enrollment, and
invasive ventilation mode were the most common parameters
in patients with a reported CAE (Table 3). Among those who
experienced a CAE, the frequency of patients with preexisting
cardiac history was higher in the control group, and bradycar-
dia and abnormal EKG at baseline were more frequent in the
remdesivir group. However, in the latter group, 21% of patients
had missing EKG results.

Overall SAEs
Of the 833 patients included in the safety analysis, 299 (35.9%)
experienced at least 1 SAE, which was slightly higher in both

groups than in the previously published DisCoVeRy final re-
sults (remdesivir, n =154 vs 147; control, n = 145 vs 138, re-
spectively; Figure 1). However, the overall rate of SAEs
remained not statistically different between both groups, with
an HR of 1.2 (95% CI; .9-1.5; P = .21; Table 2).

Other Safety Data
Median Time to Onset of Cardiac AE From Randomization
In addition to the survival curves shown in Figure 2, the median
time to onset of CAEs (whether serious or not) was approximate-
ly 7.5 days (IQR, 0-27) vs 6.5 days (IQR, 0-24) in the remdesivir
and control groups, respectively. Supraventricular arrhythmias
(remdesivir, n = 14; control, n = 14) occurred respectively with-
in 3.0 days (IQR, 1-12) and 9.0 days (IQR, 2-24).

Of note, CAEs, mostly arrhythmic, were reported within 5
days in 20 (43.5%) of 46 and 22 (45.8%) of 48 participants in
the remdesivir and control group, respectively.
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Table 1. Baseline Characteristics of Participants in the Modified
Intention-to-Treat Population, Allocated to Remdesivir Group or Control
Group

Remdesivir Control
Characteristic at Baseline (n=410) (n=423)
Median age, (interquartile range), y 63 (565-73) 64 (54-72)
Sex, n (%)
Male 287 (70.0) 292 (69.0)
Female 123 (30.0) 131 (31.0)
Coexisting comorbidity, n (%)
Hypertension 108 (26.3) 114 (27.0)
Cardiac history?® 132 (32.2) 154 (36.4)
Rhythm, including bradycardia and conduction 94 (22.9) 115 (27.2)
disorders at random assignment®
Normal electrocardiogram 256 (78.5) 242 (72.2)
Other cardiovascular risk factors® 5 (8.5) 1(9.7)
Respiratory disease 3 (21.5) 101 (23.9)
Diabetes mellitus 109 (26.6) 118 (27.9)
Obesity 181 (39.7) 170 (40.5)
Renal disease 6 (8.8) 5 (10.6)
Dyslipidemia 7 (6.6) 3(7.8)
Cancer® 9(9.5) 47(11.1)
Severe coronavirus disease 2019 at random 159 (38.8) 167 (39.6)

assignment, n (%)
Ventilatory support at random assignment, n (%)

Room air 6 (1.4) 6 (1.4)
Oxygen support with nasal cannula or face 245 (59.8) 249 (59.0)
mask

High-flow oxygen device 14 (3.4) 7 (4.0
Noninvasive ventilation 74 (18.0) 1(16.8)
Invasive mechanical ventilation 71(17.3) (18 2)
Extracorporeal membrane oxygenation 0(0.0) 2 (0.

#Cardiac history included documented diseases known to increase the cardiovascular risk:
cardiac diseases including chronic (eg, myocardial infarction, acute coronary syndrome,
atrial fibrillation, arrhythmias, stent or pacemaker holder), peripheral vascular diseases
(eg, peripheral obliterative arteriopathy, aortic aneurysm), and cerebrovascular diseases.
PBradycardia was defined as heart rate <60 beats per minute (remdesivir, n = 40; control,
n=47). Other cardiac disorders at random assignment included rhythm excluding
bradycardia and conduction disorders (eg, tachycardia, left ventricular hypertrophy,
atrioventricular block, atrial fibrillation, bundle branch block, ventricular extrasystoles, and
repolarization disorders).

°Other cardiovascular risk factors included solid organ transplantation, active infection
(tuberculosis, AIDS/human immunodeficiency virus), and autoinflammatory diseases.

dCancer included active malignant neoplasm and malignant hemopathy.

Outcomes of Cardiac AEs, Including Death
Among the 39 deaths in the remdesivir group and 46 in the
control group (pre-D29: remdesivir, n = 33; control, n = 38),
9 patients in each group experienced a CAE. Notably, no
CAE was identified as a cause of death in the remdesivir group
and only 1 in the control group (fatal cardiac failure at D1 in a
92-year-old female patient with a history of pacemaker inser-
tion, atrial fibrillation, and thyroidectomy). Two male patients
in the remdesivir group experienced a serious CAE associated
with a fatal respiratory complication, including a cardiogenic
shock following pulmonary embolism and atrial fibrillation
preceded by acute respiratory failure.

A favorable outcome was reported for most CAEs in both
groups (remdesivir, 87.0%; control, 81.3%). The patients who
experienced a CAE with a nonfavorable outcome experienced

acute or chronic CAEs such as atrial fibrillation, tachycardia,
and heart failure. These outcomes were not documented and
were reported as unresolved or unknown.

Action Taken With Remdesivir Due to Cardiac AE

Remdesivir was discontinued in 3 (6.5%) patients due to CAEs,
all assessed as serious: atrioventricular block on D7 and brady-
cardia on D2, both resolved within 24 hours, and the previously
described cardiogenic shock on D1 after pulmonary embolism,
which was not resolved at the time of death.

Of note, remdesivir was continued in 25 (54.4%) participants
after the occurrence of CAEs, with a favorable outcome in 22.
These events were mostly arrhythmic (n = 23), including 6 bra-
dycardia. Unresolved events concerned 2 nonserious atrial fi-
brillation and 1 congestive cardiac failure.

In 18 (39.1%) participants, the CAEs occurred after study
drug discontinuation per protocol (up to D10) and were thus
associated with no intervention. These events were mostly ar-
rhythmic (n = 14), including 1 bradycardia.

Concomitant Cardiotoxic Drugs

Among patients with a reported CAE, 44 (95.7%) of 46 and 47
(97.9%) of 48 were concomitantly exposed to cardiotoxic drugs
in the remdesivir and control group, respectively. The main
drug classes were part of the COVID-19 management, that is,
SoC: systemic antibiotic and corticosteroid therapies and an-
tithrombotic agents.

DISCUSSION

In this safety analysis, we reviewed all serious and nonserious
AEs reported in the remdesivir and control groups of the
DisCoVeRy RCT designed for hospitalized patients with mod-
erate or severe COVID-19, providing an overview of the CAEs
and a focus on arrhythmic events.

Based on our results, the use of remdesivir was not associated
with an increased risk of CAEs, whether serious or not and re-
gardless of AE severity, compared with the control group. As
previously reported [2-4, 17, 22], no significant difference
was evidenced in the occurrence of SAEs between both groups.

While bradycardia seems to be associated with remdesivir in
some cohort studies [11, 12, 14] with mostly mild to moderate
manifestations, we found no significant differences in the ar-
rhythmic event rates between the 2 groups, regardless of se-
verity. In the reported cases of bradycardia, time to onset was
mostly consistent with several case reports and published stud-
ies, that is, on the first days of remdesivir initiation, including
during or within 24 hours of infusion. Importantly, however,
the same observations were made in the control group, which
was lacking in these observational studies. The majority of re-
ported bradycardic episodes resolved while the patient was still
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Figure 2. Kaplan-Meier estimates showing the times to cardiac adverse events from the modified intention-to-treat population in the remdesivir and control groups: overall
cardiac adverse events (A), serious cardiac adverse events (B), any nonserious adverse cardiac events (), and serious arrhythmic events (D). Blue lines show the remdesivir
group. Orange lines show the control group. A number-at-risk table is provided for each plot by treatment group.

exposed to remdesivir, while some arrhythmic events occurred duration of remdesivir treatment for hospitalized patients, we
after remdesivir was discontinued. examined some parameters at baseline that might influence

As almost half of the CAEs in both groups occurred within 5 the occurrence of such events. However, these observations
days of randomization, which is the currently reccommended  should be interpreted with caution given the small sample
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Table 2. Cardiac and Serious Adverse Events in the Modified Intention-to-Treat Population Between Remdesivir Group and Control Group

Remdesivir (n=410) Control (n=423)

Event Rate Event Rate HR (95% ClI) HR? (95% Cl)
N Patients (%) (95% CI) N Patients (%) (95% CI) [P Value] [P Value]
Any cardiac adverse events 46 (11.2) 0.076 (.062-.089) 48 (11.3) 0.075 (.061-.089) 0 (.6-1.5) [.95] 1.0 (.7-1.5) [.98]
Any serious cardiac adverse events® 27 (6.6) 0.043 (.036-.050) 21 (5.0) 0.042 (.034-.049) 3(.7-2.3) [.30] 3(.8-2.4) [.32]
Any nonserious cardiac adverse events® 23 (5.6) 0.039 (.031-.049) 30 (7.1) 0.040 (.031-.049) 0.8 (.5-1.3) [.38] 0.7 (.4-1.4) [.39]
Grades 1-2 14 (3.4) 0.031 (.025-.039) 25 (5.9) 0.032 (.025-.039) 6(.3-1.1) [.10] 0.6 (.3-1.1) [.10]
Grades 3-4 8(2.0) 0.010 (.007-.013) 6 (1.4) 0.009 (.007-.013)  1.8(.6-5.5) [.26] 1.9 (.6-5.6) [.25]
Subclasses of cardiac events
Any arrhythmic events 39 (9.5) 0.062 (.050-.075) 40 (9.5) 0.062 (.049-.074) 1.1(6-1.6)[.74] 1.1 (.7-1.7) [.68]
Any serious arrhythmic events 23 (5.6) 0.033 (.026-.041) 14 (3.3) 0.032 (.024-.039) 1.7 (.8-3.3) [.10] 1.7 (.9-3.3) [.11]
Atrial fibrillation 9(2.2) 6(1.4)
Bradycardia 3(0.7) 2(0.5)
Tachycardia 4(1.0) 2(0.5)
Ventricular tachycardia 0(0.0) 2(0.5)
Arrhythmia not specified 7(1.7) 2(0.5)
Any nonserious arrhythmic events
Grades 1-2 13(3.2) 0.027 (.022-.033) 24 (5.7) 0.028 (.022-.034) 0.6 (.3-1.2)[.16] 0.6 (.3-1.2) [.17]
Grades 3-4 701.7) 0.009 (.007-.012) 5(1.2) 0.009 (.007-.012) 1.4 (.4-4.5) [.62] 1.6 (.5-4.6) [.561]
Any non-arrhythmic events 10 (2.4) 0.018 (.014-.021) 12(2.8) 0.018 (.014-.021)  0.8(.3-1.9)[.701 0.9 (.4-2.0) [.71]
Any serious adverse events 154 (37.6) 0.380 (.342-.408) 145 (34.3) 0.372 (.339-.405) 1.2 (.9-1.4)[.20] 1.2 (.9-1.5) [.21]

Abbreviations: Cl, confidence interval; HR, hazard ratio.

?HRs adjusted for the severity of coronavirus disease 2019 at baseline based on the Cox model.

®Per protocol, a serious adverse event was defined as an adverse event that results in death, is life threatening, requires prolongation of existing hospitalization, results in persistent or
significant disability or incapacity, consists of a congenital anomaly/birth defect, or is an important medical event.

°Per protocol, the severity (intensity) of all adverse events was graded using the Division of AIDS table, corrected version 2.1 (July 2017). Some patients experienced different grades of

adverse events.

size and the fact that these parameters were explored at base-
line, as some may be different at the time of CAE occurrence,
depending on COVID-19 progression and clinical status.

Some cohort studies suggest the higher incidence of arrhyth-
mic events in patients receiving remdesivir to be due to its close
structural resemblance with adenosine [23]. A molecular model
suggests possible binding to adenosine receptors via GS-441524
bioaccumulation [24], remdesivir’s main extracellular metabo-
lite [25]. However, in vitro studies that demonstrate arrhyth-
mogenic activity should not be overinterpreted as the
concentrations of remdesivir might differ from actual plasma
concentrations in the clinical setting [26-30]. DisCoVeRy’s ex-
ploratory endpoints of the post-infusion plasma concentrations
did not show remdesivir or GS-441524 bioaccumulation [17].

To date, preclinical data have shown no clinically relevant
effect on the cardiovascular system [31], although prior cardiac
safety concerns were observed in other RdRp inhibitors
[32-34].

Our study has several limitations. First, the sample size was
relatively small, as the trial was stopped before reaching the
planned sample size (n=1308 vs n=3100 planned, that is,
620 per arm), and the study was not powered to detect differ-
ences in specific subgroups of patients, especially those with
prior cardiac conditions or those who presented with hypox-
emia at baseline. In the subanalyses that assessed some types

of CAEs such as bradycardia, the small number of CAE reports
impedes any relevant interpretation. Second, there was possible
bias in notification induced by the open-label design, although
the AEs were collected at the onset of the pandemic with no
particular a priori on remdesivir’s safety profile. Finally, this
safety analysis focused on CAEs associated with remdesivir;
however, confounding factors may have contributed to these
events. Cardiac events can be caused by COVID-19 as
SARS-CoV-2 is believed to cause direct cardiac injury and
can induce severe hypoxia, ARDS, and hyperinflammation, re-
sulting in cardiac impairment such as arrhythmias, myocardial
injury, or cardiac arrest [16]. Other confounding factors in-
volve the presence of cardiovascular risk factors, including di-
abetes mellitus and obesity, and underlying cardiac disease;
these are some of the comorbidities associated with the worst
outcomes for COVID-19. Furthermore, the concomitant poly-
pharmacy context often implies cardiotoxic treatments.

To date, although some cohort studies and disproportional-
ity analyses have noted an association between remdesivir and
cardiac events, no safety concern of cardiotoxicity was identi-
fied in meta-analyses of RCTs [35-38], consistent with the re-
sults of our safety analysis. These findings, which are
considered robust compared with case reports and observa-
tional cohorts given they are based on an RCT, contribute to
the growing body of evidence that supports the safety of
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Table 3. Potential Influence of Risk Factors or Preexisting Cardiac Condition at Baseline on Cardiac Adverse Event Occurrence in Remdesivir and Control

Groups
Remdesivir (N=410) Control (N=423)
Cardiac AEs (n=46) Other (n=364) Cardiac AEs (n=48) Other (n=375)
Parameter n (%) n (%) n (%) n (%)

Median age, (IQR), y

69.5 (568.0-75.0)

Sex, n (%)
Male 38 (82.6)
Female 8(17.4)
Coexisting comorbidity, n (%)
Hypertension 18 (39.1)
Cardiac history® 18 (39.1)
Rhythm, including bradycardia and conduction disorders 19 (41.3)
at random assignment®
Normal electrocardiogram 24 (61.5)
Other cardiovascular risk factors® 5(10.9)
Respiratory disease 7(15.2)
Diabetes mellitus 14 (30.4)
Obesity 22 (47.8)
Renal disease 5(10.9)
Dyslipidemia 5(10.9)
Cancer? 4(8.7)
Severe coronavirus disease 2019 at random assignment, n (%) 27 (68.7)
Ventilatory support at random assignment, n (%)
Room air 0(0.0)
Oxygen support with nasal cannula or face mask 19 (41.3)
High-flow oxygen device 9(19.6)
Noninvasive ventilation 3(6.5)
Invasive mechanical ventilation 15 (32.6)
Extracorporeal membrane oxygenation 0(0.0)

62.0 (54.0-72.0) 69.0 (61.0-75.0) 64.0 (53.0-72.0)

249 (68.4) 35 (72.9) 257 (68.5)
115 (31.6) 13 (27.1) 118 (31.5)
90 (24.7) 23 (49.7) 91 (24.3)
114 (31.3) 29 (60.4) 125 (33.3)
75 (20.6) 14 (29.2) 101 (26.9)
232 (80.8) 20 (58.8) 222 (73.7)
30 (8.2) 5(10.4) 36 (9.6)
81 (22.3) 17 (35.4) 84 (22.4)
95 (26.1) 14 (29.2) 104 (27.7)
139 (38.7) 22 (45.8) 148 (39.8)
31 (8.5) 9(18.7) 36 (9.6)
22 (6.0 4(8.3) 29 (7.7)
35 (9.6) 8(16.7) 39 (10.4)
132 (36.3) 35 (72.9) 132 (35.3)
6 (1.6) 1(2.0) 5(1.3)
226 (62.1) 12 (25.0) 237 (63.3)
62 (17.0) 10 (20.8) 67 (17.9)
11 (3.0) 2(4.1) 15 (4.0)
59 (16.2) 22 (45.8) 49 (13.1)
0(0.0) 1(2.1) 1(0.3)

Abbreviation: AE, adverse event.

“Cardiac history included documented diseases known to increase the cardiovascular risk: cardiac diseases including chronic (eg, myocardial infarction, acute coronary syndrome, atrial
fibrillation, arrhythmias, stent or pacemaker holder), peripheral vascular diseases (eg, peripheral obliterative arteriopathy, aortic aneurysm) and cerebrovascular diseases.

bBradycardia was defined as heart rate <60 beats per minute (remdesivir: cardiac events, n =6; other, n =34, control: cardiac events, n =5; other, n =42). Other cardiac disorders at random
assignment included rhythm excluding bradycardia and conduction disorders (eg, tachycardia, left ventricular hypertrophy, atrioventricular block, atrial fibrillation, bundle branch block,

ventricular extrasystoles, and repolarization disorders).

°Other cardiovascular risk factors included solid organ transplantation, active infection (tuberculosis, AIDS/human immunodeficiency virus), and autoinflammatory diseases.

dCancer included active malignant neoplasm and malignant hemopathy.

remdesivir use in patients with COVID-19. As medical knowl-
edge is constantly evolving, new research, especially on larger
sample sizes, may provide further insights on the relationship
between remdesivir and cardiac events. In the meantime, re-
gardless of whether remdesivir is administered or not, the iden-
tification of hospitalized patients with COVID-19 at high risk
for cardiac events, such as those with preexisting cardiovascular
disease, is important to establish preventive interventions and
comprehensive monitoring strategies, if needed.
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Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.
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