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Abstract
BACKGROUND Molnupiravir is an oral prodrug of b-D-N4-hydroxycytidine, active against
SARS-CoV-2 in vitro and in animal models. We report data from the phase 2 component
of MOVe-IN, a clinical trial evaluating molnupiravir in patients hospitalized with
Covid-19.

METHODS We conducted a randomized, placebo-controlled, double-blind phase 2/3
trial in patients 18 years old and older requiring in-hospital treatment for laboratoryconﬁrmed Covid-19 with symptom onset 10 or fewer days before randomization. Participants were randomly assigned to placebo or molnupiravir 200 mg, 400 mg, or 800 mg
(1:1:1:1 ratio), twice daily for 5 days. Primary end points were safety and sustained recovery (participant alive and either not hospitalized or medically ready for discharge)
through day 29.

RESULTS Of 304 randomly assigned participants, 218 received at least one dose of molnupiravir and 75 of placebo. At baseline, 74.0% had at least one risk factor for severe
Covid-19. Adverse events were reported in 121 of 218 (55.5%) molnupiravir-treated and
46 of 75 (61.3%) placebo-treated participants, with no apparent dose effect on adverse
event rates and no evidence of hematologic toxicity based on prespeciﬁed adverse
events. Of 16 conﬁrmed deaths, most were in participants with severe Covid-19 (75.0%),
with underlying comorbidities (87.5%), older than 60 years of age (81.3%), and/or symptom duration longer than 5 days (75.0%) at randomization. Median time to sustained
recovery was 9 days in all groups, with similar day 29 recovery rates ranging from 81.5%
to 85.2%.

CONCLUSIONS In this phase 2 trial of patients hospitalized with Covid-19, a 5-day
course of molnupiravir up to 800 mg twice daily was not associated with dose-limiting
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side effects or adverse events, but did not demonstrate
clinical beneﬁt. (Funded by Merck Sharp & Dohme;
ClinicalTrials.gov NCT04575584.)

Introduction

T

here is a need for safe, effective, and easily
administered antiviral therapies to treat patients
hospitalized for Covid-19; such treatments should
accelerate recovery times and reduce mortality. Molnupiravir is an orally administered, small-molecule ribonucleoside prodrug of b-D-N4-hydroxycytidine (NHC), which has
submicromolar potency against ribonucleic acid (RNA)
respiratory viruses, including SARS-CoV-2.1–4 Molnupiravir is rapidly absorbed and converted into NHC, which
is distributed systemically and phosphorylated intracellularly to NHC-triphosphate (NHC-TP).5 NHC-TP is incorporated into the viral genome, which increases mismatch
error rates during viral RNA replication. Once a tolerated
threshold of viral RNA errors has been exceeded, inhibition of viral replication and production of noninfectious
virus lead to viral extinction.1,3,6 In an animal model, molnupiravir retained full efﬁcacy against SARS-CoV-2 variants of concern.7 The favorable safety and tolerability
proﬁle of molnupiravir seen in preclinical studies and a
phase 1 trial provided the needed equipoise for further clinical development.5,8
The potential of molnupiravir as an antiviral treatment for
Covid-19 is being evaluated in two phase 2/3 studies, one
in outpatients (MOVe-OUT trial9,10) and the other in hospitalized patients (MOVe-IN trial). In this study, we report
safety, efﬁcacy, pharmacokinetic, and virology data from
the recently completed phase 2, dose-ﬁnding component
of MOVe-IN.

15 countries globally (Table S1 in the Supplementary
Appendix). The trial enrolled adult patients requiring
in-hospital treatment for laboratory-conﬁrmed Covid-19
with sign/symptom onset 10 or fewer days before randomization. Key exclusion criteria were critical illness due
to Covid-19 (i.e., respiratory failure [deﬁned as need for
invasive or noninvasive mechanical ventilation, oxygen
delivered by high-ﬂow nasal cannula, or extracorporeal
membrane oxygenation], shock, or multiorgan dysfunction/failure), severely immunocompromised persons who
are not expected to have a Covid-19 disease course and/or
clinical response to study treatment typical of the general
population, low platelet count (<100,000/ll or platelet
transfusion 5 days prior), and SARS-CoV-2 vaccination.
Standard-of-care treatment with remdesivir and/or glucocorticoids was permitted, but other immunomodulators
(including interleukin-6 inhibitors and kinase inhibitors)
were prohibited for purposes of Covid-19 treatment.
The study was conducted in accordance with principles of
Good Clinical Practice and was approved by the appropriate institutional review boards/ethics committees and regulatory agencies. Written informed consent was obtained
from all participants. Full details of the trial can be found
in the protocol available online. The trial was designed by
sponsor (Merck & Co., Inc., Kenilworth, NJ) representatives. Safety oversight was performed by an independent
data monitoring committee. Data were collected by investigators and site personnel, analyzed by sponsor statisticians, and interpreted by the authors. The ﬁrst draft of the
manuscript was written with assistance of a medical writer
who is a sponsor employee, based on author guidance. All
authors reviewed and edited subsequent versions,
approved the submitted version, and vouch for the accuracy and completeness of the data and the ﬁdelity of the
trial to the protocol, which is available with the full text of
this article at evidence.NEJM.org.

RANDOMIZATION AND INTERVENTIONS

Methods
TRIAL DESIGN AND PARTICIPANTS
MOVe-IN (protocol MK-4482-001) was a randomized,
placebo-controlled, double-blind phase 2/3 trial evaluating
safety and efﬁcacy of molnupiravir in hospitalized adults
with Covid-19 (ClinicalTrials.gov NCT04575584). The
phase 2 component of MOVe-IN (initiated October 21,
2020) was conducted at 65 hospitals/treatment centers in

Eligible participants were randomly assigned, via a centralized intervention randomization system, 1:1:1:1 to placebo or molnupiravir 200 mg, 400 mg, or 800 mg,
administered twice daily orally (or by an alternative route
such as via nasogastric tube, for participants unable to
swallow study intervention capsules) for 5 days. Randomization was stratiﬁed (block size: 4, the minimum block
size for a 4-arm trial) by time from sign/symptom onset to
randomization (5 days or >5 days), age (60 years and
>60 years), and remdesivir use for the index Covid-19
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infection before and/or at randomization (yes or no). Participants, investigators, and study staff (except unblinded
site pharmacists) remained blinded to allocation assignment until study completion.

PROCEDURES
Covid-19 signs/symptoms and oxygenation status were
assessed daily during treatment and at days 10 (–1), 15
(þ3), and 29 (þ3). Nasopharyngeal swabs for virology
analyses were collected on days 1, 3, 5 (end of treatment
visit), 10 (–1), 15 (þ3), and 29 (þ3). Adverse events were
collected during treatment and for 14 days following end
of treatment. Investigators were advised to use openended, nonleading verbal questioning of participants to
inquire about the occurrence of adverse events. Venous
blood samples for pharmacokinetic analyses were collected predose and 1, 3, 5, and 8 hours after the 9th or
10th dose of study intervention.

OUTCOME MEASURES
The co-primary end points were safety and sustained recovery. Safety was evaluated as rates of adverse events
reported during the safety follow-up period (from randomization through 14 days after end of treatment) in the safety
population, which comprised all participants who received
at least one dose of study intervention. Adverse events leading to discontinuation of study intervention reported during
the safety follow-up period and adverse events leading to
death were also recorded, including all deaths that occurred
after the safety follow-up period and were the result of an
adverse event that began during the safety follow-up
period. Sustained recovery was deﬁned as participants
being alive and either not hospitalized (i.e., discharged
from the hospital, not rehospitalized or transferred to
another hospital, and not discharged to hospice care) or
medically ready for hospital discharge (i.e., does not require
ongoing medical care but remains in the hospital for infection control or nonmedical reasons) through day 29, analyzed in the modiﬁed intent-to-treat population (all
participants with one or more doses of study intervention).
Incidence of platelet levels <50,000/ll (conﬁrmed by
repeat testing) after initiating study intervention was evaluated as a prespeciﬁed event potentially indicating hematologic toxicity. Secondary efﬁcacy end points included day
29 all-cause mortality; World Health Organization (WHO)
Clinical Progression Scale (11-point ordinal scale for clinical
progression, ranging from 0, “uninfected; no viral RNA
detected,” to 10, “dead”); Pulmonary Score (7-point ordinal
scale that focuses on the respiratory sequelae of Covid-19

based on oxygen requirements, ranging from 1, “minimal
or no symptoms,” to 7, “death”); Pulmonaryþ Score (7point ordinal scale that focuses on Covid-19 disease severity, ranging from 1, “minimal or no symptoms,” to 7,
“death”); and the National Early Warning Score (21-point
ordinal aggregate score ranging from 0 through 20, where
an aggregate score of 4 indicates a need for prompt
assessment by a registered nurse, aggregate scores of 5 or 6
[or any single parameter score of 3] indicate a need for
urgent clinical review, and an aggregate score of 7 indicates
a need for emergency clinical review).
Molnupiravir’s longitudinal impact on SARS-CoV-2 viral
load from nasopharyngeal samples was assessed through
real-time polymerase chain reaction (PCR). To evaluate
molnupiravir’s effect on viral RNA error rates, nasopharyngeal samples containing >22,000 copies/ml of SARSCoV-2 RNA underwent complete genome next-generation
sequencing using the Ion AmpliSeq SARS-CoV-2 research
assay (Thermo Fisher Scientiﬁc, Waltham, MA) on an Ion
Torrent Genexus integrated sequencer (Thermo Fisher
Scientiﬁc). Viral RNA error rates were calculated by determining the number of nucleotide changes (per 10,000
nucleotides, with an allele frequency 2%) observed
across the entire genome at days 3 and 5 compared with
baseline. Plasma NHC and intracellular (from peripheral
blood mononuclear cells) NHC-TP levels were determined. Plasma NHC peak concentrations (Cmax) and area
under the curve (AUC)0-12 were estimated from a preliminary population pharmacokinetics model built using
pooled phase 1 and 2 data.5

STATISTICAL ANALYSIS
The co-primary end point of safety was analyzed descriptively. Of note, mortality was reported and analyzed differently for this safety analysis than for the efﬁcacy
analyses. The safety analyses included all observed deaths
resulting from an adverse event (many of which were
associated with Covid-19) that began during the safety
follow-up period regardless of the timing of the death. For
the secondary end point of day 29 all-cause mortality, all
deaths occurring through day 29 were included, and participants with unknown survival status by day 29 were
imputed as dead; unlike the safety analysis, deaths that
occurred after day 29 were excluded.
Median time to recovery and sustained recovery rates for
each group, with 95% conﬁdence intervals, were determined using the Kaplan-Meier method. Missing data for
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the co-primary end point of sustained recovery were handled through data censoring based on the following
assumptions: failure to recover and/or death were both
censored at day 29; recovery followed by subsequent loss
to follow up before day 29 was censored at the day of loss
to follow-up; or withdrawal (i.e., discontinuation from the
study for reasons other than death or loss to follow-up)
before day 29 was censored at the day of discontinuation.
Hazard ratios comparing sustained recovery rates between
molnupiravir and placebo were estimated from a Cox
regression model.
The phase 2 component was not designed for hypothesis
testing; sample sizes were primarily selected to support
pharmacokinetic/pharmacodynamic modeling for dose
selection. All analyses were conducted using SAS version
9.4 (SAS Institute, Cary, NC).

Results
PARTICIPANTS
Of 304 participants randomly assigned (Table S2)
between October 19, 2020 and January 12, 2021, 218 and
75 received one or more doses of molnupiravir or placebo,
respectively. Of these modiﬁed intent-to-treat participants, 277 (94.5%) completed 5 days of study intervention
and 258 (88.1%) ﬁnished the study through day 29 (Fig. 1).
Key baseline characteristics in each treatment group are
shown in Table 1 (additional baseline data are provided in
Tables S3 and S4). Most participants (76.3%) had more
than 5 days from sign/symptom onset to randomization
(mean duration 7.1 days); only 8.2% had Covid-19 sign/
symptom duration of 72 hours or less before randomization (Table S5). More than half, 67.1%, also received glucocorticoids before/at randomization, 76.3% did not
receive remdesivir before/at randomization, and 74.0%
had one or more risk factors for severe Covid-19 (most frequent were age >60 years [41.1%] and obesity [40.1%]).
Overall, 31.9% had conﬁrmed SARS-CoV-2 nucleocapsid
antibodies at baseline. Positive SARS-CoV-2 nucleocapsid antibody tests were reported for 37.9% of participants who had enrolled in the trial more than 5 days
from sign/symptom onset compared with 12.7% of participants enrolled 5 or fewer days from sign/symptom onset.
Severe Covid-19 at baseline was most frequent (53.9%) in
the molnupiravir 800 mg group; slightly more participants
receiving molnupiravir 800 mg (77.6%) and 400 mg

(77.3%) had risk factors for severe illness than those
receiving molnupiravir 200 mg (69.3%) or placebo
(71.8%). Glucocorticoid use was 65.0% overall in the molnupiravir groups and 73.1% in the placebo group.

SAFETY
Rates of adverse events and serious adverse events were
comparable across treatment groups, with no apparent
molnupiravir dose effect (Table 2). Adverse events
were reported in 121 of 218 (55.5%) molnupiravir-treated
and 46 of 75 (61.3%) placebo-treated participants. As
expected, many reported adverse events are also common in patients with Covid-19 not receiving active treatment (and also outside the clinical trial setting), making
it difﬁcult to determine whether an adverse event was
caused by molnupiravir (Tables S6 and S7); however,
there were no differences between treatment groups in
rates of adverse events potentially associated with Covid19, such as thromboembolic events. Thrombocytopenia
(deﬁned in this study as <50,000 platelets/ll) after initiation of study intervention was not reported with molnupiravir. Abnormal laboratory test results were more
frequently reported with placebo. Only one participant
discontinued study intervention due to an adverse event
(respiratory failure, in the molnupiravir 400 mg group),
which was serious and reported as resolved after approximately 2 months. Adverse event rates across all groups,
active and placebo, were generally similar between participants with and without prior/concomitant glucocorticoids; serious adverse events appeared to be more
frequent in participants with prior/concomitant glucocorticoid use (Table S8).
Due to the differences in analysis approaches and criteria
for inclusion of observed events (see Methods), the number of deaths reported in the safety analysis differ from
those in the all-cause mortality analysis (Fig. S2). Of the
16 adverse events resulting in death, 14 occurred in participants treated with molnupiravir (SARS-CoV-2 nucleocapsid antibody status: 7 negative, 3 positive, and 4 unknown)
and 2 with placebo (SARS-CoV-2 nucleocapsid antibody
status: 1 negative and 1 positive). Of note, 4 of these 16
deaths (3 molnupiravir and 1 placebo) happened after day
29. Most of the deaths in the safety analysis occurred in
participants with underlying comorbidities (12 molnupiravir and 2 placebo), those older than 60 years old (11 molnupiravir and 2 placebo), those with severe Covid-19 at
baseline (10 molnupiravir and 2 placebo), and those with
sign/symptom duration more than 5 days before
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5 days, twice daily

Day 1

Treatment

320
Screened

Symptom onset
Laboratory confirmation

Disease onset/screen

Day -10

16 Screen failuresa
304
Randomized

Molnupiravir 200 mg

Molnupiravir 400 mg

Molnupiravir 800 mg

Placebo

75 Randomized
73 Received ≥1 dose
2 Received no dose

75 Randomized
73 Received ≥1 dose
2 Received no dose

76 Randomized
72 Received ≥1 dose
4 Received no dose

78 Randomized
75 Received ≥1 dose
3 Received no dose

70 Received all 10 doses
3 Received <10 doses
2 Withdrew
1 Otherb

66 Received all 10 doses
7 Received <10 doses
6 Withdrew
1 Otherb

69 Received all 10 doses
3 Received <10 doses
2 Withdrew
1 Otherb

72 Received all 10 doses
3 Received <10 doses
3 Withdrew

62 Completed through day 29
11 Discontinued early
5 Died
5 Withdrew
1 Otherc

60 Completed through day 29
13 Discontinued early
4 Died
7 Withdrew
2 Otherc

66 Completed through day 29
6 Discontinued early
3 Died
2 Withdrew
1 Otherc

70 Completed through day 29
5 Discontinued early
1 Died
3 Withdrew
1 Otherc

Follow-up

Day 5

Day 29

Figure 1. Study Design and Enrollment.
a

Of the 16 participants who were not randomly assigned following initial screening for study eligibility, 2 declined to participate, 13 did
not meet eligibility criteria, and 1 had other reasons. bSpeciﬁc reasons for early discontinuation of study drug before receiving all 10
doses are not shown to prevent premature unblinding. Of the total three participants who discontinued study treatment early due to
reasons other than withdrawing from the study on their own accord, one each discontinued study treatment early due to either an
adverse event, loss to follow-up, or noncompliance with study drug. cSpeciﬁc reasons for study discontinuation before a participant
reached day 29 are not shown to prevent premature unblinding. Of the total ﬁve participants who discontinued the study due to reasons
other than death or withdrawing from the study on their own accord, four were lost to follow-up and one was withdrawn by the
investigator.

randomization (10 molnupiravir and 2 placebo). The most
common adverse event resulting in death was “Covid-19”
(reported for 6 of 16 participants), and most deaths were
associated with complications of Covid-19 (including
pneumonia, sepsis, or respiratory failure) or secondary
bacterial infections (Table S9). Adverse events assessed as
drug-related by the investigator in the safety population
are listed in Table S7.

EFFICACY
Median time to sustained recovery was 9 days in all
groups, with similar day 29 recovery rates ranging from
81.5 to 85.2% (Table 3). Post hoc analyses (some involving
small subgroups) in participants older than 60 years old,
without remdesivir or glucocorticoid use at or before randomization, with a negative SARS-CoV-2 baseline antibody test, and with 5 or fewer days from sign/symptom

onset also showed no signal of a treatment effect (Table 3
and Table S10).
There was no evidence for a difference in all-cause mortality rates (ranging from 1.3% to 6.8%) through day 29
(Table 3). Of note, 2 of 14 deaths by day 29 were imputed
because the survival status at day 29 of 1 participant
treated with molnupiravir 400 mg and 1 with 800 mg was
unknown (Fig. S2). There were no differences in the WHO
Clinical Progression Scale (Table S11), Pulmonary (Table
S12) and Pulmonaryþ ordinal outcomes (Table S13), and
National Early Warning Score (Table S14).

VIROLOGY
Next-generation sequencing showed that SARS-CoV-2
viral RNA error rates measured after treatment were generally higher with molnupiravir (especially the 800-mg
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Table 1. Participant Baseline Demographics and Clinical Characteristics nasopharyngeal

Characteristic
Sex, female — no. (%)
Age, mean (SD)
>60 years of age —
no. (%)

Molnupiravir 200 mg
(N=75)

Molnupiravir 400 mg
(N=75)

Molnupiravir 800 mg
(N=76)

Molnupiravir
Combined (N=226)

Placebo
(N=78)

32 (42.7)

34 (45.3)

32 (42.1)

98 (43.4)

34 (43.6)

56.9 (14.2)

57.0 (14.0)

56.8 (13.7)

56.9 (13.9)

57.1 (14.2)

31 (41.3)

30 (40.0)

32 (42.1)

93 (41.2)

33 (42.3)

Race — no. (%)
Native American

0 (0.0)

3 (4.0)

1 (1.3)

4 (1.8)

2 (2.6)

10 (13.3)

8 (10.7)

4 (5.3)

22 (9.7)

1 (1.3)

Black/African American

1 (1.3)

4 (5.3)

6 (7.9)

11 (4.9)

7 (9.0)

Pacific Islander

0 (0.0)

0 (0.0)

1 (1.3)

1 (0.4)

0 (0.0)

58 (77.3)

52 (69.3)

54 (71.1)

164 (72.6)

63 (80.8)

Multiple

6 (8.0)

7 (9.3)

9 (11.8)

22 (9.7)

5 (6.4)

Unknown

0 (0.0)

1 (1.3)

1 (1.3)

2 (0.9)

0 (0.0)

Asian

White

Region — no. (%)
North America

10 (13.3)

9 (12.0)

14 (18.4)

33 (14.6)

13 (16.7)

Latin America

19 (25.3)

25 (33.3)

21 (27.6)

65 (28.8)

21 (26.9)

Europe, Middle East,
Africa

39 (52.0)

37 (49.3)

40 (52.6)

116 (51.3)

43 (55.1)

Asia Pacific

7 (9.3)

4 (5.3)

1 (1.3)

12 (5.3)

1 (1.3)

7.0 (2.2)

7.3 (2.1)

7.1 (2.3)

7.1 (2.2)

6.9 (2.2)

5 days

18 (24.0)

15 (20.0)

18 (23.7)

51 (22.6)

20 (25.6)

>5 days

57 (76.0)

60 (80.0)

58 (76.3)

175 (77.4)

57 (73.1)

Remdesivir prior to/at
randomization —
no. (%)

16 (21.3)

17 (22.7)

19 (25.0)

52 (23.0)

20 (25.6)

Systemic glucocorticoid
prior to/at randomization
— no. (%)*

44 (58.7)

50 (66.7)

53 (69.7)

147 (65.0)

57 (73.1)

Mild

15 (20.0)

9 (12.0)

8 (10.5)

32 (14.2)

9 (11.5)

Moderate

36 (48.0)

32 (42.7)

27 (35.5)

95 (42.0)

36 (46.2)

Severe

24 (32.0)

34 (45.3)

41 (53.9)

99 (43.8)

33 (42.3)

Time from sign/symptom
onset to randomization,
mean (SD) — no. (%)

Severity of Covid-19 —
no. (%)†

SARS-CoV-2 nasopharyngeal
RNA — no. (%)‡
Detectable

69 (92.0)

69 (92.0)

63 (82.9)

201 (88.9)

65 (83.3)

Undetectable

2 (2.7)

2 (2.7)

5 (6.6)

9 (4.0)

6 (7.7)

Unknown

4 (5.3)

4 (5.3)

8 (10.5)

16 (7.1)

7 (9.0)

Positive

26 (34.7)

19 (25.3)

24 (31.6)

69 (30.5)

28 (35.9)

Negative

29 (38.7)

36 (48.0)

32 (42.1)

97 (42.9)

30 (38.5)

Unknown

20 (26.7)

20 (26.7)

20 (26.3)

60 (26.5)

20 (25.6)

52 (69.3)

58 (77.3)

59 (77.6)

169 (74.8)

56 (71.8)

SARS-CoV-2 nucleocapsid
antibody — no. (%)§

Risk factors for severe
Covid-19¶ — no. (%)
At least one risk factor

(continued)
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Table 1. Participant Baseline Demographics and Clinical Characteristics nasopharyngeal (cont.)
Characteristic
Two or more risk factors

Molnupiravir 200 mg
(N=75)

Molnupiravir 400 mg
(N=75)

Molnupiravir 800 mg
(N=76)

Molnupiravir
Combined (N=226)

Placebo
(N=78)

26 (34.7)

29 (38.7)

28 (36.8)

83 (36.7)

24 (30.8)

Data provided for all randomized participants. Race was self-reported by participants according to a set of available options.
* Intravenous, intramuscular, or oral glucocorticoids, mostly dexamethasone. In the modified intent-to-treat population, the corresponding numbers
were 44 of 73 (60.3%) for molnupiravir 200 mg, 50 of 73 (68.5%) for molnupiravir 400 mg, 52 of 72 (72.2%) for molnupiravir 800 mg, 146 of 218
(67.0%) for molnupiravir combined, and 56 of 75 (74.7%) for placebo.
†
Definitions for disease severity were adapted from COVID-19: Developing Drugs and Biological Products for Treatment or Prevention Guidance for
Industry,11 WHO COVID-19 case definition,12 and Tenforde et al.13
‡
SARS-CoV-2 RNA real-time PCR assay.
§
Positive SARS-CoV-2 antibody tests (Roche Elecsys Anti-SARS-CoV-2 total nucleocapsid antibody assay; cutoff index <1.0 deemed negative, and cutoff
index 1.0 deemed positive) were reported for 37.9% of participants who had enrolled in the trial more than 5 days from sign/symptom onset
compared to 12.7% of participants enrolled 5 or fewer days from sign/symptom onset. This antibody test does not allow conclusions about
vaccination status (which was an exclusion criterion for this trial) but indicates recent/ongoing or prior infection with SARS-CoV-2.
¶
The following risk factors were evaluated, based on medical history and any other clinical information available to the investigator at screening: older
than 60 years of age, active cancer (other than minor cancers not associated with immunosuppression or significant morbidity/mortality [e.g., basal
cell carcinomas]), chronic kidney disease (excluding participants requiring dialysis or with an estimated glomerular filtration rate of less than 30 ml/
min/1.73 m2), chronic obstructive pulmonary disease, immunocompromised/solid-organ transplant recipient, obesity (body mass index 30 kg/m2 or
higher), serious heart conditions (congestive cardiac failure, coronary artery disease, and/or cardiomyopathies), diabetes mellitus, and sickle cell
disease.

dose) than placebo (Table S15). At end of treatment, mean
error rates per 10,000 nucleotides with an allele frequency 2% or higher were 5.9 with 800 mg molnupiravir
compared with 2.8 for placebo, consistent with molnupiravir’s mechanism of action. The proportion of participants
with undetectable SARS-CoV-2 RNA (Table S16) in each
group over time is shown in Figure 2, both for the overall
modiﬁed intent-to-treat population (Fig. 2A) and speciﬁcally for participants with 5 or fewer days since Covid-19
sign/symptom onset (Fig. 2B). There was no clear difference in SARS-CoV-2 RNA viral load reduction from baseline between molnupiravir and placebo (Table S17).

PHARMACOKINETICS
NHC plasma levels were available from 196 of 218 (89.9%)
participants; 917 samples were collected. Model-estimated
plasma NHC exposures (AUC0-12) and peak plasma concentrations (Cmax) after last dose increased proportionally with
molnupiravir dose (Fig. S1). Observed and model-estimated
NHC exposures and peak concentrations from these hospitalized patients with Covid-19 were similar to those seen in
healthy volunteers (Fig. S2). Intracellular NHC-TP levels
also demonstrated a dose-related increase and appeared to
have a longer terminal half-life than NHC (data not shown).

Discussion
In this phase 2, dose-ﬁnding component of the phase 2/3
MOVe-IN trial in patients hospitalized for Covid-19, three

molnupiravir dose levels (200 mg, 400 mg, and 800 mg)
administered twice daily for 5 days were not associated
with dose-limiting side effects up to the highest dose and
had adverse event rates comparable to those reported for
placebo. In the safety assessment period of this acute-care
trial (5 days of treatment and 14 days of observation for
adverse events, including any adverse events leading to
death), no safety concerns with molnupiravir were identiﬁed, including no evidence of hematologic, pancreatic, or
hepatic toxicity.
Many of the observed adverse events were associated with
Covid-19. A higher number of adverse events leading to
death were reported with molnupiravir than placebo. Most
of these deaths occurred in participants who were older,
had underlying comorbidities, and/or had severe Covid-19
at baseline, and most appeared to be associated with complications from Covid-19 (which was itself the most frequently reported adverse event term resulting in death).
While the percentage of participants with adverse events
leading to death was higher in each molnupiravir group
compared with placebo, the number of deaths was small
overall, and 95% conﬁdence intervals for the differences all
included zero. Furthermore, the overall mortality rate in
MOVe-IN of about 5% was relatively low for a trial conducted in roughly similar patients hospitalized for treatment of Covid-19; two large analyses reported mortality
rates of 12% and 26% among hospitalized, non–critically ill
patients with Covid-19,14,15 and a clinical trial with a study
design comparable to ours reported mortality rates of 11%
and 15% in hospitalized adults treated with remdesivir or
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Table 2. Incidence of Adverse Events During Treatment and the Subsequent 14-Day Follow-up Period Regardless of Investigator-Assessed Causality
Specific adverse event
type — no. (%)
Any adverse event*

Molnupiravir 200 mg
(N=73)

Molnupiravir 400 mg
(N=73)

Molnupiravir 800 mg
(N=72)

Molnupiravir
Combined (N=218)

Placebo
(N=75)

40 (54.8)

36 (49.3)

45 (62.5)

121 (55.5)

46 (61.3)

Blood and lymphatic
system disorders

0 (0.0)

2 (2.7)

2 (2.8)

4 (1.8)

3 (4.0)

Cardiac disorders

1 (1.4)

3 (4.1)

1 (1.4)

5 (2.3)

3 (4.0)

Congenital, familial, and
genetic disorders

0 (0.0)

0 (0.0)

1 (1.4)

1 (0.5)

0 (0.0)

Eye disorders

1 (1.4)

0 (0.0)

1 (1.4)

2 (0.9)

0 (0.0)

13 (17.8)

5 (6.8)

10 (13.9)

28 (12.8)

10 (13.3)

General disorders and
administration site
conditions

2 (2.7)

3 (4.1)

2 (2.8)

7 (3.2)

1 (1.3)

Hepatobiliary disorders

2 (2.7)

2 (2.7)

2 (2.8)

6 (2.8)

2 (2.7)

Immune system disorders
(seasonal allergy)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

1 (1.3)

Infections and infestations

13 (17.8)

10 (13.7)

16 (22.2)

39 (17.9)

12 (16.0)

Injury, poisoning, and
procedural complications

0 (0.0)

0 (0.0)

1 (1.4)

1 (0.5)

1 (1.3)

Investigations

9 (12.3)

11 (15.1)

15 (20.8)

35 (16.1)

19 (25.3)

10 (13.7)

12 (16.4)

4 (5.6)

26 (11.9)

6 (8.0)

Musculoskeletal and
connective tissue disorders

3 (4.1)

0 (0.0)

0 (0.0)

3 (1.4)

1 (1.3)

Neoplasms benign,
malignant and unspecified

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

1 (1.3)

Gastrointestinal
disorders

Metabolism and nutrition
disorders

Nervous system disorders

3 (4.1)

2 (2.7)

1 (1.4)

6 (2.8)

3 (4.0)

Psychiatric disorders

4 (5.5)

1 (1.4)

3 (4.2)

8 (3.7)

4 (5.3)

Renal and urinary disorders

2 (2.7)

0 (0.0)

6 (8.3)

8 (3.7)

2 (2.7)

Respiratory, thoracic, and
mediastinal disorders

8 (11.0)

7 (9.6)

9 (12.5)

24 (11.0)

11 (14.7)

Skin and subcutaneous tissue
disorders

6 (8.2)

1 (1.4)

3 (4.2)

10 (4.6)

5 (6.7)

Vascular disorders
Any serious adverse event
Death†

2 (2.7)

4 (5.5)

5 (6.9)

11 (5.0)

2 (2.7)

11 (15.1)

9 (12.3)

13 (18.1)

33 (15.1)

12 (16.0)

6 (8.2)

4 (5.5)

4 (5.6)

14 (6.4)

2 (2.7)

Data provided for the safety population (i.e., all randomly assigned participants who received at least one dose of study treatment according to actual
treatment received).
* Only one participant in this trial (in the molnupiravir 400 mg group) discontinued study intervention due to an adverse event (i.e., acute respiratory
failure, reported as resolved after approximately 2 months, which was serious).
†
A total of four deaths occurred after day 29 (n=1 placebo, n=2 molnupiravir 200 mg, and n=1 molnupiravir 800 mg), and although included in this
adverse event analysis, are excluded from the mortality efficacy analysis.

placebo, respectively.16 In line with other clinical trials,
there were no apparent drug or dose effects on adverse
event rates, including no clear impact on mortality.5,9,10,17,18
As with any new drug, long-term toxicity can only be fully
ascertained through ongoing pharmacovigilance.
We did not observe clinical efﬁcacy of molnupiravir in the
hospitalized participants studied: sustained recovery rates
through day 29, the primary efﬁcacy end point, were

comparable across groups with identical median recovery
times for all active and placebo groups. These results were
consistent across analyzed subgroups, including participants who had not received treatment with remdesivir or
glucocorticoids before or at randomization. Moreover,
molnupiravir treatment did not impact secondary efﬁcacy
outcomes, including day 29 all-cause mortality; of note,
mortality analyses were limited by unavailability of survival data from two participants who prematurely
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Table 3. Rates of Sustained Recovery from Covid-19 and All-Cause Mortality Through Study Day 29
Characteristic

Molnupiravir 200 mg

Molnupiravir 400 mg

Molnupiravir 800 mg

Placebo

Sustained recovery* through day 29 (primary
efficacy end point)
Overall
Number of participants

73

73

72

75

Recovery rate at day 29, % (95% CI)†

81.5 (71.4, 89.7)

85.2 (75.4, 92.6)

84.3 (74.8, 91.6)

84.7 (75.5, 91.9)

Recovery rate ratio vs. placebo (95% CI)‡

0.99 (0.68, 1.45)

1.13 (0.78, 1.65)

1.01 (0.69, 1.47)

—

17

14

16

19

74.9 (52.7, 92.2)

81.5 (55.3, 97.1)

93.8 (75.3, 99.6)

100.0 (—, —)

0.51 (0.24, 1.10)

0.65 (0.28, 1.47)

1.11 (0.55, 2.23)

—

57

56

53

55

78.0 (66.0, 88.0)

83.8 (72.3, 92.4)

84.3 (73.1, 92.7)

83.0 (71.8, 91.6)

1.04 (0.68, 1.59)

1.16 (0.76, 1.77)

1.09 (0.72, 1.67)

—

Time since sign/symptom onset 5 days
before randomization§
Number of participants
Recovery rate at day 29, % (95% CI)

†

Recovery rate ratio vs. placebo (95% CI)¶
No prior and/or concomitant remdesivir use§
Number of participants
Recovery rate at day 29, % (95% CI)

†

Recovery rate ratio vs. placebo (95% CI)¶
No prior and/or concomitant
glucocorticoid use§
Number of participants

29

23

20

19

Recovery rate at day 29, % (95% CI)†

70.1 (52.7, 85.8)

88.3 (69.1, 98.0)

84.2 (65.1, 96.1)

88.1 (68.6, 98.0)

Recovery rate ratio vs. placebo (95% CI)¶

0.87 (0.42, 1.80)

1.10 (0.49, 2.50)

1.31 (0.60, 2.84)

—

30

29

30

31

63.6 (45.7, 81.2)

78.3 (60.7, 91.8)

78.5 (62.1, 91.3)

81.9 (65.8, 93.4)

0.60 (0.32, 1.13)

0.88 (0.49, 1.61)

0.86 (0.48, 1.54)

—

>60 years old§
Number of participants
Recovery rate at day 29, % (95% CI)

†

Recovery rate ratio vs. placebo (95% CI)¶
Negative for SARS-CoV-2 baseline nucleocapsid
antibody§
Number of participants

29

36

32

30

Recovery rate at day 29, % (95% CI)†

77.7 (60.8, 90.9)

81.1 (66.1, 92.3)

77.4 (61.7, 90.0)

78.5 (62.1, 91.3)

Recovery rate ratio vs. placebo (95% CI)¶

0.80 (0.40, 1.59)

0.88 (0.47, 1.66)

1.01 (0.54, 1.87)

—

All-cause mortality through day 29|| (secondary
end point)
Number of participants

73

73

72

75

Number of deaths (%)

4 (5.5%)

5†† (6.8%)

4‡‡ (5.6%)

1 (1.3%)

4.1 (-2.3, 12.1)

5.5 (-1.1, 13.9)

4.2 (-2.3, 12.3)

—

Difference to placebo, % (95% CI)**

Data provided for the modified intent-to-treat population (i.e., all randomly assigned participants who received at least one dose of study treatment
according to randomized treatment). The widths of the confidence intervals have not been adjusted for multiplicity and therefore cannot be used to
infer treatment effects.
CI denotes confidence interval.
* Sustained recovery was defined as participants being alive and either not hospitalized (i.e., discharged from the hospital, not rehospitalized or
transferred to another hospital, and not discharged to hospice care) or medically ready for hospital discharge (i.e., does not require ongoing medical
care, such as home oxygen, but remains in the hospital for infection control or nonmedical reasons) through day 29.
†
Calculated using the Kaplan-Meier method.
‡
Calculated using Cox regression models with treatment and randomization stratification factors as covariates; the proportional hazards assumption
was met.
§
This was a retrospective analysis not prespecified in the statistical analysis plan.
¶
Calculated using Cox regression models with treatment as covariate; the proportional hazards assumption was met for all these analyses.
||
Unknown survival status on day 29 was imputed as death for purposes of this analysis.
** Differences and confidence intervals were calculated using the Miettinen-Nurminen method.
††
One participant was imputed/analyzed as having died, but actually had unknown survival status at day 29 (withdrew consent on day 2).
‡‡
One participant was imputed/analyzed as having died, but actually had unknown survival status at day 29 (lost to follow-up on day 9).
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A
Participants with undetectable
SARS-CoV-2 RNA (%)

100

MOV 200 mg
MOV 400 mg
MOV 800 mg
Placebo

80

60
MOV 200 mg

MOV 800 mg

40

MOV 400 mg
Placebo

20

0
Baseline

Day 3

EOT

Day 10

Day 15

MOV 200 mg
MOV 400 mg
MOV 800 mg

0/69

7/64

12/66

17/55

33/60

0/69

1/62

6/59

19/56

21/50

0/63

3/60

6/58

18/57

26/52

Placebo

0/65

4/61

10/54

14/57

26/60

B
Participants with undetectable
SARS-CoV-2 RNA (%)

100

MOV 200 mg
MOV 400 mg
MOV 800 mg
Placebo

80

60

MOV 800 mg

40

MOV 200 mg
MOV 400 mg
Placebo

20

0
Baseline

Day 3

EOT

Day 10

Day 15

MOV 200 mg
MOV 400 mg
MOV 800 mg

0/17

0/15

1/17

2/14

6/15

0/14

1/13

2/11

2/10

3/8

0/11

0/11

1/11

4/11

6/10

Placebo

0/15

0/13

1/12

0/12

3/12

Figure 2. Undetectable SARS-CoV-2 RNA in All Participants (A) and Participants with 5 or Fewer Days
Since Covid-19 Sign/Symptom Onset (B).
Assessed in modiﬁed intent-to-treat population participants (i.e., all randomly assigned participants who received at least one dose of
study treatment according to randomized treatment) with baseline SARS-CoV-2 titer 500 copies/ml. Denominators represent number
of participants eligible for this analysis and with relevant data available. MOV denotes molnupiravir.

withdrew from the trial and were conservatively imputed
as having died. NHC plasma exposures were comparable
to those anticipated from healthy volunteer data.5
It was previously found that molnupiravir and NHC
increased mutation rates in the in vitro bacterial reverse
mutation assay (Ames assay) and NHC in an in vitro Hprt

assay.19 However, in vivo studies, including data from two
different, well-characterized, robust rodent mutagenicity
models,20,21 indicate that molnupiravir is not mutagenic in
mammals at durations and doses (milligrams per kilogram)
substantially greater than those being used in the clinic.8
Also, molnupiravir did not induce chromosomal damage in
in vitro micronucleus and in vivo rat micronucleus assays.8
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These in vivo data provide evidence that the in vitro mutagenicity is unlikely to be biologically relevant in humans,
but only clinical pharmacovigilance can provide a clear
answer to this question.

(Funded by Merck Sharp & Dohme Corp., a subsidiary of
Merck & Co., Inc., Kenilworth, NJ).

Disclosures
Author disclosures and other supplementary materials are available at

In contrast to immunomodulatory drugs such as glucocorticoids,22 tocilizumab,23–25 baricitinib,26,27 anakinra,28 and
otilimab,29 nonimmunomodulatory direct antiviral treatments have not conclusively been shown to improve the
survival of hospitalized patients with Covid-19 in prospective controlled clinical trials16,30–33; however, some of these
agents retain potential therapeutic promise in certain subgroups of hospitalized patients. The most likely explanation for the difﬁculty of achieving clinical beneﬁt with
antivirals in the hospitalized population is the timing of
treatment initiation in relation to symptom onset and disease severity. In acute respiratory infections like Covid-19,
symptom onset is generally near the time of peak viral replication. In this scenario, it is reasonable to speculate that
antiviral treatments should be initiated as early as possible
to increase their likelihood of blunting disease progression.
In the upper respiratory tract, SARS-CoV-2 viral load peaks
within 7 days, and live, replication-competent virus generally cannot be recovered after 9 to 10 days following symptom onset.34,35 For this reason, our trial design limited
eligibility to participants with 10 or fewer days of sign/
symptom duration, since the host inﬂammatory response
rather than viral load predominates Covid-19 disease processes after that time. The need for early initiation of antiviral treatment in Covid-19 is further supported by published
data demonstrating clinical and virologic efﬁcacy of convalescent plasma and monoclonal antibodies when used in
the outpatient setting during very early disease (average
time since symptom onset: 2 to 4 days),36–38 while the same
treatments generally lacked those beneﬁts when used in
hospitalized patients, albeit with some exceptions.31,32
In this phase 2 trial, a 5-day course of molnupiravir twice
daily was not associated with dose-limiting side effects,
but there was no signal of clinical beneﬁt. The data from
this trial, when considered alongside the positive outcomes when the same treatment was given to patients
with Covid-19 but treated in an outpatient setting,9,10 are
consistent with the hypothesis that the delay in initiating
treatment relative to symptom onset in this study population accounted for our inability to demonstrate a clear
therapeutic beneﬁt.
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