
ORIGINAL RESEARCH

Safety and Effectiveness of Molnupiravir in Japanese
Patients with COVID-19: Final Report of Post-
marketing Surveillance in Japan

Shohei Shinozaki . Asuka Watanabe . Masahiro Kimata .

Makoto Miyazaki . Shinichiroh Maekawa

Received: November 29, 2023 / Accepted: December 29, 2023 / Published online: January 17, 2024
� The Author(s) 2024

ABSTRACT

Introduction: Molnupiravir is an orally avail-
able prodrug of N-hydroxycytidine that
received special approval for emergency treat-
ment of coronavirus disease 2019 (COVID-19)
in Japan in December 2021 and full approval in
April 2023. To assess the real-world safety and
effectiveness of molnupiravir in Japanese
patients with COVID-19, we conducted
nationwide post-marketing surveillance to col-
lect data at registered institutions in Japan.
Methods: The surveillance data were collected
from December 27, 2021, to May 2, 2023. All

reported adverse events were collected for safety
analysis. Adverse drug reactions (ADRs) were
assessed by the treating physicians. Effective-
ness was assessed by the composite of hospital-
ization or all-cause death in outpatients and the
composite of oxygen/mechanical ventilation
initiation or all-cause death in inpatients. The
observation period was from molnupiravir ini-
tiation through day 29.
Results: Of 3214 patients enrolled in the sur-
vey, 3179 were analyzed for safety. At baseline,
52.31% (1663/3179) of patients were male, the
median (range) age was 69.0 (18–107) years,
82.38% (2619/3179) received COVID-19 vacci-
nes, and 95.72% (3043/3179) had risk factors for
severe COVID-19 illness. COVID-19 severity at
baseline was mild in 86.44% (2748/3179) and
moderate I in 10.22% (325/3179). A total of 205
ADRs occurred in 5.50% (175/3179) of patients;
ADRs that occurred in[ 0.5% of patients were
diarrhea (1.86% [59/3179]) and rash (0.69% [22/
3179]). Seven serious ADRs were reported in
seven patients. In the effectiveness analysis
population, the incidence of all-cause death
through day 29 was 1.14% (34/2988), and the
incidence of death through day 29 related to
COVID-19 was 0.40% (12/2988). The cumula-
tive incidence of the composite endpoint was
2.34% (47/2006) in outpatients and 4.60% (38/
826) in inpatients.
Conclusions: This large-scale survey showed
that molnupiravir was safe and effective in real-
world settings in highly vaccinated Japanese
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patients with COVID-19, including older
patients and those with comorbidities.

Keywords: COVID-19; Effectiveness; Japan;
Molnupiravir; Post-marketing surveillance;
Safety

Key Summary Points

Why carry out this study?

Molnupiravir is an orally available prodrug
of N-hydroxycytidine that received special
approval for emergency treatment of
COVID-19 in Japan in December 2021 and
full approval in April 2023.

This post-marketing surveillance was
conducted to assess the real-world safety
and effectiveness of molnupiravir after its
marketing approval for COVID-19
treatment in Japan, targeting all patients
treated with molnupiravir at registered
institutions in Japan from December 27,
2021, to May 2, 2023, the period during
which Omicron replaced Delta as the
dominant variant.

What was learned from the study?

This was a large-scale survey of
molnupiravir use in Japanese patients
with COVID-19 in real-world settings.

Diarrhea (1.86% [59/3179]) and rash
(0.69% [22/3179]) were the most common
ADRs, and the cumulative incidence of
hospitalization or all-cause death in
outpatients and oxygen/mechanical
ventilation initiation or all-cause death in
inpatients from molnupiravir initiation
through day 29 was 2.34% (47/2,006) and
4.60% (38/826), respectively.

During the Omicron wave, molnupiravir
was found to be safe and effective in
highly vaccinated Japanese patients with
COVID-19 in real-world settings,
including older patients and those with
comorbidities.

INTRODUCTION

Since the World Health Organization declared
the outbreak of coronavirus disease 2019
(COVID-19) in January 2020 (1), multiple vac-
cines and antiviral drugs using different existing
and new technologies have been developed to
fight against the responsible virus (severe acute
respiratory syndrome coronavirus 2, SARS-CoV-
2) and its variants. With the rise in number of
patients treated in outpatient settings, there is a
growing need for oral antiviral treatments that
are effective against COVID-19 infections
caused by new emerging variants.

Molnupiravir is a broad-spectrum antiviral,
an orally available prodrug of N-hydroxycy-
tidine developed by Drug Innovation Ventures
at Emory, LLC (2–7). Molnupiravir received
special approval for emergency treatment of
COVID-19 in December 2021 in Japan (8) and
full approval in April 2023 after the review of
supporting documents (9). In a phase 3, double-
blind, randomized, placebo-controlled compo-
nent of the MOVe-OUT study, molnupiravir
reduced the risk of hospitalization or death
through day 29 (7.3 vs. 14.1%) in at-risk,
unvaccinated outpatients with mild-to-moder-
ate COVID-19, if started within 5 days of
symptom onset (10). In a UK-based, open-label,
randomized controlled study comparing mol-
nupiravir plus usual care versus usual care alone
(PANORAMIC), which targeted highly vacci-
nated outpatients with COVID-19 at increased
risk of adverse outcomes, molnupiravir did not
reduce the risk of hospitalizations or death
(which was low at 1% in both groups) but was
associated with reduced time to first reported
recovery and alleviation of all symptoms (11).
Molnupiravir also showed a favorable safety
profile with no significant differences in the
incidence of adverse events (AEs) or interven-
tion-related AEs (10, 11).

The real-world evidence also supports the
safety and effectiveness of molnupiravir. A
cohort study of patients who received a diag-
nosis of COVID-19 at the Cleveland Clinic in
the United States from April 2022 to February
2023 (during the Omicron wave: variants from
BA.2 to XBB/XBB.1.5) showed that the adjusted
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hazard ratio of death for patients with mol-
nupiravir compared to no treatment was 0.23
(95% confidence interval [CI] 0.16–0.34), and
that of hospitalization or death was 0.59 (95%
CI 0.53–0.66) (12). An observational study of
1,074,856 outpatients with COVID-19 in Hong
Kong showed that molnupiravir use was asso-
ciated with a lower risk of death than non-use
with a hazard ratio of 0.76 (95% CI 0.61–0.95)
and a similar risk of hospitalization with a
hazard ratio of 0.98 (95% CI 0.89–1.06) (13). A
retrospective cohort study of 920 patients with
mild-to-moderate COVID-19 who were admit-
ted to hospitals in Fukushima Prefecture in
Japan showed that the clinical deterioration
rate after admission was significantly lower in
molnupiravir users than in non-users (3.90 vs.
8.40%, P = 0.034) (14). In a study using elec-
tronic health records to emulate a randomized
target study, molnupiravir was associated with
fewer hospital admissions or death at 30 days
with a relative risk of 0.72 (95% CI 0.64–0.79)
compared to no treatment in adults with SARS-
CoV-2 infection in the community during the
Omicron wave (15).

As of May 9, 2023, the cumulative number of
confirmed COVID-19 cases was about 33.8
million in Japan, and the cumulative number of
deaths due to COVID-19 was 74,694, mainly
consisting of people older than 60 years (16).
Considering that Japan has the world’s highest
proportion of people aged 65 and older (28.9%
in 2021) (17), comprehensive data collection is
imperative to ascertain if molnupiravir is safe
and effective in Japanese patients with COVID-
19 in real-world settings, including older
patients and those with multiple comorbidities
such as chronic kidney disease (CKD).

To assess the real-world safety and effective-
ness of molnupiravir in Japanese patients with
COVID-19, we conducted nationwide post-
marketing surveillance (PMS) to collect data on
patients treated with molnupiravir at registered
institutions in Japan. In the interim analysis, we
reported the preliminary safety and effective-
ness data in 1031 Japanese patients (18). Here
we report the final results of the PMS of mol-
nupiravir use in 3214 Japanese patients.

METHODS

Survey Design and Patients

This PMS employed a single-arm observational
study design. The primary aim of this PMS was
to confirm the safety of molnupiravir in Japa-
nese patients with infection caused by SARS-
CoV-2 as early as possible after approval, and
secondarily to confirm effectiveness. The final
report includes data collected from December
27, 2021, to May 2, 2023, when Omicron
replaced Delta as the dominant SARS-CoV-2
variant in Japan (19).

This survey was conducted in accordance
with the Ministry of Health, Labour, and Wel-
fare (MHLW) ordinance for Good Post-Market-
ing Study Practice (GPSP) and the
Pharmaceutical and Medical Device Act. This
survey complied with the Helsinki Declaration
of 1964 and its later amendments, and all other
applicable regulations. Institutional review
board (IRB) approval was not mandatory for this
survey, according to the GPSP.

Molnupiravir was started within 5 days of
the onset of COVID-19 symptoms in patients
with COVID-19 who are at risk for severe
COVID-19 outcomes, as stated in the Japanese
package insert (20). To reduce selection bias, we
collected data using the continuous registration
method from patients who received molnupi-
ravir at registered medical institutions and from
whom informed consent was obtained regard-
less of the timing of molnupiravir initiation.
After explaining to the patients or their legal
representatives the objective of the survey, the
information to be collected, and how the survey
results would be used, the treating physicians
obtained informed consent from the patients or
their legal representatives.

The following data were collected: baseline
patient characteristics, administration status of
molnupiravir and other medications, respira-
tory status, laboratory test results, outcome at
the last observation day, and AEs. Patients were
categorized as outpatients if they started mol-
nupiravir in the outpatient settings, inpatients
if they developed COVID-19 during hospital-
ization for other reasons or were hospitalized for
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COVID-19-related reasons, and others if they
were nursing home residents or home-visit
medical care recipients. The severity of COVID-
19 in this survey was classified according to
Japanese guidance from MHLW (21) as mild
(patients had a peripheral oxygen saturation
[SpO2] of C 96%, absence of pneumonia),
moderate I (patients had a SpO2 of\ 96%
and[ 93%, presence of pneumonia), moderate
II (patients had a SpO2 of B 93% and required
oxygen), and severe (patients required ICU
admission or mechanical ventilation). Risk fac-
tors for severe COVID-19 illness in this survey
consisted of older age (C 65 years); comorbidi-
ties, such as active malignancies, chronic
obstructive pulmonary disease, CKD, type 2
diabetes mellitus, hypertension, dyslipidemia,
and immunodeficiency after solid-organ trans-
plantation; obesity with a body mass index
of C 30 kg/m2; smoking; and other risk factors
reported by the treating physicians.

Safety Assessments

All AEs were collected throughout the observa-
tion period and coded to primary system organ
classes and preferred terms in a Japanese version
of the Medical Dictionary for Regulatory Activ-
ities (Version 26.0). Adverse drug reactions
(ADRs) were AEs for which a causal relationship
to molnupiravir was not ruled out by the
treating physicians. AEs were classified into
mild (AEs not interfering with activities of daily
living), moderate (AEs interfering with activities
of daily living and requiring therapeutic inter-
ventions), and severe (AEs seriously disrupting
activities of daily living) by the treating
physicians.

Effectiveness Assessments

We assessed the effectiveness of molnupiravir
through day 29 from the initiation of treatment
in the following patient cohorts: (i) outpatients
and (ii) inpatients without oxygen or mechan-
ical ventilation when starting molnupiravir.
Outpatient effectiveness was assessed in relation
to unscheduled hospitalization, death, and
their composites. Inpatient effectiveness was

assessed in relation to the initiation of oxygen,
mechanical ventilation, death, and their
composites.

Statistical Analysis

All statistical analyses were performed using SAS
Release 9.4 (SAS Institute, Inc., Cary, NC, USA).
Data were shown as n (%) or median (range).
For the safety analysis, Fisher’s exact test and
Wilcoxon rank-sum test were used to find fac-
tors associated with ADRs. Both tests were two-
sided, and a P value less than 0.05 was consid-
ered statistically significant. For the effective-
ness analysis, Kaplan–Meier curves were used to
show the cumulative incidence of each event
during the observation period. The crude inci-
dence rates per 10,000 person-days with their
95% CIs were also calculated. Univariable
logistic regression analyses were performed to
obtain the odds ratios (ORs) and 95% CIs
between baseline characteristics and outpatient
hospitalization or death through day 29. A for-
est plot was used to represent the effect of each
characteristic graphically.

RESULTS

Patient Disposition and Characteristics
at Baseline

Of 3214 patients enrolled in the survey, 3179
(outpatients, 67.44% [n = 2144]; inpatients,
30.67% [n = 975]; others, 1.89% [n = 60]) were
analyzed for safety (Fig. 1 and Table 1). At
baseline, 52.31% (1663/3179) were male, the
median (range) age was 69.0 (18–107) years,
82.38% (2619/3179) were vaccinated against
SARS-CoV-2 at least once and 77.32% (2458/
3179) twice or more, and 95.72% (3043/3179)
had risk factors for severe COVID-19 illness
(Table 1). COVID-19 symptoms were experi-
enced by 97.48% (3099/3179), and COVID-19
severity was mild in 86.44% (2748/3179). At
baseline, 3.59% (114/3179) of patients needed
oxygen or mechanical ventilation, and 8.52%
(271/3179) had CKD (including 2.99% [95/
3179] on hemodialysis).
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Administration Status of Molnupiravir
and Other Medications

In most patients, molnupiravir was initiated
within 5 days of the onset of COVID-19 symp-
toms (Table 2), with a median of 2 days. Medi-
cations other than molnupiravir were used in
25.70% (817/3179) of patients and included
symptomatic treatment medications (14.94%
[475/3179]), neutralizing antibodies (9.00%
[286/3179]), corticosteroids (2.80% [89/3179]),
heparins (1.45% [46/3179]), and other antivirals
(0.66% [21/3179]).

Safety of Molnupiravir

During the median observation period of
30.0 days, AEs and serious AEs occurred in
10.16% (323/3179) and 2.80% (89/3179) of
patients, respectively (Supplementary Table 1).
A total of 205 ADRs as assessed by the treating
physicians occurred in 5.50% (175/3179) of
patients (Table 3). The most common ADRs

were diarrhea (1.86% [59/3179]; non-serious,
n = 59; serious, n = 0) and rash (0.69% [22/
3179]; non-serious, n = 21; serious, n = 1). The
most common occurrence of diarrhea was the
day1-2 of administration (27/59), and that of
rash was the day 3–4 (7/22). Seven serious ADRs
were reported in seven patients (COVID-19
[aggravated], n = 2; cardiac failure congestive
[aggravated], n = 1; acute respiratory failure,
n = 1; hypoxia, n = 1; hepatic function abnor-
mal, n = 1; rash, n = 1) (Supplementary
Table 2).

Treatment was completed by 95.88% (3048/
3179) of patients and discontinued by 4.12%
(131/3179) of patients (Table 4). Overall, 1.64%
(52/3179) of ADRs resulted in treatment dis-
continuation; the most common ADRs that led
to treatment discontinuation were diarrhea
(n = 12) and rash (n = 11).

Although most patients recovered or were
recovering from ADRs, during the observation
period, seven patients did not recover from
eight events (anemia, n = 2; neutrophil count

Fig. 1 Patient disposition. Of 3214 patients enrolled in the survey, 3179 were in the safety analysis set, and 2988 were in
the effectiveness analysis set. aOne patient met both exclusion criteria
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Table 1 Baseline patient characteristics (safety analysis set)

Item Overall,
N = 3179

Outpatients,
N = 2144

Inpatients,
N = 975

Others,
N = 60

Male 1663 (52.31) 1132 (52.80) 514 (52.72) 17 (28.33)

Age, years

Median (range) 69.0 (18, 107)

18 to\ 65 1257 (39.54) 998 (46.55) 258 (26.46) 1 (1.67)

65 to\ 75 751 (23.62) 550 (25.65) 197 (20.21) 4 (6.67)

C 75 1118 (35.17) 573 (26.73) 490 (50.26) 55 (91.67)

Unknown 53 (1.67) 23 (1.07) 30 (3.08) 0 (0.00)

BMI, kg/m2

\ 30 1,593 (50.11) 772 (36.01) 787 (80.72) 34 (56.67)

C 30 225 (7.08) 153 (7.14) 72 (7.38) 0 (0.00)

Unknown 1361 (42.81) 1219 (56.86) 116 (11.90) 26 (43.33)

Vaccination against SARS-CoV-2

No 276 (8.68) 162 (7.56) 110 (11.28) 4 (6.67)

At least once 2619 (82.38) 1794 (83.68) 772 (79.18) 53 (88.33)

Doses

1 38 (1.20) 19 (0.89) 19 (1.95) 0 (0.00)

2 1380 (43.41) 873 (40.72) 460 (47.18) 47 (78.33)

3 917 (28.85) 665 (31.02) 248 (25.44) 4 (6.67)

4 161 (5.06) 135 (6.30) 25 (2.56) 1 (1.67)

Unknown 123 (3.87) 102 (4.76) 20 (2.05) 1 (1.67)

Unknown 284 (8.93) 188 (8.77) 93 (9.54) 3 (5.00)

Symptoms of COVID-19

No 80 (2.52) 31 (1.45) 49 (5.03) 0 (0.00)

Yes 3099 (97.48) 2113 (98.55) 926 (94.97) 60 (100.00)

History of COVID-19

No 3155 (99.25) 2133 (99.49) 962 (98.67) 60 (100.00)

Yes 17 (0.53) 10 (0.47) 7 (0.72) 0 (0.00)

Unknown 7 (0.22) 1 (0.05) 6 (0.62) 0 (0.00)

COVID-19 severity

Mild 2748 (86.44) 1982 (92.44) 725 (74.36) 41 (68.33)

Moderate I 325 (10.22) 134 (6.25) 176 (18.05) 15 (25.00)

Moderate II 95 (2.99) 21 (0.98) 70 (7.18) 4 (6.67)
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Table 1 continued

Item Overall,
N = 3179

Outpatients,
N = 2144

Inpatients,
N = 975

Others,
N = 60

Severe 1 (0.03) 0 (0.00) 1 (0.10) 0 (0.00)

Unknown 10 (0.31) 7 (0.33) 3 (0.31) 0 (0.00)

Use of oxygen or mechanical ventilation at MOV initiation

No 2988 (93.99) 2083 (97.15) 850 (87.18) 55 (91.67)

Yes 114 (3.59) 9 (0.42) 102 (10.46) 3 (5.00)

Unknown 77 (2.42) 52 (2.43) 23 (2.36) 2 (3.33)

Comorbiditiesa

No 489 (15.38) 423 (19.73) 66 (6.77) 0 (0.00)

Yes 2653 (83.45) 1689 (78.78) 904 (92.72) 60 (100.00)

Unknown 37 (1.16) 32 (1.49) 5 (0.51) 0 (0.00)

Hemodialysis

No 3025 (95.16) 2066 (96.36) 901 (92.41) 58 (96.67)

Yes 95 (2.99) 21 (0.98) 74 (7.59) 0 (0.00)

Unknown 59 (1.86) 57 (2.66) 0 (0.00) 2 (3.33)

Risk factors for severe COVID-19 illnessb

No 136 (4.28) 104 (4.85) 32 (3.28) 0 (0.00)

Yesc 3043 (95.72) 2040 (95.15) 943 (96.72) 60 (100.00)

Aged C 65 years 1869 (61.42) 1123 (55.05) 687 (72.85) 59 (98.33)

Malignancy 241 (7.92) 128 (6.27) 109 (11.56) 4 (6.67)

COPD 189 (6.21) 112 (5.49) 76 (8.06) 1 (1.67)

CKD 271 (8.91) 94 (4.61) 172 (18.24) 5 (8.33)

Type 2 diabetes mellitus 671 (22.05) 431 (21.13) 233 (24.71) 7 (11.67)

Hypertension 1,420 (46.66) 954 (46.76) 436 (46.24) 30 (50.00)

Dyslipidemia 658 (21.62) 497 (24.36) 154 (16.33) 7 (11.67)

Immunodeficiency after solid-organ

transplantation

7 (0.23) 3 (0.15) 4 (0.42) 0 (0.00)

Obesity with BMI of C 30 kg/m2 228 (7.49) 156 (7.65) 72 (7.64) 0 (0.00)

Smoking history 764 (25.11) 480 (23.53) 283 (30.01) 1 (1.67)
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decreased, n = 2; rash, n = 1; alanine amino-
transferase increased, n = 1; blood uric acid
increased, n = 1; vertigo, n = 1), and three
patients died from three events (hypoxia, n = 1;
cardiac failure congestive, n = 1; acute respira-
tory failure, n = 1) (Table 5). These three
patients died at home, and the causal relation-
ships between molnupiravir and their deaths
were not fully investigated.

The occurrence of ADRs was not associated
with sex, age group (18 to\65, 65 to\ 75,
C 75), COVID-19 severity and oxygen/me-
chanical ventilation use at molnupiravir initia-
tion, comorbidities (including renal or hepatic
impairment), risk factors for severe COVID-19
illness, or SARS-CoV-2 vaccination status (Sup-
plementary Table 3).

Effectiveness of Molnupiravir

Of 3179 patients in the safety analysis set, 2988
(outpatients, 67.14% [n = 2006]; inpatients,
30.96% [n = 925]; others, 1.91% [n = 57]) were
included in the effectiveness analysis set, and
191 were excluded because (i) they used a
dosage or a route that had not been approved
(n = 24) and/or (ii) they were not evaluated for
effectiveness (n = 168, one patient met both
exclusion criteria) (Fig. 1). The incidence of all-
cause death through day 29 was 1.14% (34/
2988) in the effectiveness analysis population,
and the incidence of death through day 29
related to COVID-19 was 0.40% (12/2988)
(Supplementary Table 4).

The cumulative incidence of hospitalization
(for reasons other than isolation or assessment),

all-cause death, and their composite endpoint
from molnupiravir initiation through day 29
among outpatients was 2.29% (46/2006), 0.10%
(2/2006), and 2.34% (47/2006), respectively.
After excluding 99 inpatients (96 patients who
used oxygen, two patients on non-intubated
mechanical ventilation, and one patient who
used unspecified respiratory support at base-
line), the cumulative incidence of oxygen ini-
tiation, all-cause death, and their composite
endpoint from molnupiravir initiation through
day 29 among 826 inpatients was 3.75% (31/
826), 1.57% (13/826), and 4.60% (38/826),
respectively (Fig. 2, Table 6).

Factors Associated with Outpatient
and Inpatient Composite Outcome

Factors associated with outpatient hospitaliza-
tion or all-cause death through day 29 were as
follows: older age (C 75 vs. 65 to\75, OR 5.77,
95% CI 2.21–15.06), more severe COVID-19
disease (Moderate I vs. Mild, OR 5.32, 95% CI
2.63–10.79; Moderate II vs. Mild, OR 6.71, 95%
CI 1.49–30.35), more risk factors for severe
COVID-19 illness (2 vs. 1, OR 3.84, 95% CI
1.41–10.47; 3 vs. 1, OR 3.63, 95% CI
1.25–10.53; C 4 vs. 1, OR 8.18, 95% CI
2.91–22.95), other medications (Yes vs. No, OR
3.93, 95% CI 2.09–7.37), lower baseline SpO2

(94–95 vs. C 96%, OR 3.25, 95% CI
1.19–8.84; B 93 vs. C 96%, OR 13.59, 95% CI
4.57–40.41), renal impairment (Yes vs. No, OR
9.22, 95% CI 4.68–18.17), and hemodialysis
(Yes vs. No, OR 8.11, 95% CI 2.28–28.86) (Fig. 3,
Supplementary Table 5).

Table 1 continued

Item Overall,
N = 3179

Outpatients,
N = 2144

Inpatients,
N = 975

Others,
N = 60

Others 647 (21.26) 418 (20.49) 204 (21.63) 25 (41.67)

Values are given as n (%) or median (range)
BMI body mass index, CKD chronic kidney disease, COPD chronic obstructive pulmonary disease, COVID-19 coronavirus
disease 2019, MOV molnupiravir, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
aIncluding risk factors for severe COVID-19 illness
bMultiple answers can be selected
cNumber of risk factors:1, 29.82% (948/3179); 2, 29.51% (938/3179); 3, 21.52% (684/3179); C 4, 14.88% (473/3179)
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Factors associated with inpatient oxygen
initiation or all-cause death through day 29
were as follows: baseline SpO2 (94–95 vs.
C 96%, OR 2.31, 95% CI 1.07–4.96) and
hemodialysis (Yes vs. No, OR 4.14, 95% CI
1.87–9.17) (Supplementary Table 6).

DISCUSSION

This is the largest survey conducted in routine
patient care in Japan that provides safety and
effectiveness data for 3179 and 2988 patients,
respectively, exceeding the number of patients
included in the previously published interim
analysis (1031 and 884 patients, respectively)
(18). The results obtained in this larger popu-
lation of patients were consistent with those in
the interim analysis in terms of the safety and
effectiveness data (18). The frequency of ADRs
as assessed by the treating physicians was 5.50%
(175/3179). Most ADRs were non-serious, and
1.64% (52/3179) of ADRs resulted in treatment
discontinuation. The cumulative incidence of
outpatient hospitalization or all-cause death
from molnupiravir initiation through day 29
was 2.34% (47/2006), and the cumulative inci-
dence of inpatient oxygen initiation or all-cause
death from molnupiravir initiation through day
29 was 4.60% (38/826). No new safety concerns
were identified in this PMS.

Molnupiravir was first approved for the
treatment of COVID-19 in the UK in November
2021 (22) and shortly after in Japan in Decem-
ber 2021. The safety and effectiveness of mol-
nupiravir were evaluated in the international
phase 3 (MOVe-OUT) study (10). To our
knowledge, the present PMS is the first large
scale survey to report the safety and effective-
ness of molnupiravir in the real-world setting in
Japan during the period when the predominant
circulating SARS-CoV-2 variant was Omicron.
Compared to the MOVe-OUT study where
patients were largely unvaccinated, this survey
population was highly vaccinated (82.38% of
patients were vaccinated against SARS-CoV-2 at
least once), which is comparable to the national
COVID-19 vaccination rate in Japan of 78%
(23). In addition, people at high risk of pro-
gression to severe disease were included:

58.79% of the patients were aged 65 and older,
and 95.72% had risk factors for severe COVID-
19 illness including being C 65 years, hyper-
tension, smoking history, type 2 diabetes mel-
litus, and dyslipidemia.

Table 2 Administration status of molnupiravir and other
medications (safety analysis set)

Item Overall,
N = 3179

Time from COVID-19 symptom onset to MOV

initiation, days

1–2 1745 (54.89)

3–4 1084 (34.10)

5 185 (5.82)

6 or more 84 (2.64)

Before the onset 1 (0.03)

No symptoms 80 (2.52)

Time from positive SARS-CoV-2 test to

MOV initiation, days (N = 1080)

1 (1, 9)

Prior treatment for COVID-19

No 2952 (92.86)

Yes 150 (4.72)

Unknown 77 (2.42)

Other medications

No 2282 (71.78)

Yesa 817 (25.70)

Symptomatic treatment 475 (14.94)

Neutralizing antibodies 286 (9.00)

Corticosteroids 89 (2.80)

Heparins 46 (1.45)

Antivirals 21 (0.66)

Unknown 80 (2.52)

Values are given as n (%) or median (range)
COVID-19 coronavirus disease 2019, MOV molnupiravir,
SARS-CoV-2 severe acute respiratory syndrome coron-
avirus 2
aMultiple answers can be selected
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In this survey, molnupiravir was initiated
within 5 days of the onset of COVID-19 symp-
toms in 94.81% of patients, which may reflect
the easy accessibility of molnupiravir in Japan
and the convenience of oral administration.
Molnupiravir also showed good tolerability and
adherence in this survey, with a treatment
completion rate of 95.88%, which is higher
than the reported treatment completion rate of
anti-influenza drugs for seasonal influenza in
France (82.73% for the inhaled route and
85.73% for the oral route, both of which were
given twice daily for five days; which is the
same frequency and duration as molnupiravir)
(24).

No new safety concerns were identified in
this survey. The AE and ADR profiles in this
survey were generally consistent with those
identified in previous studies (10, 11), the FDA
Adverse Event Reporting Systems (25), and are
specified in the approved product label. Despite

Table 3 Summary of adverse drug reactions (safety anal-
ysis set)

Number of
patients

Number of
events

Any ADRa 175 (5.50) 205

Infections and infestations

COVID-19 2 (0.06) 2

Blood and lymphatic system disorders

Anemia 3 (0.09) 3

Metabolism and nutrition disorders

Decreased appetite 3 (0.09) 3

Nervous system disorders

Dizziness 8 (0.25) 8

Headache 4 (0.13) 4

Hypoesthesia 2 (0.06) 2

Somnolence 2 (0.06) 2

Gastrointestinal disorders

Abdominal distension 2 (0.06) 2

Abdominal pain upper 2 (0.06) 2

Diarrhea 59 (1.86) 59

Nausea 8 (0.25) 8

Vomiting 8 (0.25) 8

Feces soft 7 (0.22) 7

Hepatobiliary disorders

Hepatic function

abnormal

4 (0.13) 4

Skin and subcutaneous tissue disorders

Dermatitis allergic 2 (0.06) 2

Drug eruption 8 (0.25) 8

Erythema 2 (0.06) 2

Rash 22 (0.69) 22

Urticaria 5 (0.16) 5

General disorders and administration site conditions

Malaise 2 (0.06) 2

Investigations

Table 3 continued

Number of
patients

Number of
events

Blood uric acid

increased

2 (0.06) 2

Neutrophil count

decreased

2 (0.06) 2

Platelet count decreased 2 (0.06) 2

White blood cell count

decreased

4 (0.13) 4

White blood cell count

increased

3 (0.09) 3

Hepatic enzyme

increased

2 (0.06) 2

Values are given as n (%) or n
ADRs at the preferred term level reported by two or more
patients are listed
ADR adverse drug reaction, COVID-19 coronavirus disease
2019
aObservation period: mean, 38.3 days; median, 30.0 days
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83.45% of patients in the safety analysis set in
this survey having comorbidities, the incidence
of ADRs was 5.50% (175/3179), which was
lower than that reported in the MOVe-OUT
study (8.0%, 57/710) (10). The most common
ADR in this survey was diarrhea (1.86% [59/
3179]), similar to the MOVe-OUT study (10)
and the FDA Adverse Event Reporting Systems
(25). In the MOVe-OUT study, diarrhea occur-
red in 1.7% (12/710) of patients in the mol-
nupiravir group and 2.1% (15/701) of those in
the placebo group (10). Notably, diarrhea was
non-serious in all 59 patients in this survey, and
all (except for one with an unknown outcome)
recovered or were recovering with a median
time of 5.5 days and 6.5 days, respectively. Rash
was the second most common ADR occurring in
0.69% in this survey, which was comparable to
the rate observed in the MOVe-OUT study
(\1%) (10), and most of the cases of rash were

non-serious. Since COVID-19 is often consid-
ered a systemic viral disease that can cause
extrapulmonary manifestations such as gas-
trointestinal tract (26, 27) and cutaneous
symptoms (28, 29), some AEs that were deemed
to be related to molnupiravir might have been
COVID-19 symptoms.

Serious ADRs as assessed by the treating
physicians occurred in 0.22% (7/3179) of
patients in this survey (Supplementary Table 2).
Of 39 fatal cases, 36 deaths were assessed as
unrelated to molnupiravir by the treating
physicians. Whether there was a causal rela-
tionship between molnupiravir and death in
three patients who died at home (one from
hypoxia, one from cardiac failure congestive,
and one from acute respiratory failure) was not
assessable due to lack of sufficient information.
Considering that in this survey the median age
was 69.0 years (35% of patients

Table 4 Treatment completion status (safety analysis set)

Overall Time from treatment initiation to discontinuation, days

1–2 3–4 5–6

Treatment completion 3048 (95.88) – – –

Treatment discontinuation 131 (4.12) 61 (1.92) 59 (1.86) 11 (0.35)

AEs 75 (2.36) 29 (0.91) 39 (1.23) 7 (0.22)

ADRsa 52 (1.64) 16 (0.50) 29 (0.91) 7 (0.22)

Transfer to other institutions 13 (0.41) 9 (0.28) 4 (0.13) 0 (0.00)

Patient’s request 13 (0.41) 7 (0.22) 6 (0.19) 0 (0.00)

Not recorded 12 (0.38) 5 (0.16) 3 (0.09) 4 (0.13)

Physician’s request 9 (0.28) 6 (0.19) 3 (0.09) 0 (0.00)

Lack of effectiveness 6 (0.19) 2 (0.06) 4 (0.13) 0 (0.00)

Patient lost to follow-up 2 (0.06) 2 (0.06) 0 (0.00) 0 (0.00)

Lost drug 1 (0.03) 1 (0.03) 0 (0.00) 0 (0.00)

Values are given as n (%)
ADR adverse drug reaction, AE adverse event, COVID-19 coronavirus disease 2019
aAbdominal pain upper, n = 1; acute respiratory failure, n = 1; arthralgia, n = 1; COVID-19, n = 1; decreased appetite,
n = 2; dermatitis, n = 1; dermatitis allergic, n = 1; diarrhea, n = 12; dizziness, n = 1; drug eruption, n = 6; erythema,
n = 2; hepatic function abnormal, n = 3; hypothermia, n = 1; nausea, n = 4; neutropenia, n = 1; pruritus, n = 1; rash,
n = 11; taste disorder, n = 1; urticaria, n = 2; vomiting, n = 5; white blood cell count abnormal, n = 1; white blood cell
count decreased, n = 1 (six patients developed more than 1 ADR)
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were C 75 years), and that many patients had
underlying diseases such as malignant tumors,
CKD, and heart disease in this survey, the small
number of fatal cases is particularly noteworthy.

In the MOVe-OUT study, molnupiravir
reduced the risk of hospitalization or death
through day 29 (7.3 vs. 14.1%; difference in
percentage - 6.8, 95% CI - 11.3 to - 2.4) (10).
In this survey, molnupiravir treatment resulted
in a cumulative incidence of outpatient hospi-
talization or all-cause death of 2.34% (47/2006)
through day 29, which was consistent with the
figure of 2.61% (16/612) in the interim analysis
(18). In addition, among inpatients treated with
molnupiravir and who did not use oxygen or
mechanical ventilation at baseline, oxygen ini-
tiation or all-cause death occurred in only
4.60% (38/826), and none required mechanical
ventilation through day 29. According to the
MHLW reports, the mortality rate due to
COVID-19 regardless of treatment status was
higher in older patients in Japan: 0.28% (573/
204,031) in patients aged 60 to 79 years, and
2.41% (1828/75,956) in patients
aged C 80 years (January–April and
July–September 2022) (16, 30). In the effective-
ness analysis set of the present PMS, the all-
cause mortality rate was 3.16% (24/759) in

patients aged C 80 years (Supplementary
Table 4). It is noteworthy that the mortality rate
was 0.57% (2/350) among outpatients
aged C 80 years and 0.00% (0/1633) among
outpatients aged\80 years. The mortality rate
was 4.48% (16/357) in inpatients
aged C 80 years and 11.54% (6/52) in others
aged C 80 years. Furthermore, the mortality
rate due to COVID-19 was 0.00% (0/2006) in
outpatients and 1.08% (10/925) in inpatients.
While a direct comparison is not possible owing
to differences in patient backgrounds, such as
inpatient to outpatient ratio, and proportion of
patients with comorbidities, our findings are
consistent with previous reports showing the
effectiveness of molnupiravir in reducing severe
COVID-19 outcomes in patients aged[80 years
(11, 31).

In this survey, the risk of being hospitalized
or dying through day 29 was higher for outpa-
tients with baseline characteristics including
older age (C 75), severe COVID-19 disease at the
start of treatment, multiple risk factors for pro-
gression to severe disease, other medications,
lower baseline SpO2, renal impairment, and
hemodialysis. At the same time, the occurrence
of ADRs in this survey was unrelated to patient
characteristics (e.g., age and comorbidities).

Table 5 Adverse drug reaction outcomes, by time from onset (safety analysis set)

Outcome Number of
eventsa

Time from ADR onset to an
outcome, median (range), days

Time from ADR onset, days

1–2 3–4 5–6 7–13 14–32 33–51 52 or
more

Recovered 128 7 (2, 207) 4 13 44 32 15 11 9

Recovering 56 8 (2, 48) 2 8 11 20 11 3 0

Unrecovered 8b 7 (6, 22) 0 0 3 3 1 0 0

Death due

to ADR

3c 9 (4, 21) 0 1 0 1 1 0 0

Unknown 9 6 (2, 30) 1 0 4 3 1 0 0

Values are given as n unless otherwise noted
ADR adverse drug reaction
aOutcome of one event was not recorded
bIncluding anemia, n = 2; neutrophil count decreased, n = 2; rash, n = 1; alanine aminotransferase increased, n = 1; blood
uric acid increased, n = 1; vertigo, n = 1. One patient had neutrophil count decreased and blood uric acid increased
cIncluding hypoxia, n = 1; cardiac failure congestive, n = 1; acute respiratory failure, n = 1
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Even though these patient characteristics gen-
erally have a significant impact on the inci-
dence of ADRs (32), findings from this survey
show that older patients and those with
comorbidities, such as hepatic or renal impair-
ment (including those on hemodialysis), can be
treated safely with molnupiravir without dose
adjustment in clinical practice. It should also be
noted that about one in four patients were
taking medications to treat or alleviate symp-
toms of COVID-19 other than molnupiravir.
This is probably because molnupiravir has no

known drug–drug interactions that require
temporary discontinuation or dose adjustment
of other medications. Other observational

Fig. 2 Cumulative incidence of events in outpatients and
inpatients. Graphs show the cumulative incidence of
outpatient hospitalization or all-cause death (a) and
inpatient oxygen initiation or all-cause death (b) from
molnupiravir initiation through day 29, with magnified
insets. aInpatients who used oxygen (n = 96), mechanical
ventilation (n = 3), and unspecified respiratory support
(n = 1) at baseline are excluded from the analysis

Table 6 Cumulative incidence and crude rate of events
(effectiveness analysis set)

Event Cumulative
incidence of
new events
(%)

Crude incidence
rate (95% CI), per
10,000 person-days

Outpatients (N = 2006)

Hospitalizationa

through day 29

46 (2.29) 8.71 (6.37, 11.61)

All-cause death

through day 29

2 (0.10) 0.37 (0.05, 1.35)

Hospitalizationa

or all-cause

death through

day 29

47c (2.34) 8.90 (6.54, 11.83)

Inpatientsb

(N = 826)

Oxygen

initiation

through day 29

31 (3.75) 16.63 (11.30, 23.61)

Mechanical

ventilation

initiation

through day 29

0 (0.00) 0.00 (- , 1.93)

All-cause death

through day 29

13 (1.57) 6.80 (3.62, 11.63)

Oxygen

initiation or all-

cause death

through day 29

38 (4.60) 20.39 (14.43, 27.99)

CI confidence interval, COVID-19 coronavirus disease
2019
aHospitalization for reasons other than isolation or
assessment
bInpatients who used oxygen (n = 96), mechanical venti-
lation (n = 2), and unspecified respiratory support (n = 1)
at baseline were excluded
c34 events were related to COVID-19
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studies have also shown the safety and effec-
tiveness of molnupiravir among patients on
hemodialysis (33–35) or after a kidney trans-
plant (33). Therefore, these findings suggested
that molnupiravir can be used safely regardless
of renal or hepatic impairment, concomitant
medications, and comorbidities in clinical
practice.

This survey has some limitations. First,
because of the noninterventional, single-arm
observational design of this survey, we could
not statistically compare the safety and effec-
tiveness of molnupiravir treatment with other
medications or a placebo and had to exclude
168 patients whose effectiveness data were
missing or unavailable. Second, the survey
forms collected in this survey were from
patients at 266 institutions, which might not

reflect the general population in Japan. Third,
this survey included data collected for
16 months, during which a series of COVID-19
waves were observed in Japan. Therefore, the
effectiveness of molnupiravir might have been
different among patients infected with different
SARS-CoV-2 variants.

CONCLUSIONS

In conclusion, this large-scale survey showed
that molnupiravir was safe and effective in real-
world settings among highly vaccinated Japa-
nese patients with COVID-19, including older
patients and those with comorbidities. Consid-
ering the lack of existing safety and effective-
ness data in older Japanese patients, this PMS
will provide valuable information for routine

Fig. 3 Factors associated with outpatient hospitalization
or all-cause death through day 29 of molnupiravir
initiation. Older age, more severe COVID-19 disease,
more risk factors for severe COVID-19 illness, other
medications, lower baseline SpO2, renal impairment, and
hemodialysis are associated with hospitalization or all-cause

death of outpatients through day 29 of molnupiravir
initiation. BMI body mass index, COVID-19 coronavirus
disease 2019, MOV molnupiravir, SARS-CoV-2 severe
acute respiratory syndrome coronavirus 2, SpO2 peripheral
oxygen saturation
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clinical practice, serving as a vital supplement
to the results obtained from clinical studies.
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