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ABSTRACT

Introduction: Molnupiravir (MOV) is an oral
antiviral for the treatment of individuals with
mild-to-moderate COVID-19 and at high risk of
progression to severe disease. Our objective was
to conduct a systematic literature review (SLR) of
evidence on the effectiveness of MOV in reduc-
ing the risk of severe COVID-19 outcomes in
real-world outpatient settings.

Methods: The SLR was conducted in accord-
ance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses 2020 guide-
lines and using pre-determined population,
intervention, comparison, outcome, time, and
study design inclusion criteria. Eligible studies
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were published between January 1, 2021, and
March 10, 2023, and evaluated the real-world
effectiveness of MOV compared to no treat-
ment in reducing the risk of severe COVID-19
outcomes among outpatients > 18 years of age
with a laboratory-confirmed diagnosis of SARS-
CoV-2 infection.

Results: Nine studies from five countries
were included in the review. The size of the
MOV-treated group ranged from 359 to 7818
individuals. Omicron variants of SARS-CoV-2
were dominant in all study periods. Most stud-
ies noted differences in the baseline character-
istics of the MOV-treated and untreated con-
trol groups, with the treated groups generally
being older and with more comorbidities. Eight
studies reported that treatment with MOV was
associated with a significantly reduced risk of
at least one severe COVID-19 outcome in at
least one age group, with greater benefits con-
sistently observed among older age groups.
Conclusions: In this SLR study, treatment
with MOV was effective in reducing the risk
of severe outcomes from COVID-19 caused by
Omicron variants, especially for older indi-
viduals. Differences in the ages and baseline
comorbidities of the MOV-treated and control
groups may have led to underestimation of the
effectiveness of MOV in many observational
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studies. Real-world studies published to date
thus provide additional evidence supporting
the continued benefits of MOV in non-hospi-
talized adults with COVID-19.

PLAIN LANGUAGE SUMMARY

COVID-19 continues to be a major source of
morbidity and mortality. Throughout the pan-
demic, many countries authorized various thera-
pies for the treatment of individuals presenting
with mild-to-moderate COVID-19 and at high
risk of progression to severe disease. Some of
these therapies have since been rendered ineffec-
tive due to the emergence of Omicron variants
in late 2021. The objective of the current study
was to conduct a systematic literature review to
assess real-world evidence on the effectiveness
of molnupiravir, including effectiveness against
COVID-19 caused by Omicron variants, to sup-
plement the findings of the MOVe-OUT clinical
trial and further inform on the potential clini-
cal benefit and utility of this antiviral agent.
Nine studies were included in the systematic
literature review. We found that treatment with
molnupiravir was effective in reducing the risk
of severe outcomes from COVID-19 caused by
Omicron variants, especially for older individu-
als. Differences in the ages and baseline comor-
bidities of the molnupiravir-treated and control
groups may have led to underestimation of the
effectiveness of molnupiravir in many observa-
tional studies. In summary, real-world effective-
ness studies provide additional evidence sup-
porting the continued benefits of molnupiravir
in non-hospitalized adults with COVID-19.

Keywords: COVID-19; Lagevrio; Molnupiravir;
Real-world studies; Systematic literature review

Why carry out this study?

Throughout the pandemic, many countries
authorized various therapies for the treat-
ment of individuals presenting with mild-
to-moderate COVID-19 and at high risk of
progression to severe disease, but some of
these therapies have since been rendered
ineffective due to the emergence of Omicron
variants in late 2021.

Our objective was to conduct a systematic
literature review of evidence on the effective-
ness of molnupiravir in reducing the risk of
severe COVID-19 outcomes in real-world
outpatient settings.

What was learned from the study?

We identified nine real-world studies—all of
which were conducted when Omicron vari-
ants of SARS-CoV-2 were dominant—that
assessed the effectiveness of molnupiravir
among non-hospitalized adults at high risk of
progression to severe COVID-19, compared
to controls who were not treated with any
approved antiviral agent.

These real-world data provide additional
clinical evidence in support of the continued
benefits of molnupiravir in treating COVID-
19 caused by Omicron variants of SARS-
CoV-2, especially for older individuals.
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INTRODUCTION

COVID-19 continues to be a major source
of morbidity and mortality: in November
2023, the World Health Organization (WHO)
reported >9400 new cases and>120 deaths
attributable to COVID-19 per week [1]. Due to
decreases in testing, monitoring, and surveil-
lance activities over time [2, 3], and especially
since the WHO declared in May 2023 that the
global health emergency had ended [4], both
cases and deaths are likely under-reported;
wastewater surveillance data suggest that clini-
cal detection underestimates global cases 2- to
19-fold [S] and global excess mortality data sug-
gest that the true COVID-19 mortality rate may
be up to 2.7-fold higher than stated in official
figures [6].

Severe COVID-19 outcomes—including hospi-
talization, intensive care unit (ICU) admission,
invasive mechanical ventilation (IMV) use, and
death—are more common among individu-
als>65 years of age, those who are immunocom-
promised or immunosuppressed, and those with
certain other underlying medical conditions [7].
Many countries have authorized various thera-
pies at different points during the pandemic for
the treatment of individuals presenting with
mild-to-moderate COVID-19 and at high risk
of progression to severe disease, often via expe-
dited mechanisms such as the Emergency Use
Authorization status used by the US Food and
Drug Administration (FDA) [8]. These therapies
include several monoclonal antibodies (mAbs:
casirivimab, imderimab, bamlavimab, etese-
vimab, and sotrovimab) that have since been
rendered ineffective due to the emergence and
rapid global dominance of Omicron variants of
SARS-CoV-2 in late 2021 [8, 9]. The WHO recom-
mended in May 2022 that these treatments be
used only for individuals with COVID-19 caused
by non-Omicron variants [8].

Several small-molecule drugs that remain
effective against Omicron variants have also
been approved for the treatment of mild-to-
moderate COVID-19 [8]. The first to be approved
by many regulatory agencies (e.g., the US FDA
and the European Medicines Agency [EMA]) was
remdesivir (RDV; Veklury®, Gilead Sciences,

Inc.), an inhibitor of the SARS-CoV-2 RNA-
dependent RNA polymerase enzyme [10, 11].
The use of this therapy has been limited because
a full treatment course requires daily intrave-
nous administration for at least 3 days, repre-
senting a logistical challenge for outpatient use
[10, 11]. The viral protease inhibitor ritonavir-
boosted nirmatrelvir (NRM/r; Paxlovid™, Pfizer)
is an alternative treatment for COVID-19 that
is taken orally and that has been approved by
the FDA and EMA, among others [12, 13]. How-
ever, NRM/r is contraindicated for individuals
with certain pre-existing conditions, including
chronic kidney disease (CKD) and liver diseases,
and also carries an FDA warning for significant
drug-drug interactions caused by the ritona-
vir component, which can increase the blood
concentration of medications that are metabo-
lized by the cytochrome P4503A enzyme [12,
13]. There is thus still an urgent need for effec-
tive antiviral agents that can be taken orally by
individuals at high risk of progression to severe
disease and for whom NRM/r is contraindicated.

Molnupiravir MOV; Lagevrio™, Merck & Co.,
Inc., Rahway, NJ, USA) is an oral antiviral that
has been granted Emergency Use Authoriza-
tion by the FDA for the treatment of mild-to-
moderate COVID-19 in individuals at high risk
of progression to severe disease and for whom
other available antiviral therapies are not acces-
sible or recommended, for example due to CKD
or potential drug-drug interactions with NRM/r
[14-16]. The drug has also been approved or
authorized in many other countries [17-22]. In
the MOVe-OUT phase 3 clinical trial, MOV treat-
ment of non-hospitalized adults reduced the risk
of 29-day all-cause hospitalization or death by
31% and the risk of 29-day all-cause mortality
by 89% compared to placebo [23]. A 2022 meta-
analysis of four studies found no evidence for
significant differences between molnupiravir
and placebo in terms of all adverse events, seri-
ous adverse events, or adverse events leading to
death or treatment discontinuation [24].

The MOVe-OUT clinical trial enrolled par-
ticipants from May to September 2021—before
Omicron variants of SARS-CoV-2 became glob-
ally dominant—and included only unvaccinated
participants [23]. The objective of the current
research was thus to conduct a systematic
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Table 1 Patient, intervention, comparison, outcome, time, and study design (PICOTYS) criteria for study inclusion

Study variable Inclusion criteria

Exclusion criteria

Population

Confirmed SARS-CoV-2 infection diagnosis (by

either nucleic acid amplification test or rapid anti-

Populations with specific medical conditions other
than SARS-CoV-2 infection diagnosis

gen test) occurring after the approval date of mol-

nupiravir in each country included within a study

Outpatients

Population-based samples (non-disease specific)

Age > 18 years
Intervention Prescription for molnupiravir

Comparison

People with confirmed SARS-CoV-2 infection

diagnosis who did not receive any antiviral agent,

Studies comparing MOV only to other approved

antiviral agents

including nirmatrelvir/ritonavir, remdesivir, or any

monoclonal antibody

Outcome All-cause hospitalization
All-cause death
COVID-19-related hospitalization

COVID-19-related death

Related outcomes such as all-cause or COVID-19-re-

lated ICU admission or IMV use

Time January 1, 2021-March 10, 2023
Study design

Non-interventional real-world studies

Clinical trials

Estimation of a relative risk measure with correspond-  Single-arm studies

ing confidence interval
Covariate adjustment

Longitudinal data analysis

ICU intensive care unit, IMV invasive mechanical ventilation

literature review (SLR) to assess real-world evi-
dence on the effectiveness of MOV, including
effectiveness against COVID-19 caused by Omi-
cron variants, to supplement the findings of the
clinical trial and further inform on the potential
clinical benefit and utility of this antiviral agent.

METHODS

Study Inclusion Criteria and Search Strategy

The SLR was conducted following the Preferred
Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) 2020 reporting guide-
lines [25]. The study used pre-determined pop-
ulation, intervention, comparison, outcome,
time, and study design (PICOTS) inclusion
criteria (Table 1) [26]. We included real-world
studies published between January 1, 2021 and
March 10, 2023 that evaluated the effectiveness
of molnupiravir (MOV) against severe outcomes
of COVID-19 (primarily hospitalization and/or
death) among outpatients > 18 years of age with
a diagnosis of SARS-CoV-2 infection, as con-
firmed by nucleic acid amplification or rapid
antigen test. Consistent with the MOVe-OUT
clinical trial [23], eligible studies compared out-
comes between individuals who received MOV
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and those who did not receive any authorized
COVID-19 treatment. We excluded studies of
populations with specific medical conditions
other than SARS-CoV-2 infection.

The literature search terms used to identify
potentially eligible studies from the Embase and
Scopus databases were developed in collabora-
tion with a medical sciences librarian (Table S1,
Supplementary Material). Additional potentially
eligible COVID-19-related studies were identified
via supplementary ongoing literature surveil-
lance to capture pre-prints and other publication
types that are not indexed in the study databases.

Study Selection

All studies identified in the initial literature
search were imported into Rayyan, a collabora-
tive platform for the conduct of SLR [27]. Dupli-
cates were discarded, and the title and abstract
of each unique study were reviewed indepen-
dently by two epidemiologists. We excluded
studies that did not meet the pre-determined
PICOTS inclusion criteria based on this initial
review. The full text of each remaining study was
then assessed against the PICOTS criteria by the
two independent reviewers, and ineligible stud-
ies were excluded. Any discrepancies between
the two reviewers would have been resolved via
discussion with a third independent member of
the study team, but no such discrepancies arose
at any stage of the study selection process.

Assessment of Risk of Bias

All included studies were assessed indepen-
dently by two reviewers for risk of bias across
seven domains (confounding, selection bias,
intervention, deviations from intended inter-
ventions, missing data, outcome measure-
ment, and selection of reported result) using
the cohort-type study version of the Risk of Bias
in Non-randomized Studies of Interventions
(ROBINS-I) tool [28]. In this framework, a low
risk of bias indicates that the study was compa-
rable to a well-performed randomized controlled
trial (RCT) in a given domain, while a critical
risk of bias in any domain indicates that a study
was not likely to provide useful evidence [28].

Per study-specific criteria, failure to control for
immortal time bias due to differences in index
dates and follow-up periods between the MOV-
treated and control groups resulted in a mod-
erate risk for selection bias, while studies that
did not monitor adherence to MOV therapy
were assigned a rating of moderate risk in the
deviation from intended intervention domain.
Finally, studies assessing COVID-19-related
hospitalization/mortality as outcomes, or those
that had the potential for outcome under-ascer-
tainment based on the data sources used, were
judged to have a moderate risk of bias in the
outcome measurement domain. An overall risk
of bias was then assigned based on the scores in
each individual domain. Again, any discrepan-
cies between the two reviewers would have been
resolved via discussion with a third independent
member of the study team, but no such discrep-
ancies arose.

Data Extraction

A single reviewer extracted data on study design,
setting, and outcomes from the full text of each
study (including all available supplementary
material) into a standardized data abstraction
form. The accuracy of all abstracted information
was then independently confirmed by a second
reviewer; any discrepancies were resolved as
above. Statistical significance was defined as a
risk measure (hazard ratio [HR], odds ratio [OR],
or relative risk [RR]) with a 95% CI that was
entirely>1 or entirely<1.

Ethical Approval

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Study Characteristics

A total of 412 potentially eligible studies were
identified: 267 from Embase and 145 from
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Records identified
from Embase
(n=267)

Records identified
from Scopus
(n=145)

|

v

Total records identified
(n=412)

A

Duplicates discarded
(n=69)

Records screened
(abstract/title)
(n=343)

Other records
identified A
(n=3)

Full-text articles
> reviewed
(n=59)

Records excluded
(n=287)

Artificial intelligence study: n =2
Casereport: n=3

Correction to published article: n=1
Correspondence: n=1

COVID-19 in specific patient group: n= 16
COVID-19 natural history: n=4
Drug other than MOV: n =22
Editorial: n=2

Genetic study: n=8

Health economics study: n=1
Mpox study: n=1

Overview paper: n=4

Perspective article: n=3

Practice guideline: n =16
Preclinical study: n = 83

Protocol description: n =1

Public health policy: n =5
Qualitative study: n =2
Randomized controlled trial: n =30
Review: n =52

Safety study: n=21

Single-arm study: n=9

Studies meeting all
PIOCOTS criteria
(n=9)

Records excluded
(n=50)

Active comparator only: n=14
Hospitalized study population: n =6
Meta-analysis:n=1

No outcomes of interest: n =8

Not population-based: n =17
Pediatric:n =1

Single-arm study: n=3
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«Fig. 1 Flow chart of systematic literature review to iden-
tify, screen, and select eligible real-world studies evaluat-
ing the effectiveness of molnupiravir. PICOTS population,
intervention, comparator, outcome, time, and study design.
A Additional documents were identified via ongoing litera-
ture surveillance

Scopus (Fig. 1). After excluding 69 duplicates,
343 documents underwent an initial title and
abstract screen, of which 287 were excluded.
The most common reasons for exclusion were
preclinical study (n=83), review article (52),
RCT (30), drug other than MOV (22), and safety
study (21). The remaining 56 studies, plus an
additional three records identified via supple-
mentary literature surveillance, underwent full-
text review. Fifty records were excluded, with the
most common reason being non-population-
based study (17), active comparator only (14),
and no eligible outcomes (8).

Nine studies (six peer-reviewed studies and
three pre-prints) met all PICOTS criteria and
were included in the SLR (Table 2) [29-37]. Two
of the three pre-prints have subsequently been
published as peer-reviewed articles [38, 39]. The
peer-reviewed version of Paraskevis et al. has a
different title and abstract compared to the pre-
print version, but the data appear to be the same
[33, 39]. As the study period and results in the
peer-reviewed version of Bajema et al. have been
updated compared to the pre-print version, we
revised the analysis to incorporate the published
version of Bajema et al. rather than the pre-print
[30, 38].

One of the nine included studies was con-
ducted in Greece [33], three in Hong Kong [34,
35, 37], two in Israel [29, 32], one in the UK
[31], and two in the US [30, 36, 38]. Some stud-
ies from the same country used the same data
source (electronic health records from the Hong
Kong Hospital Authority in three studies [34, 35,
37], the Clalit Health System in two Israeli stud-
ies [combined with another data source in one
of these studies] [29, 32], and the US Veterans
Health Administration COVID-19 Shared Data
Resource in two studies [combined with other
data sources in one of these studies]) [30, 36, 38].
However, studies using the same data source had
different study periods and methodologies. The

study periods were of different lengths, but all
began between December 16, 2021 and February
26, 2022 and ended between February 28 and
October 20, 2022; Omicron variants of SARS-
CoV-2 were thus dominant during all study peri-
ods and in all study locations [29-38, 40].

The size of the MOV-treated study population
ranged from 359 to 7818, and all study popula-
tions had age-related and/or other risk factors
for progression to severe COVID-19 [29-38].
Prior immunity to SARS-CoV-2 (defined in vari-
ous ways based on vaccination and/or previous
infection) was assessed directly in seven studies
[29-33, 35, 36, 38] and inferred from age- and
sex-stratified population-level vaccination data
in one study [37]. The proportion of the MOV-
treated group with prior SARS-CoV-2 immunity
ranged from 16.1% in a Hong Kong-based study
[35] to 98.2% in the UK study [31]. The most
common MOV treatment initiation window
was <5 days after a positive test (five studies)
[29, 32, 35-37]; a 3-day window was used in
one study [33], a 7-day window in two studies
[31, 34], and a 10-day window in one study [30,
38]. All studies used cohort designs with longi-
tudinal data, patient-level follow-up, and robust
statistical methods (e.g., multivariate regression
or propensity score-based approaches) to address
potential confounding [29-38].

Assessment of Study Bias

Two studies had a serious overall risk of bias,
assigned in both cases due to an assessment of
serious risk of bias in the confounding domain
(Table 3) [31, 33]. In the case of Paraskevis et al.,
the serious risk of confounding was assigned
because the authors were unable to obtain infor-
mation on comorbidities among the untreated
control group [33]. The authors attempted to
address this limitation by excluding individu-
als< 65 years of age and by matching treated
individuals to controls by age, since the num-
ber of comorbidities generally increases with age
[33]. Nevertheless, comorbidities are an impor-
tant risk factor for severe COVID-19 outcomes
[7]1, and thus the study was assigned a serious
risk of bias in the confounding domain. In the
other study with a serious risk of confounding
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Table 3 Risk of bias assessments

Citation Domain
Confound- Selection Interven- Devia- Missing Outcome  Selection Overall
ing bias tion tions from data measure- of reported assessment
intended ment results of bias
interven-
tion
Arbel Moderate  Low Low Low Low Moderate  Low Moderate
(2022)
[29]
Bajema Moderate  Low Low Moderate Low Low Low Moderate
(2022)
(30, 38]
Evans Serious Low Low Moderate Low Low Low Serious
(2023)
(31]
Najjar- Moderate  Low Low Low Low Moderate  Low Moderate
Debbiny
(2023)
(32]
Paraskevis  Serious Moderate  Low Low Low Moderate  Low Serious
(2023)
(33]
Whai (2023) Moderate  Moderate ~ Low Moderate ~ Low Low Low Moderate
[34]
Wong Moderate  Moderate  Low Moderate Low Moderate  Low Moderate
(2022)
(35]
Xie (2023) Moderate  Low Low Moderate ~ Low Moderate  Low Moderate
(36]
Yip (2023) Moderate  Moderate  Low Moderate  Low Low Low Moderate
(37]

The risk of bias for cach study was assessed using the Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I)

tool [28]

bias, Evans et al. did not use matching or pro-
pensity score adjustment for comparisons
between the MOV-treated and control groups
[31]. Although no statistical tests of differences
between the treated and control groups were
reported, the authors noted differences between
the two groups that could potentially bias

the study results in favor of MOV: the treated
group were on average younger than the con-
trol group (mean age 53 versus 57 years), had
fewer comorbidities (e.g., 74.6 vs. 62.8% had a
Charlson comorbidity index of 0-10), and had a
higher degree of prior immunity (36.3 vs. 17.6%
had received >4 doses of a SARS-CoV-2 vaccine)
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[31]. The study reported univariate associa-
tion analyses showing that younger individu-
als (i.e., those<60 years of age) and those who
had received 24 vaccine doses were more likely
to avoid hospital admission or death within
28 days than were older or less vaccinated indi-
viduals, respectively [31]. Both studies had a low
or moderate risk of bias in all other domains.

The remaining seven studies were deter-
mined to have a moderate overall risk of bias.
The domains in which these seven studies
were found to have a moderate, rather than a
low, risk of bias were confounding (all seven
studies; moderate is the lowest possible risk of
confounding bias for a non-randomized study
[28]), deviations from intended intervention
(five studies [30, 34-38]), outcomes measure-
ment (four studies [29, 32, 35, 36]), and selec-
tion bias (three studies [34, 35, 37]).

Seven studies were appropriately designed
to accurately classify all time at risk of the out-
come for both the MOV-treated and the con-
trol groups, and thereby mitigated the risk
of immortal time bias. However, two of the
Hong Kong-based studies did not account for
immortal time bias due to differences in index
dates and follow-up periods between the MOV-
treated and control groups [34, 37]. Six studies
accounted for other key confounders (e.g., age,
prior immunity, and time since last vaccine
dose). One of the three exceptions was Parask-
evis et al., where (as noted above) the authors
were not able to adjust for any differences in
comorbidity distribution between the treated
and control groups [33]. In addition, two of the
three studies conducted in Hong Kong either did
not report SARS-CoV-2 vaccination status [34] or
inferred the proportion of each group who were
fully vaccinated from age-, sex-, and index-date-
matched population-level data, rather than from
individual vaccination status data [37].

Effectiveness of Molnupiravir in Real-World
Studies

Most studies noted differences in the baseline
characteristics of the unmatched MOV-treated
and untreated control groups. The treated group
was on average older than the unmatched

control group in five studies [29, 32, 34, 36, 37],
younger in two studies [31, 35], and of similar
age in two studies [30, 33, 38]. The treated group
had more baseline comorbidities than the con-
trol group in six studies [29, 32, 34-37], fewer
comorbidities in one study [31], and a similar
baseline comorbidity distribution in one study
[30, 38]; baseline comorbidity comparisons were
not reported in one study due to a lack of data
for the control group [33].

Seven studies reported the effectiveness of
MOV in reducing the risk of hospitalization
[29, 30, 33-38], seven reported effectiveness in
reducing the risk of mortality [29, 30, 32-36,
38], four reported composite hospitalization/
mortality outcomes [30, 31, 33, 36, 38], and four
reported other outcomes such as severe disease,
ICU admission, IMV use, and/or other compos-
ite outcomes [30, 32, 35, 37, 38] (Table 4). Three
studies reported COVID-19-related outcomes
[29, 32, 33], five reported all-cause outcomes
[30, 31, 34, 36-38], and one reported a mixture
of both [35]. The outcomes measurement period
generally ranged from 28 to 35 days, with the
exception of a 10-day COVID-19-related hospi-
talization outcome in one study [33].

The overall pattern among the outcomes of
the included studies was that MOV was effec-
tive in reducing the risk of severe COVID-19
outcomes, particularly among older age groups:
eight of the nine studies reported a statistically
significantly reduced risk of hospitalization,
death, or composite outcomes in > 1 age group
[29-36, 38] (Table 4, Fig. 2). Of the six studies
that reported hospitalization outcomes in the
overall study population, three reported that
MOV was associated with a significantly reduced
risk of all-cause or COVID-19-related hospitaliza-
tion compared to controls; two others reported a
numerically (i.e., non-statistically significantly)
lower risk [30, 33-36, 38]. Three other studies
that reported hospitalization outcomes stratified
by age group found that MOV was associated
with a significantly reduced risk of hospitali-
zation in older age groups (=65 years of age in
Arbel et al.; 75-79 and >80 years of age in Parask-
evis et al.; and > 60 years of age in Wong et al.)
but a numerically higher risk of hospitalization
among younger age groups [29, 33, 35]. How-
ever, Yip et al. reported a numerically higher
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Table 4 Real-world effectiveness of molnupiravir in reducing the risk of hospitalization, mortality, and/or other outcomes

Citation Hospitalization Mortality outcome: ~ Hospitalization/ Other outcome: risk
outcome: risk measure risk measure (95% CI) mortality composite  measure (95% CI)
(95% CI) outcome: risk measure
(95% CI)
Arbel (2022) [29] 35-day COVID-19-re- 35-day COVID-19-re- NR NR

lated hospitalization

lated mortality

40-64 years of age: HR  40-64 years of age:

1.80 (0.86-3.77)
2 65 years of age: HR
0.55 (0.34-0.88)

Bajema (2022) [30, 38] 30-day all-cause hospi-

talization

RR 0.98 (0.81-1.18)

Evans (2023) [31] NR

Najjar-Debbiny (2023) NR
[32]

HR 12.82 (3.41—
48.17)

> 65 years of age: HR
0.26 (0.10-0.73)

30-day all-cause mor-
tality
RR 0.23 (0.13-0.43)

NR

28-day COVID-19-re-
lated mortality
HR 0.81 (0.46-1.43)

30-day all-cause hospi-
talization/mortality

Overall: RR 0.82
(0.68-0.98)

18-64 years of age: RR

0.33 (0.04-2.92)
> 65 years: RR 0.85
(0.71-1.02)

28-day all-cause hospi-
talization/mortality
HR 0.49 (0.29-0.83)

NR

30-day all-cause ICU
admission

RR 1.06 (0.66-1.68)

30-day all-cause IMV
use

RR 0.93 (0.47-1.83)

NR

28-day severe
COVID-19*

HR 0.75 (0.51-1.12)

28-day COVID-
19-related mortal-
ity/severe COVID-
19 composite
outcome

Overall: HR 0.83
(0.57-1.21)

<75 years of age:
HR 2.46 (1.13-
5.33)

>75 years of age:
HR 0.54 (0.34-
0.86)
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Table 4 continued
Citation Hospitalization Mortality outcome: ~ Hospitalization/ Other outcome: risk

outcome: risk measure

(95% CI)

risk measure (95% CI) mortality composite ~ measure (95% CI)
outcome: risk measure

(95% CI)

Paraskevis (2023) [33]

Whai (2023) [34]

Wong (2022) [35]

Xie (2023) [36]

10-day COVID-19-re-
lated hospitalization

Overall: OR 0.40
(0.32-0.48)

65-69 years of age: OR
1.05 (0.60-1.82)

70-74 years of age: OR
0.65 (0.38-1.08)

75-79 years of age:
OR 0.42 (0.26-0.68)

>80 years of age: OR
0.29 (0.22-0.39)

28-day all-cause hospi-
talization

OR 0.72 (0.52-0.98)
28-day COVID-related

hospitalization

Overall: HR 0.98
(0.89-1.06)

<60 years of age: HR
1.15 (0.84-1.59)

> 60 years of age: HR
0.89 (0.81-0.97)

30-day all-cause hospi-
talization

RR 0.80 (0.71-0.90)

35-day COVID-19-re- 35-day COVID-19-re- NR
lated mortality lated hospitalization/
OR 0.31 (0.22-0.43) mortality
OR 0.40 (0.34-0.48)

28-day all-cause mor-  NR NR
tality
HR 0.31 (0.24-0.40)

28-day all-cause mor-  NR In-hospital discase
tality progression”
Overall: HR 0.76 Overall: HR 0.57
(0.61-0.95) (0.43-0.76)
< 60 years of age: HR < 60 years of age:
2.31 (0.77-6.90) HR 1.18 (0.35—
> 60 years of age: HR 3.98)
0.75 (0.60-0.93) > 60 years of age:
HR0.55 (0.42—
0.73)

30-day all-cause mor-  30-day all-cause hospi- NR
tality talization/mortality

RR 0.35 (0.24-0.49) RR0.72(0.64-0.79)
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Table 4 continued

Citation Hospitalization Mortality outcome:  Hospitalization/ Other outcome: risk
outcome: risk measure risk measure (95% CI) mortality composite  measure (95% CI)
(95% CI) outcome: risk measure
(95% CI)
Yip (2023) [37] 30-day all-cause hospi- NR NR 30-day all-cause mor-
talization tality/ICU admis-
Overall: HR 1.17 sion/IMV composite
(0.99-1.39) outcome
<70 years of age: HR Overall: HR 1.12
1.07 (0.73-1.56) (0.68-1.82)

270 years of age: HR
115 (0.95-1.39)

2 60 years of age or
with comorbidity:
HR 1.07 (0.90-1.26)

<70 years of age: HR
0.97 (0.26-3.66)

270 years of age: HR
1.08 (0.65-1.82)

> 60 years or with
comorbidity: HR
1.04 (0.63-1.73)

CI confidence interval, HR hazard ratio, ICU intensive care unit, IM ¥ invasive mechanical ventilation, NR not recorded, OR

odds ratio, RR relative risk

Statistically significant differences shown in bold

*Defined as oxygen saturation < 94% on room air, ratio of arterial partial pressure of oxygen to fraction of inspired oxy-

gen < 300 mmHg, or respiratory rate > 30 breaths per minute

®Defined as in-hospital mortality, invasive mechanical ventilation, or intensive care unit admission

R Hospitalization
Death Hospitalization or Death
50 4
10 4
5 -
2 -

NIy

Relative risk of outcome (HR or RR)

Age
-o— 18+
40-64

—o— 65+

0.14
2N\ . ' N 5 AN o A o . ~ 3 e 3 < A
T S AP S S P SR S L S P P S gt SIE LR R SR
To¥ ¢ o o TN Yot¥ & & oF TtV & o oF
2 QR & %) QR & 2 Q&
& % & ° & %
& & S

Fig.2 Summary of the real-world effectiveness of molnupiravir in reducing the risk of hospitalization and/or mortality,

stratified by age group (in years)
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risk of 30-day all-cause hospitalization among
the overall MOV-treated group compared to the
control group [37].

Five of the six studies that assessed mortal-
ity outcomes for the overall study population
reported that treatment with MOV was associ-
ated with significantly decreased risk of all-cause
or COVID-19-related death compared to con-
trols, while the other study observed a numeri-
cally lower risk [30, 32-36, 38]. Two studies
reported mortality outcomes stratified by age
group; as with the hospitalization outcomes,
treatment with MOV was associated with a sig-
nificantly reduced risk among older age groups
(265 years of age in Arbel et al. and > 60 years of
age in Wong et al.), but a significantly (Arbel)
or numerically (Wong) increased risk among
younger individuals [29, 35]. Treatment with
MOV was also associated with a significantly
reduced risk of a composite hospitalization/
mortality outcome in four studies [30, 31, 33,
36, 38]. One of these studies also reported this
composite outcome stratified by age group and
observed a numerically reduced risk of all-cause
hospitalization or mortality compared to con-
trols in both the 18-64 years and the>635 years
age groups [30, 38].

Four studies reported outcomes other than
hospitalization or mortality. Bajema et al. found
that in the overall study population, MOV treat-
ment was associated with a numerically higher
risk of all-cause ICU admission and a numeri-
cally lower risk of all-cause IMV use compared
to controls [30, 38]. Yip et al. reported a compos-
ite outcome combining all-cause mortality, ICU
admission, and IMV use, and found that overall,
in individuals > 70 years of age, and in those>60
years of age with comorbidity, treatment with
MOV was associated with a numerically higher
risk; in contrast, individuals<70 years of age
and treated with MOV had a slightly numeri-
cally lower risk of this outcome compared to
controls [37]. In Najjar-Debbiny et al., the risk of
both severe COVID-19 and a severe COVID-19/
COVID-19-related mortality composite outcome
was numerically lower among all MOV-treated
individuals than among controls; for the com-
posite outcome, MOV treatment was associated
with a significantly higher risk among individu-
als<75 years of age and a significantly lower

risk among those>735 years of age [32]. Finally,
Wong et al. found that treatment with MOV was
associated with a significantly lower risk of in-
hospital disease progression in the overall popu-
lation and among those > 60 years of age, but a
numerically higher risk among those <60 years
of age [35].

DISCUSSION

In this SLR, we identified nine real-world studies
that assessed the effectiveness of MOV among
non-hospitalized adults at high risk of progres-
sion to severe COVID-19, compared to controls
who were not treated with any approved antivi-
ral agent. The studies were conducted in multi-
ple locations with populations at different levels
of baseline risk for severe COVID-19 outcomes
and with different levels of prior immunity.
All studies took place when Omicron variants
of SARS-CoV-2 were dominant worldwide [40].
Overall, the evidence from eight of the nine
included real-world, Omicron-era studies was
consistent with the conclusion of the MOVe-
OUT clinical trial that MOV is effective in reduc-
ing the risk of the most severe consequences of
COVID-19 among non-hospitalized adults, par-
ticularly among older age groups.

All of the included real-world study popula-
tions had potentially relevant differences to the
MOVe-OUT clinical trial population that may
have affected the estimation of MOV effective-
ness [23]. For instance, in contrast to the clini-
cal trial (from which vaccinated individuals were
excluded), the study populations in all nine of
the included manuscripts had some (highly vari-
able) degree of prior immunity to SARS-CoV-2,
via vaccination and/or previous infection. The
MOVe-OUT inclusion criteria also specified labo-
ratory confirmation of SARS-CoV-2 infection and
onset of symptoms<5 days before randomiza-
tion [23]. In contrast, the treatment initiation
window in all nine of the included real-world
studies was based on date of positive SARS-
CoV-2 test rather than date of onset of symp-
toms; the length of the window varied between
studies, from<3 to<10 days following a posi-
tive test. Studies with longer treatment initiation
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windows may have included participants who
were not treated with MOV in accordance with
the drug’s FDA approval, which states that treat-
ment should begin ‘as soon as possible after a
diagnosis of COVID-19 has been made, and
within 5 days of symptom onset’ [15].

Our risk of bias assessment identified several
other factors that may also have affected the
estimation of the effectiveness of MOV in the
reviewed studies, including potential baseline
differences between treated and control groups.
In most studies that compared the baseline
characteristics of the unmatched MOV-treated
and control groups, the MOV-treated group
was generally older and/or had more comor-
bidities than the respective control group [29,
32, 34-37]. These studies, as well as a study
that was not able to compare baseline comoz-
bidities between the MOV-treated and control
groups [33], may therefore have underesti-
mated the effectiveness of MOV. Indeed, Yip
et al. (who reported non-significant increases
in risk associated with MOV treatment) noted
that the effectiveness of MOV may have been
underestimated because local treatment guide-
lines at the time of the study restricted the use
of MOV to individuals at the highest level of
risk for severe COVID-19 outcomes [37].

Further, although MOV is indicated for indi-
viduals with mild-to-moderate COVID-19, none
of the included studies required that members
of both the MOV-treated and the control groups
have mild-to-moderate illness on the index
date, and none adjusted for baseline severity
of illness. The direction of any resulting bias
is unknown, although studies where the MOV-
treated group included a higher proportion of
individuals with symptomatic or more severe
cases of COVID-19 would likely underestimate
the effectiveness of MOV. In addition, two of
the Hong Kong-based studies did not account
for immortal time bias; differences in index
dates and follow-up periods between the MOV-
treated and control groups may therefore have
resulted in overestimation of the effectiveness
of MOV in these studies [34, 37].

The use of potentially heterogeneous and/
or subjective outcome measures may also have
affected the effectiveness estimates of some
studies. For instance, Yip et al. noted that

non-mortality outcomes may have been subject
to surveillance bias, with MOV-treated patients
being monitored more closely than controls
[37]. Similar issues may have occurred in other
studies that reported non-mortality outcomes,
since the criteria for decisions regarding hospi-
talization, ICU admission, and IMV use can vary
depending on factors such as local treatment
guidelines, individual patients’ comorbidities
and general medical history, individual physi-
cian discretion, and the availability of hospital/
ICU beds and IMV equipment. Even among
studies that reported COVID-19-specific mortal-
ity outcomes, the determination of a COVID-
19-related death may vary depending on local
guidelines, the criteria used by specific study
protocols, and other factors such as individual
physician or coroner discretion. All-cause mor-
tality outcomes are not subject to these potential
biases, but could still result in an underestima-
tion of the effectiveness of MOV in those studies
where the treated group had more comorbidities
than the control group and therefore a presum-
ably higher risk of non-COVID-19-related death.

The overall generalizability of the findings of
the SLR is unknown for several reasons, includ-
ing small numbers of outcome events in some
studies. For example, one of the two studies
that reported a significantly increased risk of
severe COVID-19 outcomes among younger age
groups treated with MOV reported a small num-
ber (n=4) of COVID-19-related deaths in the
younger age group [29]; the absolute number of
events was not reported for subgroup analyses
in the other study [32]. In addition, we excluded
studies of the effectiveness of MOV in popula-
tions with specific medical conditions other
than SARS-CoV-2 infection. However, in sev-
eral jurisdictions (including the US) the use of
MOV is recommended for populations with an
increased risk of progression to severe COVID-
19 outcomes, for example due to CKD, immu-
nocompromised status, or other medical condi-
tions [7]. Although some individuals with these
conditions were recruited into the included
studies, their outcomes were not assessed sepa-
rately. Filling this knowledge gap should be a
priority area for future research, to provide evi-
dence on how best to protect high-risk indi-
viduals with underlying medical conditions

A\ Adis



Infect Dis Ther (2024) 13:1177-1198

1195

from COVID-19-related hospitalization, death,
and other severe clinical outcomes. Finally, the
heterogenous designs and populations of the
included studies, including differences in the
level of prior immunity through vaccination
and/or infection, precluded any direct compari-
sons of their outcomes; a meta-analysis was con-
sidered but deemed to be infeasible due to the
lack of overlapping estimates for the study out-
comes within distinct study populations. Future
research should include rigorous network meta-
analyses to aid in the ongoing assessment of the
real-world effectiveness of MOV.

CONCLUSIONS

In conclusion, this SLR identified and assessed
nine geographically diverse studies of the effec-
tiveness of MOV in real-world populations and
during a different phase of the pandemic com-
pared to the MOVe-OUT clinical trial, with Omi-
cron variants of SARS-CoV-2 dominant in all
studies. In general, the included studies found
that MOV was effective at reducing the risk of
the most serious consequences of COVID-19 in
real-world settings, particularly for older popula-
tions. While several factors may have influenced
each study’s estimation of MOV effectiveness,
including the level of prior immunity among
the study population, the clearest pattern was
that the treated groups in many studies were
older and had more baseline comorbidities than
the untreated control groups, which may have
resulted in underestimation of the effectiveness
of MOV. Overall, these real-world data provide
additional clinical evidence in support of the
continued benefits of MOV in treating COVID-
19 caused by Omicron variants of SARS-CoV-2,
especially for older individuals.
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