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ABSTRACT

BACKGROUND

New treatments are needed to reduce the risk of progression of coronavirus dis-
ease 2019 (Covid-19). Molnupiravir is an oral, small-molecule antiviral prodrug that
is active against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

METHODS
We conducted a phase 3, double-blind, randomized, placebo-controlled trial to evalu-
ate the efficacy and safety of treatment with molnupiravir started within 5 days
after the onset of signs or symptoms in nonhospitalized, unvaccinated adults with
mild-to-moderate, laboratory-confirmed Covid-19 and at least one risk factor for
severe Covid-19 illness. Participants in the trial were randomly assigned to receive
800 mg of molnupiravir or placebo twice daily for 5 days. The primary efficacy
end point was the incidence hospitalization or death at day 29; the incidence of
adverse events was the primary safety end point. A planned interim analysis was
performed when 50% of 1550 participants (target enrollment) had been followed
through day 29.

RESULTS

A total of 1433 participants underwent randomization; 716 were assigned to receive
molnupiravir and 717 to receive placebo. With the exception of an imbalance in
sex, baseline characteristics were similar in the two groups. The superiority of
molnupiravir was demonstrated at the interim analysis; the risk of hospitalization
for any cause or death through day 29 was lower with molnupiravir (28 of 385
participants [7.3%]) than with placebo (53 of 377 [14.1%)]) (difference, —6.8 percent-
age points; 95% confidence interval, —11.3 to —2.4; P=0.001). In the analysis of all
participants who had undergone randomization, the percentage of participants
who were hospitalized or died through day 29 was lower in the molnupiravir group
than in the placebo group (6.8% [48 of 709] vs. 9.7% [68 of 699]; difference, —3.0
percentage points; 95% confidence interval, —5.9 to —0.1). Results of subgroup
analyses were largely consistent with these overall results; in some subgroups,
such as patients with evidence of previous SARS-CoV-2 infection, those with low
baseline viral load, and those with diabetes, the point estimate for the difference
favored placebo. One death was reported in the molnupiravir group and 9 were
reported in the placebo group through day 29. Adverse events were reported in 216
of 710 participants (30.4%) in the molnupiravir group and 231 of 701 (33.0%) in
the placebo group.

CONCLUSIONS
Early treatment with molnupiravir reduced the risk of hospitalization or death in
atrisk, unvaccinated adults with Covid-19. (Funded by Merck Sharp and Dohme;
MOVe-OUT ClinicalTrials.gov number, NCT04575597.)
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HE CORONAVIRUS DISEASE 2019 (COVID-19)

pandemic, caused by severe acute respira-

tory syndrome coronavirus 2 (SARS-CoV-2),
has seen almost 270 million confirmed cases
and over 5.2 million reported deaths worldwide.!
A substantial portion of patients with Covid-19
need hospitalization, predominantly older adults
and persons with preexisting conditions (e.g.,
obesity, diabetes mellitus, and serious cardiac
conditions).>* Several vaccines that are highly ef-
fective in reducing the incidence of hospitaliza-
tion and death have been authorized; however,
vaccine coverage remains insufficient.>® Anti-
viral therapies that reduce the risk of Covid-19
progression are needed. Since trials have shown
the need for initiation of treatment as soon as
possible after the onset of symptoms,™ such ther-
apies would ideally be readily available and eas-
ily administered by the patients themselves.®!!

Molnupiravir is a small-molecule ribonucleo-
side prodrug of N-hydroxycytidine (NHC), which
has activity against SARS-CoV-2 and other RNA
viruses and a high barrier to development of
resistance.”*® After oral administration of mol-
nupiravir, NHC circulates systemically and is
phosphorylated intracellularly to NHC triphos-
phate. NHC triphosphate is incorporated into
viral RNA by viral RNA polymerase and subse-
quently misdirects the viral polymerase to incor-
porate either guanosine or adenosine during vi-
ral replication. This leads to an accumulation of
deleterious errors throughout the viral genome
that ultimately render the virus noninfectious
and unable to replicate 182022
Molnupiravir was evaluated in several phase 1

and 2 trials.”®?*>* On the basis of exposure—
response analyses from phase 2 trials, an 800-mg
dose of molnupiravir was selected for further
investigation,® including evaluation in phase 3
of the MOVe-OUT trial in at-risk, nonhospital-
ized adults in whom the onset of signs or symp-
toms of Covid-19 had occurred not more than
5 days earlier. Here we report efficacy and safety
results from the phase 3 component of the
MOVe-OUT trial.

METHODS

TRIAL DESIGN AND RANDOMIZATION
The phase 3 component of MOVe-OUT, a phase
2-3, double-blind, parallel-group, randomized,
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placebo-controlled trial evaluating the safety and
efficacy of molnupiravir in nonhospitalized adults
with Covid-19, was initiated on May 6, 2021,
when the first participant was screened. On the
basis of positive efficacy results from a planned
interim analysis performed when 50% of 1550
participants (target enrollment) had been fol-
lowed through day 29 (achieved on September
10, 2021), an independent data monitoring com-
mittee recommended that recruitment be stopped
early. Recruitment had been ongoing during the
interim analysis review; the final participant was
enrolled on October 2, 2021, and completed the
day 29 visit on November 4, 2021.

Nonhospitalized adults with mild or moder-
ate Covid-19 were eligible; mild or moderate ill-
ness was determined on the basis of definitions
adapted from Food and Drug Administration®
and World Health Organization (WHO) guid-
ance.” Key inclusion criteria at randomization
were SARS-CoV-2 infection that had been labo-
ratory-confirmed no more than 5 days earlier,
onset of signs or symptoms no more than 5 days
earlier, at least one sign or symptom of Covid-19,
and at least one risk factor for development of
severe illness from Covid-19 (age >60 years;
active cancer; chronic kidney disease; chronic
obstructive pulmonary disease; obesity, defined
by a body-mass index [the weight in kilograms
divided by the square of the height in meters]
>30; serious heart conditions [heart failure,
coronary artery disease, or cardiomyopathies]; or
diabetes mellitus). Key exclusion criteria were an
anticipated need for hospitalization for Covid-19
within the next 48 hours, dialysis or estimated
glomerular filtration rate less than 30 ml per
minute per 1.73 m?, pregnancy, unwillingness to
use contraception during the intervention period
and for at least 4 days after completion of the
regimen, severe neutropenia (absolute neutrophil
count of <500 per milliliter), platelet count below
100,000 per microliter, and SARS-CoV-2 vaccina-
tion. Standard-of-care treatment with antipyretic
agents, antiinflammatory agents, glucocorticoids,
or a combination was permitted; use of thera-
pies intended as Covid-19 treatments (including
any monoclonal antibodies and remdesivir) was
prohibited through day 29. Detailed eligibility
criteria are listed in the protocol, available with
the full text of this article at NEJM.org.

Eligible participants were randomly assigned
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in a 1:1 ratio through the use of a centralized,
interactive-response technology system to receive
either molnupiravir (800 mg delivered as four
200-mg capsules) or identical placebo, adminis-
tered orally twice daily for 5 days. Randomiza-
tion was stratified in blocks of four according
to the time since onset of signs or symptoms
(£3 days vs. >3 days). Participants and investiga-
tors will remain unaware of the treatment assign-
ments until all actively enrolled participants have
undergone the 7-month follow-up visit.

OVERSIGHT

The trial is being conducted in accordance with
Good Clinical Practice guidelines and was ap-
proved by the appropriate institutional review
boards, ethics committees, and regulatory agen-
cies. Written informed consent was obtained from
all the participants. The trial was designed by
representatives of the sponsor. Safety oversight
was performed by the sponsor and an indepen-
dent data monitoring committee. Data were col-
lected by the investigators and site personnel,
analyzed by statisticians employed by the sponsor,
and interpreted by the authors. The authors vouch
for the accuracy and completeness of the data
and for the fidelity of the trial to the protocol.

ASSESSMENTS

Vaccination status was reported by the partici-
pants. The presence of baseline SARS-CoV-2 nu-
cleocapsid antibodies was assessed centrally with
the Elecsys assay (Roche Diagnostics). Covid-19
signs and symptoms were reported as not present,
mild, moderate, or severe by participants daily,
from randomization through day 29, in paper
diaries. A list of all 15 signs and symptoms is
provided in the protocol. Nasopharyngeal swabs
to be used for quantitation of SARS-CoV-2 RNA
through the use of polymerase-chain-reaction
assay and for baseline viral genotyping through
the use of next-generation sequencing, both per-
formed at a central laboratory, were collected on
days 1, 3, 5 (end-of-treatment visit), 10, 15, and
29; assessments of hospitalization status and
vital signs, laboratory tests, and physical exami-
nations were also performed on those days.
Adverse events were assessed during the treat-
ment period and for 14 days after the end of the
treatment period; data on serious adverse events
considered by the investigator to be related to
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the assigned regimen were collected through the
end of study participation.

END POINTS
The primary efficacy end point was the inci-
dence of hospitalization for any cause (defined
as 224 hours of acute care in a hospital or any
similar facility) or death through day 29 in the
modified intention-to-treat population, which
consisted of all participants who had undergone
randomization, had received at least one dose of
molnupiravir or placebo, and were not hospital-
ized before the first dose. Every effort was made
to ascertain survival and hospitalization status
through day 29 for participants who discontin-
ued participation early. The primary safety end
point was the incidence of adverse events. Safety
outcomes, including percentages of participants
with adverse events, were evaluated in the safety
population, which consisted of all participants
who had undergone randomization and had
received at least one dose of molnupiravir or
placebo. Participants were evaluated for any
postbaseline platelet levels below 50,000 per
microliter and for potential drug-induced liver
injury according to prespecified changes in liver
enzymes (see the protocol for details).
Secondary efficacy end points were based on
the WHO 11-point Clinical Progression Scale
and on patients’ reported Covid-19 signs and
symptoms through day 29. Improvement (i.e.,
abatement) and progression of Covid-19 signs
and symptoms were defined as any reduction
and worsening, respectively, of baseline symp-
tom severity. The time to sustained resolution or
abatement of signs or symptoms was defined as
the number of days from randomization to the
first of 3 consecutive days of resolution or alle-
viation (without subsequent relapse by day 29)
and the time to progression of signs or symp-
toms as the number of days from randomization
to the first of 2 consecutive days of worsening.
Exploratory end points included mean changes
in SARS-CoV-2 viral load from baseline.

STATISTICAL ANALYSIS

Formal evaluation through hypothesis testing of
the efficacy of molnupiravir as compared with
placebo was based on the difference (molnupira-
vir minus placebo) in the percentages of partici-
pants meeting the primary efficacy end point,
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assessed through the stratified (by the time of
onset of signs or symptoms: <3 days vs. >3 days)
Miettinen and Nurminen method, which was
used to calculate the adjusted risk difference and
associated 95% confidence intervals for analysis
using Cochran—-Mantel-Haenszel weights.?® The
planned enrollment of 1550 participants was
selected to ensure greater than 95% power to
demonstrate superiority in the primary end
point at a one-sided 2.5% alpha level if the un-
derlying event rates were 6% with molnupiravir
and 12% with placebo. Missing mortality status
at day 29 was imputed as hospitalization or
death. All time-to-event analyses were conducted
with use of the stratified log-rank test and a Cox
proportional hazards model. Changes from base-
line in log,, SARS-CoV-2 RNA titer were esti-
mated with constrained longitudinal analysis
models, allowing adjustment for differences in
mean baseline RNA titers. All analyses were
conducted with the use of SAS, version 9.4 (SAS
Institute).

A prespecified interim analysis for early effi-
cacy or futility was planned to occur once 50%
of the 1550 participants (target enrollment) had
been followed through day 29. This analysis was
based on the primary efficacy end point accord-
ing to prospectively set stopping boundaries that
were reviewed by regulatory agencies. To main-
tain control of the type I error at an overall one-
sided level of 0.025, the efficacy boundaries for
evaluation of the primary end point were deter-
mined with the use of the gamma family alpha-
spending function, with y equal to —1.% At the
time of the interim analysis, a one-sided P value
of less than 0.0092 was needed to demonstrate
early efficacy (superiority of molnupiravir over
placebo) on the basis of the prespecified alpha-
spending function. No additional hypothesis test-
ing was planned or performed. Efficacy and
safety results of this interim analysis were re-
viewed by the independent data monitoring
committee. Because the efficacy results at the
interim analysis met the statistical criterion for
superiority over placebo, no additional formal
statistical testing was planned for the primary
efficacy end point. Efficacy data for all partici-
pants in the phase 3 population (i.e., the all-
randomized sample) are also reported. In addi-
tion to prespecified subgroup analyses for the
primary end point, we conducted post hoc sub-

N ENGL J MED

group analyses according to SARS-CoV-2 clade
designation (variant) and baseline risk factor.

RESULTS

PARTICIPANTS

The planned interim analysis included 775 par-
ticipants (comprising 54.1% of the all-random-
ized sample) who were enrolled at 78 sites in 15
countries and underwent randomization (Fig. S1
in the Supplementary Appendix, available at
NEJM.org). The final, all-randomized analysis
sample included a total of 1433 participants who
were enrolled at 107 sites in 20 countries and
underwent randomization (Fig. 1 and Table S1).
With the exception of sex, baseline demographic
and clinical characteristics were generally simi-
lar in the two groups at the time of both the
interim analysis (Table S2) and the all-random-
ized analysis (Table 1 and Table S3). More women
were randomly assigned to molnupiravir, and
the imbalance was larger in the interim analysis
sample (difference, 7.6 percentage points) than
in the all-randomized sample (difference, 4.7
percentage points). The participants were largely
representative of the expected patient population
(Table S4). Overall, 47.7% of the participants had
had onset of signs or symptoms 3 days or less
before randomization and 44.5% had moderate
Covid-19. The most common risk factors were
obesity (73.7%), age over 60 years (17.2%), and
diabetes mellitus (15.9%). SARS-CoV-2 nucleo-
capsid antibodies at baseline, indicating recent
or previous infection (not vaccination), were re-
ported among 19.8% of participants. Owing to
the ongoing nature of testing, 25.9% of the
participants in the interim analysis sample did
not have baseline sequence data available, and
44.7% in the all-randomized sample did not
have baseline sequence data available at the time
of this report. Among all participants who un-
derwent randomization and had sequence data
available, the three most common SARS-CoV-2
variants were B.1.617.2 (delta; 58.1%), B.1.621
(mu; 20.5%), and P.1 (gamma; 10.7%). Almost
all the participants (98.3%; 709 in the molnupi-
ravir group and 699 in the placebo group) were
included in the modified intention-to-treat pop-
ulation (Fig. 1). Among those who received mol-
nupiravir or placebo, most (95.2% in the molnu-
piravir group and 94.7% in the placebo group)
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for eligibility

1637 Participants were assessed

204 Were screened but did

not undergo randomization

1433 Underwent randomization

Y

71

6 Were assigned to receive molnupiravir
680 Completed 5-day intervention period
30 Discontinued molnupiravir
10 Had adverse event
8 Were not adherent to assigned
regimen
8 Withdrew
4 Had other reason
6 Did not receive molnupiravir

717 Were assigned to receive placebo
665 Completed 5-day intervention period
36 Discontinued placebo
20 Had adverse event
7 Were not adherent to assigned
regimen
5 Withdrew
4 Had other reason
16 Did not receive placebo

30 Discontinued trial
22 Withdrew
1 Died
7 Had other reason

680 Completed 29-day trial period

709 Were included in the modified
intention-to-treat population
7 Were excluded
1 Was hospitalized before
dose 1

6 Did not receive molnupiravir

699 Were included in the modified
intention-to-treat population
18 Were excluded
2 Were hospitalized before
dose 1
16 Did not receive placebo

672 Completed 29-day trial period
29 Discontinued trial
15 Withdrew
9 Died
5 Had other reason

Figure 1. Randomization and Flow of Participants from Baseline through Day 29.

received at least 9 doses. Survival status at day
29 was confirmed for all but a single participant
in the modified intention-to-treat population,
including participants who discontinued the trial
early; this single participant (in the placebo
group), whose hospitalization status at day 29
was also unknown, was the only one for whom
the primary end point was imputed as hospital-
ized or dead. For two additional participants,
hospitalization status at day 29 could not be
determined; these participants were confirmed
to be alive at day 29 and were therefore counted
as alive and not hospitalized through day 29, in
accordance with the prespecified analysis plan.

EFFICACY

Molnupiravir met the prespecified superiority
criterion at the time of the interim analysis; at
day 29, the percentage of participants in the
modified intention-to-treat population who had
been hospitalized or had died was significantly
lower in the molnupiravir group (7.3% [28 of 385
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participants]) than in the placebo group (14.1%
[53 of 377 participants), a treatment difference
of 6.8 percentage points (95% confidence inter-
val [CI], =11.3 to —2.4; P=0.001). In the all-ran-
domized modified intention-to-treat population,
participants receiving molnupiravir had a lower
risk of hospitalization or death through day 29:
6.8% (48 of 709 participants) in the molnupiravir
group as compared with 9.7% (68 of 699 par-
ticipants) in the placebo group (difference, 3.0
percentage points; 95% CI, —5.9 to —0.1). A pre-
specified supporting analysis specifically evalu-
ating only Covid-19-related hospitalizations or
deaths (Fig. S2) showed that 45 of 709 partici-
pants (6.3%) in the molnupiravir group and 64
of 699 (9.2%) in the placebo group had hospital-
izations or deaths that were considered by the
investigators to be Covid-19-related (difference,
2.8 percentage points; 95% CI, 5.7 to 0.0). The
results of a post hoc analysis adjusted for par-
ticipant sex (the only baseline factor potentially
unbalanced between the groups) were consistent
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Table 1. Demographic and Clinical Characteristics of the Participants at Baseline.*

Molnupiravir Placebo Total

Characteristic (N=716) (N=717) (N=1433)
Female sex— no. (%) 384 (53.6) 351 (49.0) 735 (51.3)
Age group — no. (%)

18-49 yr 484 (67.6) 465 (64.9) 949 (66.2)

=50 yr 232 (32.4) 252 (35.1) 484 (33.8)
Median age (range) — yr 42.0 (18-90) 44.0 (18-88) 43.0 (18-90)
Risk factors for severe illness from Covid-19 — no. (%)

At least one risk factor 712 (99.4) 712 (99.3) 1424 (99.4)

Obesity 538 (75.1) 518 (72.2) 1056 (73.7)

Age >60 yr 119 (16.6) 127 (17.7) 246 (17.2)

Diabetes mellitus 107 (14.9) 121 (16.9) 228 (15.9)

Serious heart condition 86 (12.0) 81 (11.3) 167 (11.7)

Chronic kidney disease 8 (5.3) 46 (6.4) 84 (5.9)

Chronic obstructive pulmonary disease (3 1) 35 (4.9) 57 (4.0)

Active cancer 3 (1.8) 16 (2.2) 29 (2.0)
Covid-19 severity — no. (%)

Mild 395 (55.2) 390 (54.4) 785 (54.8)

Moderate 315 (44.0) 323 (45.0) 638 (44.5)

Severe or unknowni: 6 (0.8) 4 (0.6) 10 (0.7)
Clade designation; variant — no. (%)

20H; beta 5(0.7) 6 (0.8) 1(0.8)

201; alpha 12 (1.7) 9 (1.3) (1 5)

20J; gamma 37 (5.2) 48 (6.7) 5 (5.9)

21A, 211, 21J; delta 237 (33.1) 223 (31.1) 460 (32.1)

21G; lambda 4(2.0) 7 (1.0) 21 (1.5)

21H; mu 76 (10.6) 86 (12.0) 162 (11.3)

Other§ 6(2.2) 16 (2.2) 2 (2.2)

Evaluable sequence data not yet available 319 (44.6) 322 (44.9) 641 (44.7)
Time from onset of Covid-19 signs or symptoms to 342 (47.8) 342 (47.7) 684 (47.7)

randomization of <3 days — no. (%)9
SARS-CoV-2 RNA in nasopharyngeal sample, qualitative
assay — no. (%)

Detectable 615 (85.9) 615 (35.8) 1230 (85.8)

Undetectable 54 (7.5) 51 (7.1) 105 (7.3)
SARS-CoV-2 nucleocapsid antibody — no. (%)i|

Positive 137 (19.1) 147 (20.5) 284 (19.8)

Negative 541 (75.6) 521 (72.7) 1062 (74.1)

* Participants are those who underwent randomization.

T Obesity was defined by a body-mass index of 30 or higher.

I Missing data, invalid samples, tests not done, or results reported as “unknown” are all categorized as unknown and
are not shown individually (see Table S3 in the Supplementary Appendix for details).

§ “Other” includes the following clades: 19B, 20A, 20B, 20C, 20D, and unknown clades or those that could not be classified.

9§ The time period was based on data collected at randomization.

| Data are based on nucleocapsid antibody assay and do not reflect prior vaccination status, since Covid-19 vaccines
generate antibodies against the SARS-CoV-2 spike protein, not the SARS-CoV-2 nucleocapsid protein.
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No. at Risk
Molnupiravir 709 699 693 670 665 661
Placebo 699 693 674 637 634 631
No. of Events
Molnupiravir 10 6 23 5 4 0
Placebo 5 19 37 3 3 0
Figure 2. Time-to-Event Analysis of Hospitalization or Death through Day 29 in the Modified Intention-to-Treat
Population.
Shown are Kaplan—Meier curves with 95% confidence intervals (I bars). X indicates censored values. Data for the
single participant with unknown survival status and no hospitalization reported were censored on the day when the
participant was last known to be alive. The inset shows the same data on an expanded y axis.

with those of the primary analysis, with a risk of
hospitalization or death through day 29 that was
lower by 2.8 percentage points (95% CI, 5.7 to 0.1)
with molnupiravir over placebo. The results of a
time-to-event analysis were also consistent with
the primary results; the rate of hospitalization or
death through day 29 was approximately 31%
lower with molnupiravir than with placebo (haz-
ard ratio, 0.69; 95% CI, 0.48 to 1.01) (Fig. 2). One
death was reported in the molnupiravir group
(29-day all-cause mortality, 0.1%) and 9 deaths
in the placebo group (29-day all-cause mortality,
1.3%) (Fig. S2), a risk of death that was lower by
89% (95% CI, 14 to 99) with molnupiravir than
with placebo. All 10 participants had been hos-
pitalized before death, and all the deaths were
considered by the investigators to be Covid-19-
related. In most prespecified subgroups, the per-
centage of participants who were hospitalized or
died was lower with molnupiravir than placebo,
but the associated confidence intervals indicate
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substantial uncertainty about the magnitude of
these effects (Fig. 3). The point estimate for the
difference in the risk of hospitalization or death
through day 29 favored placebo over molnupira-
vir only in patients with SARS-CoV-2 nucleocap-
sid antibodies at baseline; patients with low viral
load at baseline; patients with diabetes at base-
line; patients who identified themselves as Asian
only, Black only, Native American only, or mixed
Black—Native American-White; and patients en-
rolled in the Asia-Pacific region; all the associ-
ated 95% confidence intervals included zero and
some were fairly wide, particularly because some
of these subgroups had small sample sizes (Fig.
S3). Because sequencing for baseline clade is still
ongoing, outcomes according to causative SARS-
CoV-2 variant were available for only 55.7% of all
modified intention-to-treat participants at the
time of this report; subgroup analyses according
to baseline variants for those with available data
are shown in Fig. S3.
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Subgroup Molnupiravir Placebo Absolute Risk Reduction (95% Cl)
no. of events/no. of participants percentage points
Sex E
Female 16/379 27/344 —e -3.6 (-7.4 10 -0.2)
Male 32/330 41/355 —a—— -1.9 (-6.5 to 2.8)
Days since onset of symptoms i
<3 25/339 28/335 —a— -1.0 (-5.2 t0 3.2)
>3 23/370 40/364 —e 4.8 (-9.0t0 -0.7)
Baseline Covid-19 severity E
Mild 19/395 27/376 —an 2.4 (-5.9 t0 1.0)
Moderate 29/311 40/321 —— 3.1 (-8.1t0 1.8)
Baseline SARS-CoV-2 nucleocapsid antibody status H
Positive 5/136 2/146 i 23 (-1.7t0 7.1)
Negative 39/541 64/520 —— -5.1 (-8.8 to -1.6)
Risk factors for severe Covid-19 E
>60 yr of age 12/118 16/127 — 2.4 (-10.6 t0 5.8)
Obese 29/535 46/507 —a— -3.7 (-6.9 t0 -0.5)
Diabetes mellitus 17/107 17/117 — 1.4 (-8.2to 11.1)
Serious heart condition 8/86 9/78 I—I—E—i -2.2 (-12.4to0 7.5)
Race H
American Indian or Native American 18/207 21/199 I—I—E—i -1.9 (-7.8 to 4.0)
Asian 7/25 7/23 LI -2.4 (not calculated)
Black 10/157 15/142 — -42 (-11.1102.2)
White 29/556 54/573 —— -4.2 (-7.3t0-1.2)
Baseline SARS-CoV-2 qualitative assay E
Detectable 45/614 61/613 ——t -2.6 (-5.8 10 0.5)
Undetectable 0/54 0/51 l—I:—I 0.0 (-7.1t0 6.7)
Unknown 3/41 7/35 ey -12.7 (-29.9 t0 2.9)
30 20 -0 0 10 20
Molnupiravir Better Placebo Better
Figure 3. Incidence of Hospitalization or Death at Day 29 in the Modified Intention-to-Treat Population, According to Subgroup.
Shown are data for the primary end point in key subgroups of the modified intention-to-treat population. The 95% confidence intervals
are based on the unstratified Miettinen and Nurminen method. Obesity was defined by a body-mass index of 30 or above. Data on baseline
nucleocapsid antibody status are based on a nucleocapsid antibody assay and do not reflect previous vaccination status, since Covid-19
vaccines generate antibodies against the SARS-CoV-2 spike protein, not the SARS-CoV-2 nucleocapsid protein. Race and ethnic group
were reported by the participants, who identified themselves from a set of available options. Each race or ethnic group category includes
participants who identified themselves as belonging to that race or ethnic group only or as belonging to that race or ethnic group plus
one or more other races or ethnic groups; thus, participants could be counted in more than one race or ethnic group category. Confi-
dence intervals were not adjusted for multiple comparisons and may not be reproducible. For the Asian race group, the confidence in-
terval was not calculated, in accordance with the analysis plan, owing to a sample size of less than 25 participants in either group. (See
Fig. S3 for details on race and ethnic group.) Outcomes according to baseline clade are not shown here, since at the time of this report,
clade sequencing had not yet been conducted for about 45% of all participants who underwent randomization.

On the basis of the WHO Clinical Progression virRoLoGY

Scale, a greater percentage of participants in the
molnupiravir group than in the placebo group
showed improved outcomes by day 5, with the
largest differences observed by days 10 and 15
(Table S5). For most Covid-19 signs and symp-
toms, sustained abatement or resolution was
more likely (Fig. S4) and progression of signs or
symptoms was less likely (Fig. S5) in the molnu-
piravir group than in the placebo group.
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At the time of the all-randomized analysis, 1093
of 1408 participants (77.6%) in the modified
intention-to-treat population had quantifiable
RNA confirmed in nasopharyngeal samples at
baseline, and of those, samples from 964 partici-
pants (88.2%) had been tested at day 5; because
this was an exploratory outcome, testing is on-
going. On the basis of the available data, molnu-
piravir treatment was associated with greater
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Table 2. Incidence of Adverse Events in the Safety Population.

Adverse Events and Discontinuation

Participants with adverse events
=1 Adverse event
=1 Adverse event related to the assigned regiment
=1 Serious adverse event

=1 Serious adverse event related to the assigned
regimenty

Death

Participants who discontinued the assigned regimen
because of an adverse event

Adverse event
Adverse event related to the assigned regimeny
Serious adverse event

Serious adverse event related to the assigned
regimeny

Molnupiravir Placebo Estimated Difference
(N=710) (N=701) (95% CI)*

number (percent) percentage points

216 (30.4) 231 (33.0) -2.5(-7.4t02.3)
57 (8.0) 59 (8.4) -0.4 (-3.3t02.5)
49 (6.9) 67 (9.6) -2.7 (-5.6t00.2)
0 1(0.1) -0.1 (-0.8 t0 0.4)

2 (0.3) 12 (1.7) -1.4 (-2.7 to -0.5)
10 (1.4) 20 (2.9) -1.4 (-3.1t00.1)
4 (0.6) 3 (0.4) 0.1 (-0.8to1.1)
5(0.7) 13 (1.9) -1.2 (-2.5t0 0.0)

0 0 0.0 (-0.5 to 0.5)

* Differences shown are for molnupiravir as compared with p
and Nurminen method.

lacebo. Difference estimates were based on the Miettinen

T Related events were those determined by the investigators to be related to the assigned regimen.

reductions from baseline in mean viral load than
placebo at days 3, 5 (end-of-treatment visit), and
10 (Fig. S6 and Table S6). Results at other time
points were similar in the two groups.

SAFETY

The percentage of participants with at least one
adverse event was similar in the two groups
(30.40% in the molnupiravir group and 33.0% in
the placebo group), as was the percentage of
participants with adverse events considered by
the investigators to be related to the trial regi-
men (8.0% vs. 8.4%). Deaths resulting from ad-
verse events, none of which were deemed by the
investigators to be related to the trial regimen,
were reported less frequently in the molnupiravir
group than in the placebo group (Table 2). After
day 29, three additional deaths resulting from
adverse events occurred in the placebo group, as
compared with one additional death reported in
the molnupiravir group.

The most frequently reported adverse events
(those that occurred in >2% of participants in
either group) were Covid-19 pneumonia (which
occurred in 6.3% of participants in the molnupi-
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ravir group as compared with 9.6% of those in
the placebo group), diarrhea (2.3% vs. 3.0%),
and bacterial pneumonia (2.0% vs. 1.6%); wors-
ening of Covid-19 was reported as an adverse
event in 7.9% as compared with 9.8%. The most
frequently reported adverse events (occurring in
>1% of participants in either group) that were
deemed to be related to the trial regimen were
diarrhea (1.7% vs. 2.1%), nausea (1.4% vs. 0.7%),
and dizziness (1.0% vs. 0.7%). One participant
each in the molnupiravir and placebo groups
met the prespecified criteria for a postbaseline
platelet count below 50,000 per microliter; the
low platelet count in the molnupiravir-treated
participant was reported on day 12 and was not
deemed to be related to treatment.

DISCUSSION

These data from the MOVe-OUT phase 3 trial in
nonhospitalized at-risk adults with Covid-19 in-
dicate that molnupiravir, initiated within 5 days
after the onset of symptoms, reduces the risk of
hospitalization for any cause or death through
day 29. The trial population was representative
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of real-world patients with one or more well-
established risk factors for severe illness due to
Covid-19.243° Of note, in published clinical trials
evaluating monoclonal antibody treatments in
similar populations of nonhospitalized, at-risk
patients with Covid-19, the incidence of hospital-
ization or death with placebo was reported to be
about 3 to 7%. In comparison, the incidence in
our trial was 14% at the interim analysis and
10% in the all-randomized analysis, which sug-
gests that the participants enrolled in our trial
were at higher risk for disease progression. The
risk of hospitalization or death at day 29 was 6.8
percentage points lower with molnupiravir than
with placebo at the interim analysis and 3.0 per-
centage points lower in the all-randomized
analysis, an improvement in an outcome that is
potentially meaningful for patients, health care
systems, and public health. In an analysis that
was not adjusted for multiplicity, the efficacy
benefit with molnupiravir treatment was consis-
tent in many subgroups, including participants
infected with the delta, gamma, and mu variants
of SARS-CoV-2 according to the available base-
line clade data. Since virology outcomes were
exploratory, some nasopharyngeal samples, par-
ticularly those from later time points, were still
awaiting analysis as of this writing; the pending
analyses do not represent data that were missing
because of death or discontinuation of a trial
regimen, but estimates for the associated risk
differences may change as additional baseline
clade data continue to become available. Out-
comes did not appear to be better with molnu-
piravir than with placebo in several subgroups
(some of relatively small sample size), including
patients with evidence of previous SARS-CoV-2
infection, patients with low baseline viral load,
and patients with diabetes mellitus; in all cases
the 95% confidence intervals of the estimated
risk differences included zero. Secondary end
points, including changes in the WHO Clinical
Progression Scale and in patient-reported symp-
toms of Covid-19, also indicated clinical benefits
with molnupiravir over placebo. As in previous
trials,”1%232431 no safety concerns with molnupi-
ravir were identified and there was no evidence
of a pattern of clinically meaningful abnormali-
ties in laboratory test results. Since pregnancy
was an exclusion criterion in this trial, the po-

N ENGL J MED

tential impact of molnupiravir on fetal develop-
ment is unknown.

Given the compelling efficacy and safety re-
sults obtained at the time of the interim analy-
sis, the independent data monitoring committee
recommended an early stop to recruitment of
new participants in the trial. Further enrollment
was halted, at which point 1433 participants
(92% of the planned 1550 participants) had
already undergone randomization. The planned
interim analysis, in which efficacy results met
the statistical criterion for superiority over pla-
cebo, represented the formal evaluation of effi-
cacy for the trial; in accordance with the pre-
specified analysis plan, no additional statistical
testing was performed for the primary efficacy
end point. The point estimate for the treatment
difference was lower in analyses of all partici-
pants who underwent randomization than in the
interim analysis. The incidence of hospitaliza-
tion or death in the all-randomized sample re-
mained consistent in the molnupiravir group but
fell in the placebo group as compared with the
interim analysis sample. The reasons for this
difference are unknown, but potential contribut-
ing factors include imbalances between the
analysis samples, shifts in the epidemiology of
the Covid-19 pandemic, and regional variation
among the enrolled participants. A comparison
of patient characteristics does not suggest a
clear, single cause for the difference between the
interim and the all-randomized analyses, which
may have been the result of the accumulation of
lesser effects of multiple factors. For instance, in
the placebo group of the all-randomized sample
there were somewhat more female patients (who
have a lower risk of severe Covid-19 than male
patients), more participants with SARS-CoV-2
nucleocapsid antibodies (which also suggests a
lower risk), and more participants with low viral
load at baseline (in whom there is less virologic
effect) than at the time of the interim analysis.
All these factors may have contributed to a
lower overall event rate in the placebo group in
the all-randomized sample than in the interim
analysis. In addition, the all-randomized sample
included newly enrolling countries with differ-
ent hospitalization practices or hospital capacity,
which may also have affected hospitalization
rates as part of the primary outcome. The effect
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of the public release statement of efficacy after
the interim analysis on the all-randomized effi-
cacy outcome is unknown. Despite the reduced
treatment effect estimate for the primary end
point in the all-randomized analysis as com-
pared with the interim analysis, treatment with
molnupiravir was efficacious across this broad,
rapidly changing data set and appeared to yield
a substantial mortality benefit.

Many patients with Covid-19 recover from
their acute infection with no or minimal medi-
cal intervention.>* However, clinical progres-
sion to severe disease has a considerable impact
on patients and on health care systems, increas-
ing a patient’s risks of receiving mechanical ven-
tilation and of death and potentially overburden-
ing local and regional hospital capacity during
Covid-19 surges. Reducing Covid-19-related hos-
pitalizations, and potentially also reducing com-
munity transmission by helping patients clear
infectious virus more rapidly, are therefore criti-
cal. Vaccination remains the most important
medical intervention available to lower the risks
of hospitalization and death from Covid-19,3%333¢
but early treatment soon after the onset of symp-
toms has also been shown to be effective.® The
monoclonal antibodies bamlanivimab—etese-
vimab, casirivimab—imdevimab, and sotrovimab
are currently authorized treatments for at-risk
outpatients with Covid-19.>%53¢ Because mono-
clonal antibodies require administration by
means of infusion or injection in a medical set-
ting, oral agents such as molnupiravir that can
be administered by the patient at home shortly
after diagnosis may be more practical and pa-
tient-friendly for nonhospitalized persons; such
agents would be important new tools in the
Covid-19 treatment armamentarium. Another ad-
vantage of molnupiravir over SARS-CoV-2 spike

FOR COVID-19

protein—directed monoclonal antibodies is the
efficacy of molnupiravir against SARS-CoV-2
variants.'>? The mechanism of action of mol-
nupiravir is independent of mutations in the
spike protein, which can affect the efficacy of
monoclonal antibody treatments.%3"38

Only patients not vaccinated against Covid-19
were eligible for our trial, a choice made both to
focus on those most likely to need antiviral
treatment and to facilitate more rapid evaluation
of the therapeutic efficacy of molnupiravir. The
potential benefit of molnupiravir for the treat-
ment of Covid-19 vaccine breakthrough infec-
tions was thus not evaluated; efficacy outcomes
in baseline seropositive participants cannot be
used to draw relevant conclusions, since the
SARS-CoV-2 nucleocapsid antibody assay reflects
an immune response to a previous or current
infection and does not detect the presence of
vaccine-generated, neutralizing antispike anti-
bodies.

In this trial, oral molnupiravir was found to
be effective for the treatment of Covid-19, with-
out evident safety concerns, when initiated with-
in 5 days after the onset of signs or symptoms
in this population of nonhospitalized, unvacci-
nated adults who were at risk for progression to
severe disease.

Supported by Merck Sharp and Dohme, a subsidiary of Merck,
Kenilworth, NJ.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

We thank the participants and their families and caregivers
for their participation in this trial and Wendy Painter, M.D., and
Wayne Holman, M.D., both of Ridgeback Biotherapeutics, Miami,
for scientific discussions. Medical writing assistance was pro-
vided by Dominik J. Wolf, M.Sc., who wrote the first draft of the
manuscript under guidance from the authors, and editorial as-

sistance was provided by Karyn Davis, B.S., both of Merck Sharp
and Dohme, a subsidiary of Merck, Kenilworth, NJ.

APPENDIX

The authors’ full names and academic degrees are as follows: Angélica Jayk Bernal, M.D., Monica M. Gomes da Silva, M.D., Dany B.
Musungaie, M.D., Evgeniy Kovalchuk, M.D., Antonio Gonzalez, M.D., Virginia Delos Reyes, M.D., Alejandro Martin-Quirds, M.D.,
Ph.D., Yoseph Caraco, M.D., Angela Williams-Diaz, B.S., Michelle L. Brown, B.S., Jiejun Du, Ph.D., Alison Pedley, Ph.D., Christopher
Assaid, Ph.D., Julie Strizki, Ph.D., Jay A. Grobler, Ph.D., Hala H. Shamsuddin, M.D., Robert Tipping, M.S., Hong Wan, Ph.D., Amanda

Paschke, M.D., Joan R. Butterton, M.D., Matthew G. Johnson, M.D.,

and Carisa De Anda, Pharm.D.

The authors’ affiliations are as follows: IMAT Oncomédica, Monteria, Colombia (A.J.B.); the Department of Public Health, Hospital
de Clinicas, Federal University of Parand, Curitiba, Brazil (M.M.G.S.); Jongaie Research, Pretoria, South Africa (D.B.M.); Medical Re-
search Institute, St. Petersburg, Russia (E.K.); Advanced Research for Health Improvement, Immokalee, FL (A.G.); Lung Center of the
Philippines, Quezon City, Philippines (V.D.R.); Hospital Universitario La Paz, IdiPAZ, Madrid (A.M.-Q.); Clinical Pharmacology Unit,
Hadassah—Hebrew University Medical Center, Jerusalem (Y.C.); and Merck, Kenilworth, NJ (A.W.-D., M.L.B., ].D., A. Pedley, C.A., J.S.,

J.A.G., H.H.S., RT., H.W., A. Paschke, J.R.B., M.G.J., C.D.A.).

N ENGL J MED

NEJM.ORG

The New England Journal of Medicine
Downloaded from nejm.org on January 10, 2022. For personal use only. No other uses without permission.
Copyright © 2021 Massachusetts Medical Society. All rights reserved.

11



12

The NEW ENGLAND JOURNAL of MEDICINE

REFERENCES

1. WHO coronavirus (COVID-19) dash-
board. Geneva: World Health Organiza-
tion, 2021 (https://covid19.who.int).

2. Stokes EK, Zambrano LD, Anderson
KN, et al. Coronavirus disease 2019 case
surveillance — United States, January 22—
May 30, 2020. MMWR Morb Mortal Wkly
Rep 2020;69:759-65.

3. Ko JY, Danielson ML, Town M, et al.
Risk factors for coronavirus disease 2019
(COVID-19)-associated hospitalization:
COVID-19-associated hospitalization sur-
veillance network and behavioral risk fac-
tor surveillance system. Clin Infect Dis
2021;72(11):e695-€703.

4. Kompaniyets L, Goodman AB, Belay
B, et al. Body mass index and risk for
COVID-19-related hospitalization, inten-
sive care unit admission, invasive mechan-
ical ventilation, and death — United
States, March-December 2020. MMWR
Morb Mortal Wkly Rep 2021;70:355-61.

5. Wagner CE, Saad-Roy CM, Morris SE,
et al. Vaccine nationalism and the dynam-
ics and control of SARS-CoV-2. Science
2021;373(6562):eabj7364.

6. Nguyen KH, Nguyen K, Corlin L, Allen
JD, Chung M. Changes in COVID-19 vac-
cination receipt and intention to vaccinate
by socioeconomic characteristics and geo-
graphic area, United States, January 6 —
March 29, 2021. Ann Med 2021;53:1419-28.
7. Arribas JR, Bhagani S, Lobo S, et al.
Randomized trial of molnupiravir or
placebo in patients hospitalized with
Covid-19. NEJM Evid. DOI: 10.1056/EVID
0a2100044.

8. Hurt AC, Wheatley AK. Neutralizing
antibody therapeutics for COVID-19. Vi-
ruses 2021;13:628.

9. Gupta A, Gonzalez-Rojas Y, Juarez E,
et al. Early treatment for Covid-19 with
SARS-CoV-2 neutralizing antibody sotrovi-
mab. N Engl ] Med 2021;385:1941-50.

10. Fischer W, Eron JJ Jr., Holman W, et al.
Molnupiravir, an oral antiviral treatment
for COVID-19. June 17, 2021 (https://www
.medrxiv.org/content/10.1101/2021.06.17
.21258639v1). preprint.

11. Cohen MS, Wohl DA, Fischer WA,
Smith DM, Eron JJ. Outpatient treat-
ment of SARS-CoV-2 infection to prevent
COVID-19 progression. Clin Infect Dis
2021;73:1717-21.

12. Yoon JJ, Toots M, Lee S, et al. Orally
efficacious broad-spectrum ribonucleo-
side analog inhibitor of influenza and
respiratory syncytial viruses. Antimicrob
Agents Chemother 2018;62(8):e00766-18.
13. Cox RM, Wolf JD, Plemper RK.
Therapeutically administered ribonu-
cleoside analogue MK-4482/EIDD-2801
blocks SARS-CoV-2 transmission in fer-
rets. Nat Microbiol 2021;6:11-8.

14. Sheahan TP, Sims AC, Zhou S, et al.
An orally bioavailable broad-spectrum anti-
viral inhibits SARS-CoV-2 in human air-
way epithelial cell cultures and multiple
coronaviruses in mice. Sci Transl Med
2020;12(541):eabb5883.

15. Wahl A, Gralinski LE, Johnson CE,
et al. SARS-CoV-2 infection is effectively
treated and prevented by EIDD-2801. Na-
ture 2021;591:451-7.

16. Abdelnabi R, Foo CS, De Jonghe S,
Maes P, Weynand B, Neyts J. Molnupiravir
inhibits the replication of the emerging
SARS-CoV-2 variants of concern (VoCs) in
a hamster infection model. J Infect Dis
2021;224:749-53.

17. Agostini ML, Pruijssers AJ, Chappell
JD, et al. Small-molecule antiviral beta-d-N*-
hydroxycytidine inhibits a proofreading-
intact coronavirus with a high genetic
barrier to resistance. J Virol 2019;93(24):
e01348-19.

18. Urakova N, Kuznetsova V, Crossman
DK, et al. B-d-N*-hydroxycytidine is a po-
tent anti-alphavirus compound that in-
duces a high level of mutations in the viral
genome. J Virol 2018;92(3):e01965-€17.
19. Grobler J, Strizki J, Murgolo N, et al.
Molnupiravir maintains antiviral activity
against SARS-CoV-2 variants in vitro and
in early clinical studies. In: Proceedings
and abstracts of IDWeek 2021, September
29-October 3, 2021. Arlington, VA: Infec-
tious Diseases Society of America, 2021.
20. Kabinger F, Stiller C, Schmitzovd J,
et al. Mechanism of molnupiravir-induced
SARS-CoV-2 mutagenesis. Nat Struct Mol
Biol 2021;28:740-6.

21. Gordon CJ, Tchesnokov EP, Schinazi
REF, Gotte M. Molnupiravir promotes SARS-
CoV-2 mutagenesis via the RNA template.
J Biol Chem 2021;297:100770.

22. Malone B, Campbell EA. Molnupira-
vir: coding for catastrophe. Nat Struct Mol
Biol 2021;28:706-8.

23. Painter WP, Holman W, Bush JA, et al.
Human safety, tolerability, and pharma-
cokinetics of molnupiravir, a novel broad-
spectrum oral antiviral agent with activity
against SARS-CoV-2. Antimicrob Agents
Chemother 2021;65(5):e02428-20.

24, Khoo SH, Fitzgerald R, Fletcher T, et al.
Optimal dose and safety of molnupiravir
in patients with early SARS-CoV-2: a phase
I, open-label, dose-escalating, randomized
controlled study. J Antimicrob Chemother
2021;76:3286-95.

25. Chawla A, CaoY, Stone]J, et al. Model-
based dose selection for the phase 3 eval-
uation of molnupiravir (MOV) in the treat-
ment of COVID-19 in adults. In: Proceedings
and abstracts of the 31st Annual Meeting
of the European Congress of Clinical Mi-
crobiology and Infectious Diseases, July
9-12, 2021. Basel, Switzerland: European
Society of Clinical Microbiology and Infec-
tious Diseases, 2021.

26. COVID-19: developing drugs and bi-
ological products for treatment or pre-
vention: guidance for industry. Silver Spring,
MD: Food and Drug Administration,
May 2020 (https://www.fda.gov/regulatory
-information/search-fda-guidance
-documents/covid-19-developing-drugs
-and-biological-products-treatment-or
-prevention).

N ENGLJ MED NEJM.ORG

The New England Journal of Medicine
Downloaded from nejm.org on January 10, 2022. For personal use only. No other uses without permission.
Copyright © 2021 Massachusetts Medical Society. All rights reserved.

27. WHO COVID-19 case definitions. Ge-
neva: World Health Organization, Decem-
ber 16, 2020 (https://apps.who.int/iris/rest/
bitstreams/1322790/retrieve).

28. Miettinen O, Nurminen M. Compara-
tive analysis of two rates. Stat Med 1985;
4:213-26.

29. Hwang IK, Shih WJ, De Cani JS.
Group sequential designs using a family
of type I error probability spending func-
tions. Stat Med 1990;9:1439-45.

30. Rosenberg ES, Holtgrave DR, Dora-
bawila V, et al. New COVID-19 cases and
hospitalizations among adults, by vacci-
nation status — New York, May 3-July 25,
2021. MMWR Morb Mortal Wkly Rep 2021;
70:1306-11.

31. Caraco Y, Crofoot G, Moncada PA,
et al. Phase 2/3 trial of molnupiravir for
treatment of Covid-19 in nonhospitalized
adults. NEJM Evid. DOI: 10.1056/EVID
0a2100043.

32. Tenforde MW, Kim SS, Lindsell CJ, et al.
Symptom duration and risk factors for
delayed return to usual health among out-
patients with COVID-19 in a multistate
health care systems network — United
States, March—June 2020. MMWR Morb
Mortal Wkly Rep 2020;69:993-8.

33. Tenforde MW, Self WH, Naioti EA,
et al. Sustained effectiveness of Pfizer-
BioNTech and Moderna vaccines against
COVID-19 associated hospitalizations
among adults — United States, March—
July 2021. MMWR Morb Mortal Wkly Rep
2021;70:1156-62.

34. Bajema KL, Dahl RM, Prill MM, et al.
Effectiveness of COVID-19 mRNA vac-
cines against COVID-19-associated hospi-
talization — five veterans affairs medical
centers, United States, February 1-August
6, 2021. MMWR Morb Mortal Wkly Rep
2021;70:1294-9.

35. Gottlieb RL, Nirula A, Chen D, et al.
Effect of bamlanivimab as monotherapy
or in combination with etesevimab on vi-
ral load in patients with mild to moderate
COVID-19: a randomized clinical trial.
JAMA 2021;325:632-44.

36. Horby PW, Mafham M, Peto L, et al.
Casirivimab and imdevimab in patients
admitted to hospital with COVID-19
(RECOVERY): a randomised, controlled,
open-label, platform trial. June 16, 2021
(https://www.medrxiv.org/content/10.1101/
2021.06.15.21258542v1). preprint.

37. PogueJM, Lauring AS, Gandhi TN, etal.
Monoclonal antibodies for early treat-
ment of COVID-19 in a world of evolving
SARS-CoV-2 mutations and variants. Open
Forum Infect Dis 2021;8(7):0fab268.

38. Cowman K, Guo Y, Pirofski LA, et al.
Post-severe acute respiratory syndrome
coronavirus 2 monoclonal antibody treat-
ment hospitalizations as a sentinel for
emergence of viral variants in New York
City. Open Forum Infect Dis 2021;8(8):
ofab313.

Copyright © 2021 Massachusetts Medical Society.



