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Background: The role of molnupiravir for coronavirus disease 2019 (COVID-19) treatment is unclear.

Methods: We conducted a systematic review until 1 November 2022 searching for randomized controlled trials
(RCTs) involving COVID-19 patients comparing molnupiravir [+standard of care (SoC)] versus SoC and/or placebo.
Data were pooled in random-effects meta-analyses. Certainty of evidence was assessed according to the
Grading of Recommendations, Assessment, Development and Evaluations approach.

Results: Nine RCTs were identified, eight investigated outpatients (29 254 participants) and one inpatients (304
participants). Compared with placebo/SoC, molnupiravir does not reduce mortality [risk ratio (RR) 0.27, 95% CI
0.07-1.02, high-certainty evidence] and probably does not reduce the risk for ‘hospitalization or death’ (RR 0.81,
95% CI 0.55-1.20, moderate-certainty evidence) by Day 28 in COVID-19 outpatients. We are uncertain whether
molnupiravir increases symptom resolution by Day 14 (RR 1.20, 95% CI 1.02-1.41, very-low-certainty evidence)
but it may make no difference by Day 28 (RR 1.05, 95% CI1 0.92-1.19, low-certainty evidence). In inpatients, mol-
nupiravir may increase mortality by Day 28 compared with placebo (RR 3.78, 95% CI 0.50-28.82, low-certainty
evidence). There s little to no difference in serious adverse and adverse events during the study period in COVID-
19 inpatients/outpatients treated with molnupiravir compared with placebo/SoC (moderate- to high-certainty
evidence).

Conclusions: In a predominantly immunized population of COVID-19 outpatients, molnupiravir has no effect on
mortality, probably none on ‘hospitalization or death’ and effects on symptom resolution are uncertain.
Molnupiravir was safe during the study period in outpatients although a potential increase in inpatient mortality
requires careful monitoring in ongoing clinical research. Our analysis does not support routine use of molnupir-
avir for COVID-19 treatment in immunocompetent individuals.

Introduction

During the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic, approved antivirals and various drug
candidates with broad antiviral activity have been repurposed
in efforts to improve the clinical course of coronavirus disease
2019 (COVID-19). The nucleoside analogue prodrug remdesivir
was the first repurposed antiviral with a proven clinical effect in

hospitalized patients.* The antiviral effect of nucleoside analo-
gues is based on their ability to abrogate viral replication. Like
other antivirals, nucleoside analogues are considered most ef-
fective when used early after infection during high-level viral rep-
lication based on their mode of action. Accordingly, early
treatment with remdesivir of outpatients with risk factors
seemed more beneficial than inpatient treatment.’™* However,
remdesivir can only be administered IV. Consequently, there is
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a high need for effective orally available antiviral drugs in order to
support early COVID-19 therapy in the outpatient setting. To
date, there are two oral treatment options available in many
countries: nirmatrelvir (a protease inhibitor co-administered
with ritonavir) and molnupiravir.

Molnupiravir [MK-4482; Emory Institute for Drug Development
(EIDD)-2801] was granted emergency use authorization for early
treatment of COVID-19 in the USA, UK and other countries in
December 2021. It is a prodrug of the ribonucleoside analogue
B-o-N“*-hydroxycytidine (NHC, EIDD-1931), which was initially
identified during a screening campaign for antiviral molecules
against influenza A virus and respiratory syncytial virus.*> NHC
has a broad antiviral spectrum in vitro that includes SARS-CoV-2
and other human coronaviruses.>” EIDD-2801, a synthesized
prodrug of NHC with increased oral bioavailability, demonstrated
activity against SARS-CoV-2 in animal models, supporting its
evaluation in clinical trials on COVID-19.%8

Results from the MOVE-OUT Phase 3 trial published in
December 2021 showed a significant reduction in ‘hospitalization
or death’ in unvaccinated outpatients with COVID-19 who were
treated with molnupiravir [absolute risk reduction (ARR) 2.9%].°
However, these results did not meet the high expectations raised
by an interim analysis suggesting a much greater effect (ARR
6.8%)."%* More recently, the results of the Oxford PANORAMIC
trial indicated no reduction in the low rates for hospitalization
or death among vaccinated outpatients with risk factors treated
with molnupiravir.'? Moreover, safety concerns have been raised
based on its cytotoxic and mutagenic potential'*'* and terato-
genic effects in an animal reproduction study.!* We set out to
provide a systematic review and meta-analysis of the most re-
cent evidence evaluating the efficacy and safety of molnupiravir
in order to support guideline development and clinical decision
making.

Methods

The protocol for this systematic review was registered on the
International prospective register of systematic reviews (PROSPERO, iden-
tifier CRD42022306644) and made publicly available on 25 January 2022.

Eligibility criteria
Types of studies
Eligibility was restricted to randomized controlled trials (RCTs). We consid-

ered studies reported as full text only, either published as preprint or in a
journal.

Types of participants

Included studies involved patients irrespective of age and sex with sus-
pected or laboratory-confirmed SARS-CoV-2 infection. This includes
symptomatic infection, mild disease (outpatient), moderate or severe
disease (inpatient).

Types of interventions

We considered studies comparing molnupiravir (any dose regimen) in
combination with standard of care (SoC) or alone versus SoC and/or
placebo.

Types of outcome measures

We included studies irrespective of reported outcomes. We analysed the
following outcomes:

1) Ambulatory managed individuals with asymptomatic or mild

COVID-19 (outpatients):

+ All-cause mortality at Day 28, Day 60, time-to-event and up to longest
follow-up;

+ Admission to hospital or death within 28 days;

* Resolution of COVID-19 symptoms:

o Allinitial symptoms resolved (asymptomatic) at Day 14, Day 28 and
up to longest follow-up;
o Duration to symptom resolution.

* Quality of life, including fatigue and neurological status, assessed with
standardized scales (e.g. WHOQOL-100) at up to 7 days, up to 28 days
and longest follow-up available.

2) Hospitalized individuals with moderate to severe COVID-19

(inpatients):

+ All-cause mortality at Day 28, Day 60, time-to-event, and at hospital
discharge;

« Clinical status at Day 28, Day 60, and up to longest follow-up, including:
o Worsening of clinical status: participants with clinical deterioration

(new need for invasive mechanical ventilation) or death;
o Improvement of clinical status: participants discharged alive;

* Quality of life.

3) Safety of molnupiravir:

« Serious adverse events during the study period, defined as number of
participants with any event;

+ Adverse events (any grade) during the study period, defined as the
number of participants with at least one adverse event independent
of event and evaluated association with study drug;

 Long-term adverse events.

A deviation of +1 day in the reported outcome was acceptable if no
assessment on Days 14, 28 or 60 was available.

Information sources and search strategy

We searched the Cochrane COVID-19 Study Register (comprising
MEDLINE, Embase, clinicaltrials.gov, WHO International Clinical Trials
Registry Platform, medRxiv and the Cochrane Central Register of
Controlled Trials), Web of Science (Science Citation Index and Emerging
Sources Citation Index) and the WHO COVID-19 Global literature on cor-
onavirus disease until 1 November 2022. We updated information re-
garding PANORAMIC, which was already included as preprint but whose
full-text was published after the search date. There were no restrictions
regarding language or reporting status. The full search strategy can be
found in Appendix S1 (available as Supplementary data at JAC Online).

Data collection and analysis

Selection of studies

Two review authors (N.K. and N.S.) independently screened the titles and
abstracts to identify potentially relevant RCTs. We then obtained full-text
articles of all potentially relevant citations. Any disagreements regarding
RCT selection were resolved by consulting a third review author (J.J.M.).
The entire study selection process was reported according to PRISMA
guidelines.'®

Data collection

Two review authors independently performed data extraction in accord-
ance with the Cochrane Handbook for Systematic Reviews of
Interventions. Multiple reports of the same study were collated so that
the study, rather than the report, was the unit of analysis. We extracted
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data on study characteristics, outcome measures, financial support and
sponsoring, and disclosure of conflicts of interest.

Assessment of risk of bias in included studies

Two review authors (N.K. and N.S.) independently assessed the risks of
bias in studies fulfilling the review inclusion criteria using Cochrane’s
‘Risk of bias 2.0’ tool.'® Disagreements were resolved by discussion or
by involving a third author where necessary. For each domain, we classi-
fied the study as having a low, some concerns or high risk of bias.

Data synthesis

Meta-analyses were based on the recommendations from the Cochrane
Handbook.!” We synthesized data using the package ‘meta’ version 5.2-0
in R.*® For outpatient and inpatient studies, separate analyses were per-
formed. Measures of effect were risk ratios (RRs), HRs or mean differ-
ences. For binary outcomes, the number of affected participants and
the number of participants per group were recorded. Analyses were per-
formed using the Mantel-Haenszel method under a random-effects
model to report pooled RRs with 95% CIs. No meta-analyses on continu-
ous outcomes were performed.

Analysis of subgroups or subsets

We performed post hoc subgroup analyses of vaccination status (one or
more doses versus no vaccination) because vaccination status is consid-
ered a potential effect modifier. We used the test for subgroup differ-
ences and considered P<0.05 as statistically significant. We could not
perform subgroup analyses on age (>65 years or below) and dose due
to lack of data.

Sensitivity analysis
In sensitivity analyses, we compared fixed-effects versus random-effects

models and excluded studies at high or some concerns regarding risk of
bias.

Certainty of evidence

The certainty of the evidence was assessed using the GRADE (Grading of
Recommendations, Assessment, Development and Evaluations) ap-
proach.’® GRADE has four levels of certainty: very low, low, moderate
and high. We downgraded our certainty of evidence one or two levels
for risk of bias, imprecision, inconsistency, indirectness and probability
of publication bias. Sensitivity analyses were used to inform GRADE. For
interpretation of findings, we combined size and certainty of an effect.
To communicate findings, we used informative statements as described
by Santesso et al.?® The credibility of subgroup effects was evaluated
using the Instrument for assessing the Credibility of Effect Modification
Analyses (ICEMAN) for meta-analyses.?!

Results

Search

The search strategy identified a total of 519 records (e.g. full-text
journal publications, study registry entries, study protocols, sec-
ondary study publications). After removal of 116 duplicate stud-
ies, 403 titles and abstracts were screened by two authors (N.S.
and N.K.) and assessed for relevance. Based on title and abstract,
306 abstracts were excluded. Full-text screening of 97 records re-
vealed 56 records for exclusion of which 38 records belonged to
24 studies registered in study registries (currently ongoing or not
yet recruiting); one study was a non-RCT, one study a platform
trial, seven records of two studies were conducted in healthy

individuals, three were press releases of included studies, and
six were records of abstracts/press releases of ongoing or unpub-
lished studies. Nine studies with 41 records, also comprising mul-
tiple study registry entries, were included in this review. Results of
seven trials were published in peer-reviewed journals,”??7?” and
the results of two trials are available as preprints.???8 The flow
diagram with reasons for exclusion of records is summarized in
Figure 1.

Study characteristics

In total, 29 558 participants in nine RCTs were eligible (for individ-
ual study details, see Table 1).21%22728 The Phase 3 PANORAMIC
trial was the largest trial, contributing 25783 outpatients (87%
of all available study data) from the UK recruited between
December 2021 and April 2022. Six trials were multicentre trials
conducted in the UK,?” USA,** India®® or internationally.??>®
Two trials were conducted at single centres in China** and the
UK, respectively.?? Seven out of eight studies on outpatients in-
cluded patients with mild COVID-19 defined according to the
study protocols (WHO scale 2-3). Another small Phase 3 single-
centre study from China contributed 116 patients with mild
(96%) to moderate (4%) disease who were hospitalized only for
the trial conduct and therefore categorized as outpatients in
this meta-analysis.’* At least one risk factor for severe
COVID-19 was present in 61%,%* 75%,%> 83%"2 and 100%° of
the included outpatients. Risk factors were defined by the re-
spective study protocols,*#?*2> whereas age >60 years was
considered as an independent risk factor for all included trials.
PANORAMIC characterized participants as ‘at risk’ or ‘extremely
vulnerable’ according to former priority criteria defined by the
UK National Health Service.'” MOVe-IN?® with 304 participants
is the only trial that included hospitalized, non-critically-ill
COVID-19 patients (WHO scale 4-5).%°

All studies included participants with laboratory-confirmed
COVID-19 by a nucleic acid amplification test (preferred method)

519 records identified through
database searching

T 116 duplicate records
403 records screened after

duplicates removed (titles and
abstracts)

306 records excluded based on
> titles and abstracts

A 4

97 records assessed for eligibility
as full-texts

56 records excluded

Reasons:

e 1 study non-RCT

e 1 platform trial

e 38 study registry entries (24
ongoing studies)

e 7 in healthy participants (2

studies)

3 press releases

e 6 records abstract/PR only

y

9 studies (in 41 records incl.
study registry entries) included in .
systematic review

Figure 1. Flow diagram for identification of eligible clinical trials. PR, press
release.
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Molnupiravir Placebo/SoC Weight Weight Risk Ratio Risk Ratio

Study Events Total Events Total (common) (random) MH, Fixed + Random, 95% C| MH, Fixed + Random, 95% CI

AGILE Phase 2 0 90 0 90 0.0% 0.0%

MOVe-OUT Phase 2 0 225 1 74 13.8%  15.6% 0.11[0.00; 2.67] ——

MOVe-OUT Phase 3 1 709 9 699 555%  31.9% 0.11[0.01; 0.86] ——

PANORAMIC 3 12529 5 12525 30.6% 52.5% 0.60 [0.14; 2.51] —h—

Tippabhotla 2022 0 610 0 610 0.0% 0.0% ;

Total (fixed effect, 95% CI) 14163 13998  100.0% = 0.26 [0.09; 0.73] ---

Total (random effects, 95% CI) --  100.0% 0.27 [0.07; 1.02] —e—

Heterogeneity: Tau® = 0.3580; Chi® = 2.20, df =2 (P = 0.33); I’ = 9% I T T ‘
0.01 01 1 10 100

Molnupiravir Placebo/SoC

Figure 2. Association between molnupiravir and all-cause mortality by Day 28 in outpatients. MH, Mantel-Haenszel method. This figure appears in
colour in the online version of JAC and in black and white in the print version of JAC.

or authorized antigen test (Table 1). Six studies included only un-
vaccinated patients,??223:25:26,:28 \yhareqs three studies included
patients having received at least one vaccine dose (50%2%” and
99%"? of participants, respectively) or having received at least
two vaccine doses (92%2“ of participants). In consequence, at
least 88% of all outpatients included in the systematic review re-
ceived at least one vaccine dose. Of 99% of patients with at least
one dose included in PANORAMIC, 93% had received three vac-
cine doses (82% of the total outpatient population).
Molnupiravir was investigated at different doses from 200 to
800 mg and compared with either placebo (five double-blinded
trials®?32°727) or SoC (four open-label trials).'????*?8 Based on
exposure-response analyses from Phase 2 trials, the most recent
and largest Phase 3 trials (PANORAMIC and MOVe-OUT Phase 3)
investigated the 800 mg dose of molnupiravir only.

In the outpatient setting, the PANORAMIC trial with 88% of all
participants included in this systematic review and another four
studies contributing 6% investigated participants within 5 days
of symptom onset.?*#2%2427 In gddition, two studies included
COVID-19 participants within 7 days of symptom onset?**> and
one study?® included patients irrespective of symptom duration
(54% randomized within 3 days of symptom onset). In the in-
patient study, treatment was initiated within 10 days of symp-
tom onset.?®

Risk of bias in included studies

In total, the nine studies contributed results to five outcomes for
outpatients and three outcomes for inpatients of this review that
were assessed using the ‘Risk of bias 2.0’ tool (Table S1). For out-
patients, the outcome all-cause mortality was rated as low risk of
bias for all five studies that reported the outcome. The combined
outcome ‘hospitalization or death’ at Day 28 was rated as low risk
of bias in one study,’’ and of some concern in four out of five
studies®1%?>?8 due to a lack of criteria for hospitalizations in
four studies and additional lack of reporting in one study.?®
From studies that reported adverse events and serious adverse
events, for these outcomes, two were rated as high risk of bias
due to possible differences in outcome measurement between
groups®? or attrition bias,** three were rated as having some con-
cerns due to a general lack of blinding in the studies®® and un-
availability of protocol,?® and three studies were considered as
being at low risk of bias.?>?’ Symptom resolution on Days 14
and 28 was rated as low risk in one study?’ and as some concerns
in four studies'*?#?>?% due to a lack of protocol?**® and

unblinded participants.’??2?8 It was rated as high risk of bias in
two studies due to potential selective reporting.”*° The one study
that reported on inpatients?® had a low overall risk of bias for all
assessed outcomes.

Efficacy in outpatients with COVID-19

Early treatment with molnupiravir does not reduce all-cause
mortality by Day 28 in COVID-19 outpatients (eight deaths fewer
per 10000; RR 0.27, 95% CI 0.07-1.02, 28161 participants, five
studies, high-certainty evidence; Figure 2 and Table 2). The risk
of dying with placebo/SoC was very low (11 per 10000) in the
control group.

Molnupiravir probably does not reduce hospitalization or
death by Day 28 (two events fewer per 1000; RR 0.81, 95% (I
0.55-1.20, 28 161 participants, five studies, moderate-certainty
evidence; Figure 3 and Table 2) compared with placebo/SoC.
We are uncertain whether molnupiravir increases symptom reso-
lution by Day 14 (52 events more per 1000; RR 1.20, 95% CI 1.02-
1.41, 23773 participants, five studies, very low-certainty evi-
dence due to serious risk of bias and very serious inconsistency;
Figure 4 and Table 2) compared with placebo/SoC. Molnupiravir
may make no difference on symptom resolution by Day 28 (RR
1.05, 95% CI 0.92-1.19, 24874 participants, four studies, low-
certainty evidence due to serious risk of bias and serious incon-
sistency; Figure 5 and Table 2). Sensitivity analysis using the
fixed-effects model favours molnupiravir due to the larger weight
of PANORAMIC (RR 1.14, 95% CI 1.12-1.16; Figure 5) at Day 28.

The subgroup analysis on vaccination status showed no differ-
ence for molnupiravir on all-cause mortality by Day 28 between
vaccinated and unvaccinated patients (P=0.14; Figure S1).
Although tests for subgroup differences were significant for ‘hos-
pitalization or death’ by Day 28 (P=0.03; Figure S2), symptom
resolution by Day 14 (P<0.01; Figure S3), and symptom reso-
lution by Day 28 (P=0.02; Figure S4), credibility of these sub-
groups was rated as low according to the ICEMAN criteria*
particularly due to between-trial effects and the small number
of trials (n=1) for the subgroup including vaccinated participants
(Table S2). Quality of life was not reported in any study.

Safety in outpatients with COVID-19

Compared with placebo/SoC, molnupiravir has little or no differ-
ence on adverse events (RR 0.98, 95% CI 0.89-1.08, 3435 partici-
pants, seven studies, high-certainty evidence; Figure 6 and
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Table 2. Meta-analysis of efficacy and safety outcomes of molnupiravir versus control in outpatients with COVID-19

Absolute effect
estimates (95% CI)

Risk ratio, Overall risk
MH, random Placebo/ of bias per

Outcome Study population (95% CI) SoC Molnupiravir  Heterogeneity outcome Certainty of evidence

All-cause mortality 28161 participants,  0.27 (0.07- 11 per 3 per 10000 Chi?=2.20,df=2 Low High-certainty evidence
by Day 28 5 studies®'#2>2728  102) 10000 (P=0.33); I’=

Difference: 8 fewer per 9%
10000
(95% CI: 10 fewer to
0 fewer)

Hospitalization or 28161 participants,  0.81 (0.55- 12 per 10 per 1000 Chi?=6.08, df=3 Unclear Moderate-certainty evidence

death by Day 28 5 studies®'#2>27:28 1 20) 1000 (P=0.11); I’= due to serious risk of bias®
Difference: 2 fewer per ~ 51%
1000
(95% CI: 5 fewer to 2
more)
Symptom resolution 23773 participants,  1.20 (1.02- 259 per 311 per Chi2=49.78, df=  Unclear Very low-certainty evidence
by Day 14 5 1.41) 1000 1000 4 (P<0.01);I2= due to serious risk of bias®
studies!22:2>:27:28 Difference: 52 more per ~ 92% and very serious
1000 inconsistency®
(95% CI: 5 more to
106 more)
Symptom resolution 24874 participants,  1.05 (0.92- 603 per 633 per Chi2=6.61, df=3 Unclear Low-certainty evidence due to
by Day 28 4 studies!?222>27 1.19) 1000 1000 (P=0.09); I’= serious risk® of bias and
Difference: 30 more per  55% serious inconsistency®
1000
(95% CI: 48 fewer to
115 more)

Any adverse events 3435 participants, 0.98 (0.89- 274 per 269 per Chiz=3.19, df=6 Low High-certainty evidence
during the study 7 studies®?272>27:28 1 08) 1000 1000 (P=0.79); I’=
period Difference: 5 fewer per 0%

1000
(95% CI: 30 fewer to
22 more)

Serious adverse 29143 participants,  0.85 (0.59- 8 per 7 per 1000 Chi?=4.90, df=4 Unclear Moderate-certainty evidence
events during the 8 studies®??272>27  1.22) 1000 (P=0.30); 2= due to serious risk of bias®
study period Difference: 1 fewer per  18%

1000
(95% CI: 3 fewer to 2
more)

MH, Mantel-Haenszel method; SoC, standard of care.

“Downgraded one level for serious study limitations: some concern in four studies due to a lack of criteria for hospitalizations in four studies and add-
itional lack of reporting in one study.

PDowngraded one level for serious study limitations: some concerns in four studies due to a lack of protocol and unblinded participants; high risk of bias
in two studies due to potential selective reporting.

“Downgraded two levels due to very serious inconsistency: heterogeneity in outcome definitions, considerable statistical heterogeneity.
9Downgraded one level for serious inconsistency: heterogeneity in outcome definitions, moderate statistical heterogeneity.

*Downgraded one level for study limitations: high risk of bias in two studies due to possible differences in outcome measurement between groups or
attrition bias; some concerns in three studies due to lack of blinding and unavailability of protocol.
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Figure 3. Association between molnupiravir and hospitalization or death by Day 28 in outpatients. MH, Mantel-Haenszel method. This figure appears
in colour in the online version of JAC and in black and white in the print version of JAC.
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Figure 4. Association between molnupiravir and symptom resolution by Day 14 in outpatients. MH, Mantel-Haenszel method. This figure appears in

colour in the online version of JAC and in black and white in the print version of JAC.
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Figure 5. Association between molnupiravir and symptom resolution by Day 28 in outpatients. MH, Mantel-Haenszel method. This figure appears in

colour in the online version of JAC and in black and white in the print version of JAC.
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Figure 6. Association between molnupiravir and adverse events in outpatients. MH, Mantel-Haenszel method. This figure appears in colour in the on-
line version of JAC and in black and white in the print version of JAC.
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Table 3. Meta-analysis of efficacy and safety outcomes of molnupiravir versus control in inpatients with COVID-19

Absolute effect estimates

(95% CI)
Risk ratio, MH, Risk of
Outcome Study population random (95% CI)  Placebo/SoC  Molnupiravir Heterogeneity  bias Certainty of evidence
All-cause mortality by 293 participants, 1 3.78 (0.50-28.82) 13 per 1000 49 per 1000 na Low Low-certainty evidence

Day 28 study?®

Any adverse events
during the study
period

293 participants, 1 0.90 (0.73-1.12)
study?®

Serious adverse events 293 participants, 1 0.95 (0.52-1.73)

Difference: 36 more per 1000
(95% CI: 7 fewer to 362
more)

due to very serious
imprecision®

613 per 1000 552 per na Low Moderate-certainty
1000 evidence due to serious
Difference: 61 fewer per 1000 imprecision®
(95% CI: 166 fewer to 74
more)
160 per 1000 152 per na Low Moderate-certainty
1000 evidence due to serious

during the study study®®

period

Difference: 8 fewer per 1000

imprecision®

(95% CI: 77 fewer to 117

more)

MH, Mantel-Haenszel method; na, not applicable; SoC, standard of care.

“Downgraded two levels for very serious imprecision: very small number of events, very large 95% CI; possibility for either benefit or harm.
Downgraded one level for serious imprecision: small sample size, effect estimate includes both benefit and harm.

Table 2) and probably little or no effect on serious adverse events
(RR 0.85, 95% CI 0.59-1.22, 29143 participants, eight studies,
moderate-certainty evidence; Figure 7 and Table 2) during the
study period. Certainty of evidence for serious adverse events
was downgraded for serious risk of bias due to open-label study
design (Table S1). The largest trial (PANORAMIC) only reported on
serious adverse events. The subgroup analysis on vaccination
status showed no evidence for a difference for molnupiravir on
adverse events (P=0.48; Figure S5) or serious adverse events (P
=0.08; Figure S6) between vaccinated and unvaccinated pa-
tients. Long-term adverse events were not reported in any study.

Efficacy in inpatients with COVID-19

In hospitalized patients, molnupiravir may increase all-cause
mortality by Day 28 compared with placebo/SoC (RR 3.78, 95%
CI 0.50-28.82, 293 participants, one study, low-certainty evi-
dence; Table 3). Certainty of evidence for all-cause mortality
was downgraded for very serious imprecision due to low events
and wide CIs (Table S1). Changes in clinical status and quality
of life were not reported.

Safety in inpatients with COVID-19

Molnupiravir compared with placebo/SoC has probably little or no
difference on overall adverse events (RR 0.90, 95% CI 0.73-1.12,
293 participants, one study, moderate-certainty evidence;
Table 3) and overall serious adverse events (RR 0.95, 95% CI
0.52-1.73, 293 participants, one study, moderate-certainty evi-
dence; Table 3) during the study period. Certainty of evidence
for safety outcomes was downgraded for serious imprecision
due to wide CIs or few events (Table S1). Long-term adverse
events were not reported in any study.

Discussion

Discussion of main results

Based on our systematic review of eight RCTs including 29254
vaccinated and unvaccinated outpatients with mild to moderate
COVID-19, early treatment with molnupiravir has no effect on
mortality in the studied outpatient population. Our results do
not support an increased benefit on mortality in unvaccinated
outpatients because subgroup analysis did not find a significant
difference in the outcome compared with vaccinated individuals
(Figure S1). However, the number of participants and events
in the unvaccinated subgroup was low, thereby limiting the
interpretation of this finding. We found that early treatment
with molnupiravir probably does not reduce the combined out-
come ‘hospitalization or death’ by Day 28. In this aspect our
meta-analysis, which includes recent results of the PANORAMIC
trial, contrasts with earlier findings of the pivotal MOVe-OUT
Phase 3 trial, which indicated a moderate but statistically signifi-
cant reduction in the combined outcome (—3% ARR, 95% CI —5.9
to —0.1).° PANORAMIC and MOVe-OUT differed in their study po-
pulations (vaccinated versus unvaccinated) and were conducted
in settings of differing dominant viral variants (omicron versus
delta/mu), both of which may have contributed to lower morbid-
ity and mortality observed in the PANORAMIC trial.”*° Subgroup
analyses on hospitalization or death by Day 28 for studies includ-
ing unvaccinated versus vaccinated participants indicated that
molnupiravir may slightly decrease the combined outcome in
an unvaccinated population (P=0.03 for group difference;
Figure S2), supporting the hypothesis that differences in vaccin-
ation status may have contributed to differences in study results
for this outcome. However, the credibility of these subgroup ef-
fects was rated as low (Table S2). We suggest to focus on the
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Figure 7. Association between molnupiravir and serious adverse events in outpatients. MH, Mantel-Haenszel method. This figure appears in colour in

the online version of JAC and in black and white in the print version of JAC.

overall effect estimate until data with higher credibility for sub-
group effects are available. We are unsure whether molnupiravir
increases symptom resolution by Day 14 in outpatients due to
very low certainty of evidence. In fact, studies contributing the
majority of patients to this outcome had an open-label design,
which is disadvantageous for assessing a relatively subjective
outcome. There was no effect on symptom resolution by Day
28, which probably reflects the overall mild natural course of
COVID-19 in the majority of infected individuals. Subgroup ana-
lysis on symptom resolution by Day 14 and Day 28 showed sig-
nificant group differences for studies including vaccinated
versus unvaccinated patients (P<0.01 and P=0.01, respectively;
Figure S3-4) pointing towards a more pronounced effect of mol-
nupiravir in vaccinated individuals based on results of the
PANORAMIC trial. However, the credibility of these subgroup ef-
fects was rated as low (Table S2). In the meta-analysis, molnupir-
avir had a favourable safety profile in outpatients with COVID-19
during the study period because it had little or no effect on the
incidence of adverse events and serious adverse events in doses
up to 800 mg twice daily compared with placebo.

For inpatients with COVID-19, we identified one RCT with 304
patients. Based on limited available data of the MOVe-IN trial,
molnupiravir may increase mortality compared with placebo
whereas it has little or no effect on other serious adverse and
adverse events. It should be mentioned that the majority of pa-
tients (~57%) had a mild or moderate disease (no supplemental
oxygen) although being hospitalized. In theory, differences in
mortality might have been influenced by concomitant adminis-
tration of remdesivir (22.6% versus 25.6%) or corticosteroids
(65% versus 73.1%) in intervention versus placebo arms.
Another influencing factor might be a slightly higher proportion
of patients with two or more risk factors for progressive disease
included in the molnupiravir arm (36.7% versus 30.8%).%°
Further RCTs are required to determine the role of molnupiravir
for patients hospitalized for COVID-19, and such trials are
ongoing.*®

Agreements and disagreements with other studies or
reviews

Lawrence et al. conducted a meta-analysis of four RCTs including
COVID-19 outpatients: PANORAMIC, MOVe-OUT, Tippabhotla

et al. and another Indian trial not included in our analysis of
which preliminary data were published in the Conference on
Retroviruses and Opportunistic Infections in February 2022.°*
The authors found no effect of molnupiravir on their key out-
come, hospitalization (RR 0.71; 95% CI 0.42-1.22), which is in
agreement with our findings.>> The WHO living guideline group
conducted a network meta-analysis that included unpublished
data provided by trial authors. Based on six RCTs with 4796 out-
patients, the guideline panel concluded in May 2022 that molnu-
piravir may have a small effect on mortality and probably reduces
hospital admission.?* Based on the inclusion of unpublished data
we cannot evaluate the quality of additionally included data or
subgroup analyses with respect to vaccination status and time
frame of inclusion. However, MOVe-OUT Phase 3 and other RCTs
that recruited unvaccinated patients most probably have contrib-
uted substantially to the measured effect whereas the largest
outpatient trial (PANORAMIC) with 25 783 participants was not in-
cluded. We assume that interpretation and recommendations
regarding molnupiravir may be updated when more recent
data from PANORAMIC are being included in the WHO network
analysis.

Other meta-analyses included up to five RCTs for efficacy out-
comes, all of which are included in our analysis.**>” Wen et al.?’
included one RCT and two press releases of an interim analysis of
MOVe-OUT Phase 3 and the above mentioned Phase 3 trial from
India,>! which was not included in the present meta-analysis be-
cause of incomplete publication of trial protocol and data.
Moreover, some concerns on data validity have been raised
based on study registry entries.*®3° One meta-analysis focused
on safety outcomes based on four RCTs all of which were included
in the present analysis.

More recently, several observational studies on molnupiravir
were published.*9** Zheng et al.*? found that outpatients trea-
ted with molnupiravir (1=2689) had a higher risk of hospitaliza-
tion or death within 28 days compared with patients treated with
the monoclonal antibody sotrovimab (n=3331). There was no
control group to assess the overall effect of molnupiravir. Arbel
et al.** used a Cox proportional regression model adjusting for co-
morbidities and COVID-19 immunity to compare outcomes of
1069 outpatients treated with molnupiravir with untreated con-
trols (N=18799). Among patients aged 65 and above they found
that molnupiravir reduced the risk of hospitalization (HR 0.55;
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95% CI 0.34-0.88) whereas this was not the case for younger in-
dividuals. Two studies investigated the use of molnupiravir in
hospitalized patients. Wong et al.“° compared 1856 patients
without supplemental oxygen who were admitted within
5 days of symptom onset and treated with molnupiravir during
the omicron BA.2 surge in Hong Kong with 1856 matched con-
trols. The authors concluded there was a reduced risk of all-cause
mortality among molnupiravir recipients (crude incidence rate
19.98 versus 38.07 events per 10000 person-days, HR 0.48;
95% CI 0.4-0.59). Of note, the rate of fully vaccinated partici-
pants was only about 6% and 9% in molnupiravir and control
groups, respectively. It remains unclear why 13% of the molnu-
piravir group and 20% of the control group received dexametha-
sone, which is not recommended in COVID-19 patients not
requiring supplemental oxygen because increased mortality
has been described.**™*® Flisiak et al.** compared outcomes of
203 patients from a Polish national registry who were hospita-
lized during the omicron surge and treated with molnupiravir
with 387 unmatched controls who did not receive any antiviral
treatment. The authors observed a significant reduction in mor-
tality during a 28 day follow-up (9.9% versus 16.3%). In this
retrospective study, vaccination status was not available and
more patients in the control arm received concomitant dexa-
methasone or baricitinib compared with the molnupiravir arm.

In conclusion, one observational study points towards a re-
duced risk of hospitalization among outpatients aged 65 or above
who were treated with molnupiravir. Unfortunately, subgroup
analysis for age was not feasible in our meta-analysis to further
evaluate this factor. There is limited evidence for a mortality re-
duction in hospitalized patients from observational data, which
may be influenced by differences in immunization and concomi-
tant COVID-19 treatments. Nonetheless, results from observa-
tional studies may also indicate potential benefit of
molnupiravir for hospitalized risk groups who are currently not
covered by existing RCTs.

Limitations

There are inherent limitations to the external validity of the trials
included in this meta-analysis that are related to the highly dy-
namic pandemic situation. First, changes in levels of population
immunity, SARS-CoV-2 variant pathogenicity, and drug suscepti-
bility may affect the relative benefit of antiviral drugs and the ap-
plicability of study results obtained in the past to the present. Of
note, in vitro studies suggest sustained molnupiravir activity
against all tested SARS-CoV-2 variants.*~>?

A general limitation is that included RCTs did not focus on
high-risk patients with severe immunosuppression, precluding
any conclusions on effects in this vulnerable group. Another limi-
tation is that subgroup analyses for vaccination status were not
feasible at a patient level due to the lack of raw data. Our analysis
was therefore limited to compare studies exclusively including
unvaccinated participants with participants of the PANORAMIC
trial (at least 99% of whom had received at least one vaccine
dose). In addition, subgroup analyses on different status of im-
munization (number of vaccine doses, previous infections) or
other specific risk factors were not feasible due to lack of data.
Due to differences in reporting of included age groups, we were
also unable to conduct subgroup analyses for different age

categories. This is particularly limiting because age-specific ef-
fects of molnupiravir and another oral antiviral, nirmatrelvir,
have been demonstrated in observational studies including vac-
cinated COVID-19 patients. 334

The meta-analysis based on eight studies with 29 254 outpa-
tients indicates a favourable safety profile. Here, one limitation is
that PANORAMIC only reported on serious adverse events. In add-
ition, none of the studies reported on long-term adverse events.
Concerns on the safety of molnupiravir have arisen from preclin-
ical experiments and its mode of action. In in vitro studies, pro-
longed exposure to high doses of molnupiravir was associated
with mammalian host cell DNA mutagenesis.'® Moreover, con-
centrations higher than those obtained by standard dosing re-
sulted in teratogenic effects in an animal reproduction study.?
Although our analysis does not indicate harms in outpatients re-
ceiving a standard course of treatment, mutagenic or teratogenic
effects were not specifically assessed and their identification
may require prolonged follow-up.**

Conclusions

Our meta-analysis indicates that early molnupiravir treatment in
a community of predominantly immunized COVID-19 outpati-
ents does not reduce mortality and probably does not reduce
the risk for the combined endpoint ‘hospitalization or death’.
The evidence is uncertain about beneficial effects on symptom
resolution. Subgroup analyses did not identify a consistent bene-
fit of molnupiravir in unvaccinated COVID-19 outpatients but
were limited by low numbers of unvaccinated participants and
events. For inpatient treatment, we found a potential increase
in mortality, which requires careful monitoring in ongoing clinical
trials. We therefore conclude that current data do not support
routine use of molnupiravir in immunocompetent individuals
with COVID-19. There are limited data on high-risk groups, includ-
ing patients with severe immunosuppression, who may benefit
from antiviral treatment. Controlled clinical trials comparing mol-
nupiravir and other antivirals in high-risk groups could provide
additional insights to guide treatment recommendations.
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