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Abstract

Molnupiravir is an orally administered, small-molecule ribonucleoside prodrug
of -D-N4-hydroxycytidine (NHC) that has demonstrated potent, broad-spectrum
preclinical activity against RNA viruses and has a high barrier to the development
of resistance. A double-blind, placebo-controlled, phase I trial was conducted to
evaluate the pharmacokinetics (PKs), safety, and tolerability of 10.5-day admin-
istration of multiple doses of molnupiravir and its metabolites in healthy, adult
participants. Participants were randomly assigned (3:1) to receive molnupiravir
(400mg [n=6], 600mg [n=6], and 800mg [n=12]) or matching placebo (n=28)
every 12h (q12h) for 10.5days. Blood was collected to evaluate the PKs of NHC in
plasma and of its active metabolite, NHC-triphosphate (NHC-TP), in peripheral
blood mononuclear cells (PBMCs). Molnupiravir was generally well-tolerated.
All adverse events were mild or moderate in severity and none led to treatment
discontinuation. No clinically meaningful dose-related safety findings were ob-
served. Mean time to maximal concentration was ~1.50 to 1.98 h for plasma NHC
and ~4.00 to 8.06h for PBMC NHC-TP. Accumulation was minimal (<1.2) for
NHC and ~2- to 2.5-fold for NHC-TP. Plasma NHC PKs was generally dose pro-
portional, and PBMC NHC-TP PKs was less than dose proportional over the dose
range studied. NHC and NHC-TP PK support twice-daily administration. Overall,
molnupiravir administered at up to 800 mg q12h for 10.5 days was generally well-
tolerated in healthy participants with dose-linear PKs, supporting the evaluation
of longer molnupiravir dosing up to 10days in future clinical trials.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Molnupiravir is an orally administered, small-molecule ribonucleoside prodrug
of -D-N4-hydroxycytidine (NHC) with potent, broad-spectrum preclinical activity
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against coronaviruses and other RNA viruses and a high barrier to the devel-
opment of resistance. Molnupiravir administration at 800mg twice daily for
5.5days is generally well-tolerated and has been shown to reduce the risk of
hospitalization or death in nonhospitalized, unvaccinated adults with mild to
moderate coronavirus disease 2019 at risk of progression to severe disease. Safety
and pharmacokinetic (PK) data to date are limited to ~5days of molnupiravir
administration.

WHAT QUESTION DID THIS STUDY ADDRESS?

This trial was designed to evaluate the PKs, safety, and tolerability of multiple
doses (400, 600, and 800 mg) of molnupiravir and its metabolites following longer
administration twice daily for 10.5days in healthy participants.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

Molnupiravir administration for 10.5days within the studied dose range was
generally well-tolerated in healthy participants; all adverse events were mild or
moderate in severity, and none resulted in trial discontinuation. Plasma NHC
exhibited dose-proportional PKs over the dose range studied, consistent with
published PK data. The PKs of NHC-triphosphate (NHC-TP) in peripheral blood
mononuclear cells exhibited less than dose-proportional behavior. Minimal ac-
cumulation of NHC was exhibited and accumulation of ~2- to 2.5-fold was seen
for NHC-TP following 10.5 days of molnupiravir administration.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

The results from this trial support future clinical studies that may require longer-
term dosing of molnupiravir for up to 10days.

INTRODUCTION

Coronavirus disease 2019 (COVID-19), a disease result-
ing from severe acute respiratory syndrome-coronavirus 2
(SARS-CoV-2) infection, was declared a global pandemic
by the World Health Organization (WHO) in March 2020.
As of February 2023, over 757million confirmed cases
of COVID-19 and 6.8 million COVID-19-related deaths
have been reported worldwide." COVID-19 vaccinations
and the availability of antiviral agents have reduced se-
vere disease burden;* however, SARS-CoV-2 infections re-
main problematic>? due to the emergence of SARS-CoV-2
variants conferring resistance to available therapy*’
and the ability to evade vaccine- and infection-induced
immunity.**® There is still an unmet need for easily and
conveniently administered outpatient interventions for
the treatment and prevention of COVID-19.

Molnupiravir is an orally administered, small-molecule
ribonucleoside prodrug of 3-D-N4-hydroxycytidine (NHC)
that has demonstrated potent, broad-spectrum preclinical
activity against coronaviruses (including SARS-CoV-2
and its variants) and other RNA viruses and has a high
barrier to the development of resistance.” 1% Clinically,
early treatment with molnupiravir administered at 800 mg
every 12h (q12h) for 5days was shown to reduce the risk

of hospitalization or death in nonhospitalized, unvacci-
nated adults with mild to moderate COVID-19 at risk of
progression to severe disease."”

Following oral administration, molnupiravir is rapidly
absorbed and metabolized to NHC, which is widely distrib-
uted to tissues and then phosphorylated intracellularly to
its pharmacologically active triphosphate form (NHC-TP).
Viral RNA polymerase incorporates NHC-TP into the
viral genome, resulting in viral error induction, ultimately
leading to nonviable and noninfectious virus.'>*®%°
Molnupiravir has previously been evaluated in healthy par-
ticipants following oral single (50-1600 mg) dose adminis-
tration and multiple (50-800 mg) dose administration up to
5.5days and in patients with COVID-19 at 800 mg q12h for
5days.”>** Due to rapid conversion, NHC is the primary
circulating analyte, and molnupiravir is detected only at
very low levels in plasma. Following oral administration,
the time to peak NHC plasma concentration (Ty,,,) is at-
tained at ~1.5h, followed by elimination characterized by
an effective terminal half-life (¢,/,) of ~3.3h and a slower
terminal phase.?* With multiple-dose q12h administration,
there is no clinically meaningful accumulation of NHC
in plasma. NHC is eliminated primarily by metabolism
through pathways involved in the metabolism of endoge-
nous pyrimidines.”*****
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Administration of molnupiravir up to 5days has been
found to be generally well-tolerated.'”**"** There are, how-
ever, limited clinical data for molnupiravir administration
longer than 5days. A molnupiravir dosing schedule ex-
ceeding 5days may be needed for effective treatment or
prevention of infections caused by RNA viruses. To obtain
additional clinical pharmacokinetic (PK) and safety data
in support of future clinical studies of molnupiravir, in-
cluding pre- and post-exposure prophylaxis studies, in
which dosing of up to 10days may be required, the cur-
rent trial was conducted.

METHODS

The trial was conducted in accordance with principles of
Good Clinical Practice and was approved by the appropri-
ate institutional review boards and regulatory agencies.
All participants provided written informed consent prior
to enrollment.

Study design

A randomized, placebo-controlled, multiple-dose, double-
blind, phase I trial of molnupiravir (protocol MK-4482-012)
was conducted from May 20, 2021, to October 18, 2021
(EudraCT, 2021-000860-30). Eligible participants (4 pan-
els of 8 participants each) were randomly assigned to re-
ceive oral doses of molnupiravir (400mg [panel A], 600 mg
[panel B], and 800mg [panels C and D]) or placebo q12h
for 10.5days (total of 21 doses). The final dose allowed for
full PK sampling on day 11. Within each panel, six partici-
pants were randomly assigned to receive molnupiravir and
two to receive placebo. Participants in panel A were dosed
first at the lowest dose of molnupiravir (400 mg). Review of
available safety data was conducted up to 24 h following the
last dose of molnupiravir/placebo prior to escalating to the
next dose level in panels B (600mg) and C (800mg). Panel
D was conducted to expand the number of participants at
the 800 mg dose level. All doses were given with ~250mL of
water at approximately the same times on each dosing day.
On full PK sampling days (days 1 and 11), the morning dose
was administered in the fasted state. All other doses were
administered without regard to food.

Trial population

Healthy male or nonpregnant and not breastfeeding fe-
male participants aged 25-60years (inclusive) with a body
mass index (BMI) between 18 and 35kg/m? (inclusive)
were eligible for inclusion. Due to the potential effect of

ASCPT

molnupiravir on bone and cartilage growth, the lower
age limit was set to 25years to assure skeletal maturity.
Women of childbearing potential and men were required
to adhere to highly effective methods of contraception
throughout the trial and for 28 and 90days thereafter,
timeframes corresponding to the duration of one men-
strual or spermatogenesis cycle, respectively. Key exclu-
sion criteria included history of any clinically significant
medical or psychiatric condition or significant multiple
and/or severe allergies or history of drug hypersensitivity.

Pharmacokinetic measurements

To determine NHC concentrations in plasma and
intracellular NHC-TP concentrations in peripheral blood
mononuclear cells (PBMCs), blood samples were drawn
predose and at selected timepoints up to 12h postdose on
day 1, prior to the morning dose on day 3 (plasma only),
day 5, and day 7 (plasma only), and at selected timepoints
up to 24h (PBMC) and 72h (plasma) postdose on day 11.
Plasma NHC concentrations were determined using a
validated high-performance liquid chromatography tan-
dem mass spectrometry method.”” The analytical range
was 1.00-1000ng/mL (0.00386-3.86 uM). PBMC NHC-TP
concentrations were determined using a validated liquid
chromatography tandem mass spectrometry method.*
The analytical range was 5-2000ng/mL (0.01-4.0 uM).
PBMC NHC-TP concentrations in nM were corrected for
cell count using the following formula:*®

pmol/10° cells =
([nanomolar concentration] X [cell dilution of 1 mL])
/(cell countin 10° cells)

This value was then converted back to molar units, as-
suming 0.2 uL.=10° cells. Values below the lower limit of
quantitation were treated as 0.

Key PK parameters of interest included the follow-
ing: maximum concentration (Cp,,,), Trax area under the
concentration-time curve from time 0 to 12h (AUC,_,,),
AUC to the last quantifiable concentration (AUC ),
AUC extrapolated to infinity (AUC,_;,s), accumulation
ratio (AR), and apparent t,,,; the t,,, and AUC,_;,; were
determined following the last dose only. PK parameter
values were determined using noncompartmental model-
ing methods in Phoenix WinNonlin version 8.1 (Certara).
AUCs were calculated using the linear trapezoidal method
for ascending concentrations and the log trapezoidal
method for descending concentrations (linear-up, log-
down calculation method option in Phoenix WinNonlin).
The apparent t,,, was calculated as the quotient of the nat-
ural log (In) of 2 and Az (In[2]/Az), where Az is the apparent
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first-order terminal elimination rate constant calculated
from the slope of the linear regression of the terminal log-
linear portion of the plasma concentration-time profile.
The AR was calculated based on C,,,, and AUC,_,, on day
1 versus day 11.

Statistical analysis

For each PK parameter, values were natural-log trans-
formed and evaluated with separate linear mixed-effects
models containing a fixed effect for treatment, day (day 1
or day 11), and treatment by day interaction and a random
effect for participant. Ninety-five percent confidence inter-
vals (CIs) for the least-squares means (LSMs) by treatment
and day were constructed on the natural log scale and ref-
erenced the t-distribution. Exponentiating the LSMs and
lower and upper limits of these CIs yielded estimates for
the population geometric means and CIs about the geo-
metric means on the original scale for each treatment and
day. Similarly, the LSM differences (day 11 - day 1) and
90% ClIs from this model were back-transformed to obtain
the geometric mean AR (day 11/day 1) and 90% CI for
AUC,_;, and Cp,y-

RESULTS
Trial participants

A total of 32 participants were enrolled and randomly as-
signed, of whom 24 were assigned to molnupiravir and
eight were assigned to placebo. The median age (range)
was 45years (27-59), and the mean BMI was 24.9kg/m?
(SD, 3.8); half of the participants were men (n=16, 50%;
Table S1). All 32 participants were White; none were of
Hispanic or Latino ethnicity. All participants were 100%
compliant with the protocol-defined regimen of trial
intervention.

Safety

In total, 27 participants (84.4%) reported at least one ad-
verse event (AE), 21 participants (87.5%) who received
molnupiravir, with a similar frequency across all three
dose levels, and six participants (75.0%) who received pla-
cebo. A total of five participants (15.6%) did not report an
AE. The most frequently reported AEs (in 2 or more par-
ticipants) following molnupiravir administration (across
all dose levels) were headache (n=10, 41.7%), malaise
(n=4, 16.7%), and nausea, vomiting, fatigue, puncture
site hematoma (following blood sampling for PK or safety

analyses), myalgia, dizziness, presyncope, and skin irrita-
tion (n=2 each, 8.3%). There was no apparent relationship
of individual AEs with dose. Two participants who re-
ceived molnupiravir reported AEs considered to be related
to trial intervention by the investigator (2 episodes of dizzi-
ness reported by 1 participant who received molnupiravir
600mg and 5 episodes of headache reported by 1 partici-
pant who received molnupiravir 800 mg). The most fre-
quently reported AEs (in 2 or more participants) following
placebo administration were headache and skin irritation
(n=2 each, 25.0%). All AEs in this trial were categorized
as mild or moderate in severity by the investigator. No
serious AEs, deaths, or discontinuations due to AEs were
reported. No clinically meaningful dose-related changes
were observed for laboratory parameter values, vital signs,
physical examination findings, or electrocardiograms.

Pharmacokinetics of NHC in plasma

The arithmetic mean plasma concentration-time profiles
of NHC and the summary PK statistics of NHC in plasma
are presented in Figure 1 and Table 1, respectively. Plasma
NHC was detectable at the first measured time point, 0.5h
after the first dose (Figure 1), with a median T,,,, ranging
from 1.50 to 1.98h (Table 1). NHC was detectable up to
72h (the last measured plasma concentration) following
the last dose on day 11 (Figure 1). Biphasic elimination
of NHC was apparent after the last dose, where it exhib-
ited a rapid distributional phase followed by an extended
terminal elimination phase (Figure 1). The geometric
mean apparent t,,, of NHC on day 11 ranged from 16.41
to 20.65h. The AR of day 11/day 1 for AUC,_;, and C,,,
ranged from 0.98 to 1.15 and 0.81 to 1.16, respectively
(Table 1). This indicated minimal to no accumulation of
NHC exposure. A dose-proportionality analysis from 400 to
800 mg of molnupiravir using AUC,_;, and C,,,,,, measured
on day 11, was performed (Figure S1) with resulting least-
squares estimates (95% CI) of the slope of 1.18 (0.77-1.59)
for AUC,_;, and 0.99 (0.48-1.50) for C,,,x. These results
suggest that AUC,,_;, and C,,,, of plasma NHC increased
in a dose-proportional manner over the dose range studied.

Pharmacokinetics of NHC-TP in PBMCs

The arithmetic mean PBMC concentration-time profiles
of NHC-TP and the summary PK statistics of NHC-TP in
PBMCs are presented in Figure 2 and Table 2, respectively.
NHC-TP was detectable at the first measured timepoint, 4 h
after the first dose (Figure 2), with a median T,,, ranging
from 4.00 to 8.06h (Table 2). NHC-TP was detectable up
to 24 h (the last measured PBMC concentration) following
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FIGURE 1 Arithmetic mean (+SD) concentration versus time profiles of NHC in plasma following administration of multiple oral doses

of molnupiravir 400, 600, and 800 mg every 12h for 10.5days in healthy participants (n =6 for 400 and 600 mg, n=12 for 800 mg). Upper

panel: linear scale; Lower panel: semi-log scale. MOV, molnupiravir; NHC, B-D-N4-hydroxycytidine; SD, standard deviation.

the last dose on day 11 in all but two molnupiravir-treated
participants from the 800-mg dose group. The geometric
mean apparent t;,, of NHC-TP on day 11 ranged from
13.60 to 18.04h over the dose range of 400-800mg. The
AR of AUC,_,, and C,,,, ranged from 2.10 to 2.65 and
1.92 to 2.49, respectively (Table 2). A dose-proportionality
analysis of NHC-TP in PBMCs for 400-800mg of mol-
nupiravir using AUC,_,, and C,,,, day 11 data was per-
formed (Figure S2), yielding least-squares estimates (95%
CI) of the slope of 0.60 (0.17-1.03) for AUC,,_;, and 0.57
(0.10-1.04) for C,,,,. These results suggest that AUC,_;,
and C,,,, of PBMC NHC-TP increased in a less than dose-
proportional manner over the dose range studied.

Plasma NHC versus PBMC NHC-TP

The relationship of NHC exposures in plasma to NHC-TP
exposures in PBMCs was explored (Figure 3) by plot-
ting the AUC,_,, of plasma NHC versus PBMC NHC-TP
for each individual participant and fitting with a linear
regression line for day 1 and day 11. The adjusted coef-
ficient of determination (R*>0.95) showed that exposures

of NHC-TP in PBMCs correlated well with plasma NHC
exposures. The slope on day 11 was estimated to be ap-
proximately twice that of day 1, which is consistent with
the observed AR of NHC-TP in PBMCs.

DISCUSSION

Molnupiravir is an orally administered prodrug with anti-
viral activity against RNA viruses, including SARS-CoV-2
and its variants of concern. Molnupiravir has been shown
to reduce the risk of hospitalization or death in nonhos-
pitalized patients with mild to moderate COVID-19 fol-
lowing early treatment.'” The oral route of administration
of molnupiravir makes it convenient for administration
to outpatients compared with COVID-19 therapies that
require intravenous administration (e.g., remdesivir).
Additionally, because molnupiravir has no known drug-
drug interactions (DDIs) and can be co-administered
without need for dose adjustments,24 it is an important
treatment option for high-risk patients for whom other
treatments may not be clinically appropriate due to po-
tential DDIs with medications used to treat common
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TABLE 1 Summary statistics of plasma NHC pharmacokinetics following administration of multiple oral doses of molnupiravir 400,

600, and 800mg every 12h for 10.5days in healthy participants.

Pharmacokinetic parameter

Day 1 (first dose)
AUC,_,, (hnmol/L)*
AUC_, (hnmol/L)?
Cpnay (nmol/L)?

Tinax ()"

Day 11 (last dose)

AUC ;¢ (hnmol/L)*
AUC,_;, (hnmol/L)*

AUC_j, (hnmol/L)?
Cpnax (nmol/L)?*

T (0)°

Apparent t, , (h)°

Accumulation ratio day 11:day 1

AUC, ,, (hnmol/L)*
Cynay (nmol/L)

Molnupiravir 400 mg (n=6)

18,000 (14,200-22,900)
18,000 (14,200-22,900)
8320 (6150-11,300)
1.50 (0.50, 1.55)

20,500 (16,300-25,700)
19,700 (15,500-25,000)
20,300 (16,000-25,800)
8400 (6210-11,400)
1.50 (0.57, 2.00)

16.41 (117.05)

1.09 (0.97-1.23)
1.01 (0.81-1.26)

Molnupiravir 600 mg (n=6)

26,700 (21,000-33,900)
26,700 (21,000-33,900)
11,000 (8120-14,900)
1.50 (1.50, 2.00)

27,300 (21,800-34,300)
26,100 (20,500-33,200)
27,100 (21,300-34,500)
8920 (6600-12,100)
1.75 (1.50, 2.00)

20.65 (22.67)

0.98 (0.87-1.10)
0.81 (0.65-1.02)

Molnupiravir 800 mg
(n=12)

38,100 (32,200-45,200)
38,100 (32,200-45,200)
14,000 (11,300-17,300)
1.98 (1.50, 4.00)

45,500 (38,700-53,500)
43,900 (37,000-52,000)
45,300 (38,200-53,600)
16,200 (13,100-20,100)
1.50 (1.50, 2.02)

20.64 (10.99)

1.15 (1.06-1.25)
1.16 (0.99-1.36)

Abbreviations: AUC,,_;,, area under the concentration-time curve from time 0 to 12h; AUC,_;,», AUC extrapolated to infinity; AUC_j,, AUC to the last
quantifiable concentration; Cp,,,, maximum plasma concentration; NHC, p-D-N4-hydroxycytidine; t, ,, terminal half-life; T, time to maximum plasma

concentration.

“Back-transformed least-squares mean and 95% confidence interval from linear mixed-effects model performed on natural-log-transformed values.

"Median (minimum, maximum) reported for T,,,, (h).

“Geometric mean and percent geometric coefficient of variation reported for apparent ¢, (h).

9Back-transformed least-squares mean difference and 90% confidence interval from linear mixed-effects model performed on natural-log-transformed values.

underlying medical conditions. Administration of 800 mg
molnupiravir q12h for up to 5days was previously found
to be generally well-tolerated in healthy participants and
patients with COVID-19;'7?°23 however, a safety and PK
evaluation of molnupiravir administered for more than
5days has not previously been published.

This trial evaluated the PKs, safety, and tolerability
of multiple doses of molnupiravir up to 800mg q12h for
10.5days in healthy adult participants. Molnupiravir was
found to be generally well-tolerated with an acceptable
safety profile over the 10.5-day dosing period. Headache,
malaise, and gastrointestinal symptoms were among the
most frequently reported AEs following molnupiravir treat-
ment. All AEs were mild or moderate in severity and none
led to treatment discontinuation, consistent with results
from previous phase I trials.”***** Furthermore, there was
no apparent relationship between the incidence and inten-
sity of AEs and molnupiravir dose, and no clinically relevant
treatment- or dose-related effects on vital signs, laboratory
safety tests, physical examination findings, or electrocardio-
grams. Together, these results indicate that molnupiravir
was generally well-tolerated at the dose levels and duration
tested supporting future clinical trials of molnupiravir that
may require longer-term dosing beyond 5.5 days (e.g., studies

assessing the efficacy of molnupiravir as either pre- or post-
exposure prophylaxis). Another oral antiviral authorized
for the treatment of COVID-19, ritonavir-boosted nirma-
trelvir, has also been found to be generally well-tolerated in
healthy participants when administered q12h over 10days.*
However, ritonavir-boosted nirmatrelvir requires a dose re-
duction in patients with moderate renal impairment, is
not recommended for use in patients with severe renal or
hepatic impairment, and may have significant DDIs with
commonly used medications,”’ thereby restricting its use
and complicating its prescribing. Molnupiravir offers an im-
portant treatment option for these vulnerable patient popu-
lations with no evident safety concerns.

The PKs of molnupiravir administered for 10.5days
was assessed by evaluating NHC in plasma and NHC-TP
in PBMCs, and findings were generally consistent with
previously reported studies assessing 5.5days of mol-
nupiravir administration in healthy Japanese and White
participants.>* In this study, plasma NHC T, was ~1.5h,
corresponding to previous studies in both healthy partici-
pants and patients with COVID-19 reporting a median
T,ax between 1 and 2h.** As described in previous phase
I PK studies,?®® concentrations of NHC declined in a bi-
phasic manner, where a rapid distributional phase followed
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FIGURE 2 Arithmetic mean (+SD) concentration versus time profiles of NHC-TP in PBMCs following administration of multiple oral
doses of molnupiravir 400, 600, and 800 mg every 12h for 10.5days in healthy participants (n=6 for 400 mg and 600 mg, n=12 for 800 mg).
Upper panel: linear scale; Lower panel: semi-log scale. MOV, molnupiravir; NHC-TP, f-D-N4-hydroxycytidine-triphosphate; PBMCs,

peripheral blood mononuclear cells; SD, standard deviation.

by an extended terminal elimination phase was exhibited.
The apparent terminal elimination ¢,,, of NHC was ~16 to
21h. Despite this, the AR of AUC,,_;, and C,,,, was minimal
(<1.2). This minimal accumulation indicates that steady-
state NHC levels were likely achieved within approximately
one dosing interval (i.e., ~12h). This trial was not designed
to provide a definitive assessment of dose proportionality;
however, the resulting least-squares estimates of the slopes
imply that AUC,_;, and C,,,, of NHC increased in a dose-
proportional manner over the dose range studied.
Regarding the active metabolite of molnupiravir,
NHC-TP, T,,,, was later than that of plasma NHC, with
a median NHC-TP T,,,, of ~4 to 8 h. The apparent termi-
nal elimination t,,, of NHC-TP was estimated to be ~14
to 18 h. There are currently limited PK data available for
NHC-TP. However, in a recently published phase I trial in
healthy Japanese participants who received molnupira-
vir for 5.5days, NHC-TP PMBC concentrations reached
Cmax With a median T,,,, between 3 and 5h, and NHC-TP
was eliminated with an apparent ¢,,, of ~16 to 19h on
day 6.% In this study, the sampling duration of 24 h for

NHC-TP was less than two-fold the estimated ¢;,,; how-
ever, the coefficient of variation of the estimates is less
than 50%, suggesting the estimates to be reasonably pro-
jected. NHC-TP exposures in PBMCs after dosing q12h
for 10.5days were higher than after the first dose, as in-
dicated by ARs of ~2 to 2.5. A similar AR of ~2.5 (day
6/day 1) was observed in healthy Japanese participants
following 5.5 days of molnupiravir administration.*® The
AR and visual inspection of the concentration curves in-
dicate that NHC-TP levels likely achieved steady-state
by day 11. In an assessment of dose proportionality, the
resulting least-squares estimates of the slopes suggest
that AUC,_,, and C,,,, of PBMC NHC-TP increased in a
less than dose-proportional manner over the dose range
studied. Although it is difficult to compare exposures of
NHC in relation to NHC-TP, an exploratory evaluation
of AUC,_,, demonstrated that PBMC NHC-TP exposures
generally correlated with plasma NHC exposures, with
varying correlation on day 1 versus day 11.

This trial provides initial PK, safety, and tolerability
results with molnupiravir q12h dosing up to 800mg for



1954 |

IWAMOTO ET AL.

ASCPT

TABLE 2 Summary statistics of PBMC NHC-TP pharmacokinetics following administration of multiple oral doses of molnupiravir 400,
600, and 800mg every 12h for 10.5days in healthy participants.

Pharmacokinetic parameter

Day 1 (first dose)
AUC,_,, (hnmol/L)*
AUC_, (hnmol/L)?
Cpnax (nmol/L)?*

Tinax ()"

Day 11 (last dose)

AUC ;¢ (hnmol/L)*

AUC,_;, (hnmol/L)*

AUC_j,s (hnmol/L)*

Cpnay (nmol/L)?

T (0)°

Apparent t, , (h)°
Accumulation ratio day 11:day 1

AUC,_;, (hnmol/L)*

Cax (nmol/ L)

Molnupiravir 400 mg (n=6)

88,400 (69,100-113,000)
88,400 (68,100-115,000)
10,500 (7920-13,800)
8.06 (4.00, 12.00)

334,000 (158,000-707,000)

234,000 (183,000-299,000)
356,000 (274,000-461,000)
26,000 (19,700-34,300)
8.00 (3.92, 8.03)

13.60°

2.65(2.29-3.07)
2.49 (2.05-3.02)

Molnupiravir 600 mg (n=6)

139,000 (109,000-178,000)
139,000 (107,000-181,000)
16,700 (12,700-22,000)
4.00 (4.00, 4.00)

651,000 (466,000-909,000)

292,000 (229,000-374,000)
459,000 (353,000-595,000)
32,100 (24,300-42,300)
4.00 (4.00, 12.03)

14.06 (28.52)

2.10 (1.81-2.44)
1.92 (1.58-2.33)

Molnupiravir 800 mg
(n=12)

144,000 (120,000-172,000)
148,000 (123,000-178,000)
17,100 (14,000-20,800)
4.00 (3.98, 8.15)

978,000
(751,000-1,270,000)

354,000 (298,000-421,000)
532,000 (442,000-640,000)
38,500 (31,700-46,900)
4.00 (0.00, 8.08)

18.04 (46.49)

2.46 (2.20-2.76)
2.26(1.97-2.59)

Abbreviations: AUC,,_;,, area under the concentration-time curve from time 0 to 12h; AUC,_;,», AUC extrapolated to infinity; AUC_j,s, AUC to the last
quantifiable concentration; Cy,,,, maximum intracellular concentration; NHC-TP, p-D-N4-hydroxycytidine triphosphate; PBMC, peripheral blood mononuclear
cell; t,,, terminal half-life; T,,,,, time to maximum intracellular concentration.

*Back-transformed least-squares mean and 95% confidence interval from linear mixed-effects model performed on natural-log-transformed values.

*Median (min, max) reported for T, (h).

‘Geometric mean and percent geometric coefficient of variation reported for apparent ¢, , (h).

9Back-transformed least-squares mean difference and 90% confidence interval from linear mixed-effects model performed on natural-log-transformed values.

“Coefficient of variation not calculated due to insufficient concentration data during the terminal phase for five of the participants.
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Individual AUC,_;, of NHC in plasma versus NHC-TP in PBMCs following administration of multiple oral doses of

molnupiravir 400 mg, 600 mg, and 800 mg every 12h for 10.5days to healthy participants (n=6 for 400 and 600 mg, n=12 for 800 mg).
Left panel: day 1; Right panel: day 11. AUC,,, area under the concentration-time curve from time 0 to 12h; MOV, molnupiravir; NHC,

B-D-N4-hydroxycytidine; NHC-TP, -D-N4-hydroxycytidine-triphosphate; PBMCs, peripheral blood mononuclear cells; Rsq, coefficient of

determination.
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10.5days but is limited by the small number of partici-
pants and the use of healthy participants versus patients
with SARS-CoV-2 infection or other viral RNA infections.
Another important limitation of the study is the lack of a
diverse study population, with all participants being White;
however, past data have indicated that race and ethnicity do
not meaningfully influence the PKs of NHC and there are
no known race-based metabolism concerns.?* Additional
studies will be required in a broader population to assess
the safety profile of molnupiravir more fully for dosing up to
10days. Regarding PK evaluation, PBMC PK sampling was
limited and did not adequately span the concentration tail;
therefore, the determination of NHC-TP half-life is limited.

In summary, molnupiravir was generally well-
tolerated at up to 800mg q12h for 10.5days in healthy
participants with no clinically meaningful dose-related
safety findings. Plasma NHC PK and PBMC NHC-TP PK
exhibited dose-linear behavior over the dose range stud-
ied with dose-proportional behavior for NHC and less
than dose-proportional behavior for NHC-TP. The PK
profile is supportive of twice-daily administration. These
results support future clinical studies of molnupiravir,
including pre- or postexposure prophylaxis studies, for
which dosing for up to 10 days may be needed for effective
treatment or prevention of infection due to RNA viruses.
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