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Abstract

The novel coronavirus disease 2019 (COVID-19) emerged in late December 2019 in china and has rapidly spread to many
countries around the world. The effective pharmacotherapy can reduce the mortality of COVID-19. Antiviral medications
are the candidate therapies for the management of COVID-19. Molnupiravir is an antiviral drug with anti-RNA polymerase
activity and currently is under investigation for the treatment of patients with COVID-19. This review focuses on summarizing
published literature for the mechanism of action of molnupiravir in COVID-19, safety, efficacy, and clinical trials of molnupiravir
in the treatment of COVID-19 patients.
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Abstract:

The novel coronavirus disease 2019 (COVID-19) emerged in late December 2019 in china and has
rapidly spread to many countries around the world. The effective pharmacotherapy can reduce the
mortality of COVID-19. Antiviral medications are the candidate therapies for the management of
COVID-19. Molnupiravir is an antiviral drug with anti-RNA polymerase activity and currently is
under investigation for the treatment of patients with COVID-19. This review focuses on
summarizing published literature for the mechanism of action of molnupiravir in COVID-19,

safety, efficacy, and clinical trials of molnupiravir in the treatment of COVID-19 patients.
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1 — Introduction

On December 2019, novel coronavirus disease 2019 (COVID-19) was recognized to cause a
cluster of pneumonia cases in Wuhan, China [1, 2]. It has rapidly spread to other areas of the world
[2-4]. On March 2020, the World Health Organization (WHO) declared COVID-19 as a global
pandemic [5]. As of 28 May 2021, there have been 168 509 636 confirmed cases of COVID-19,
including 3 505 534 deaths, reported to WHO [6]. COVID-19 is an enveloped, and positive single-
stranded RNA virus and belongs to the Coronaviridae family of viruses [7]. Person-to-person
contact and respiratory droplets are the two major routes of transmission of COVID-19 infection
to humans. The usual incubation period for COVID-19 is 14 days [8]. Final diagnosis of COVID-
19 is based on real-time reverse-transcriptase-polymerase chain reaction method [9, 10]. Clinical
manifestations of COVID-19 are fever, dry cough, sore throat, shortness of breath, fatigue,
headache, loss of taste or smell, diarrhea and nausea [2, 3, 11, 12]. Based on the epidemiologic
data, COVID-19 has a lower mortality rate with higher degree of infectivity than the severe acute
respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome
coronavirus (MERS-CoV) [13, 14]. But, underling disease (i.e. hypertension, diabetes, and cancer)
could increase mortality in COVID-19 patient [15]. Antiviral pharmacotherapy was considered for
the treatment of COVID-19 because antiviral drugs used previously for the treatment of respiratory
diseases associated with RNA viruses such as MERS, SARS, and Ebola virus (EBoV) [16, 17].
Molnupiravir (EIDD-2801, MK-4482), a ribonucleoside analog with a broad-spectrum antiviral
activity, inhibits replication of virus by inhibition of RNA-dependent RNA polymerase (RdRp)
activity [18]. It reduced replication of COVID-19 virus in hamster infection model and has been

suggested as a candidate treatment for COVID-19 patients [18]. We aimed to review the clinical
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evidence about the safety and efficacy of the use of molnupiravir in the treatment of patients with

COVID-109.

2 - Mechanism of action of molnupiravir in COVID-19

Molnupiravir is an isopropyl ester prodrug of 'B-D-N4-hydroxycytidine (known, EIDD-1931 or
NHC) [23]. EIDD-1931, a ribonucleoside analog, was developed primarily against the influenza
virus. Recently, its antiviral effects against SARS-CoV and COVID-19, were reported in cell lines
and culture media containing airway epithelial cells [19-21]. Based on the results of studies, EIDD-
1931 inhibits the replication of many viruses, including influenza virus type A and B, EBoV,
MERS-CoV, and encephalitis viruses [19, 22]. The chemical synthesis of molnupiravir from
uridine consists of 5 steps characterized by multiple extractions and tiresome purification
processes. Currently, chemoenzymatic processes used to EIDD-2801 synthesis with 75%
efficiency [20, 24, 25]. EIDD-1931 appears to affect mitochondrial function of viruses but in-vitro
studies show no significant toxicity effects on mitochondrial function [26]. Molnupiravir inhibits
the RdRp enzyme of COVID-19, and causes several errors in the RNA virus replication [27]. In
other words, molnupiravir can reduce the pathogenesis and replication of coronaviruses like
remdesivir. The results of docking study showed that the limited space of mutations in the drug
structure can cause the inhibitory effects of molnupiravir on the appearance of drug resistance-
related mutations. Therefore, molnupiravir can be effective in treating patients with resistant to

remdesivir [28].

3 - Clinical consideration and drug interactions of molnupiravir

Based on pharmacokinetic studies, molnupiravir should be administered twice daily to provide an

adequate concentration in the respiratory tissues [23]. Based on the results of clinical trials,
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molnupiravir is well absorbed orally and shows linear pharmacokinetics between doses of 50-1600
mg. Administration of molnupiravir with food may significantly decrease the rate of absorption.
However, the extent of absorption is similar in both with or without food. Therefore, the
administration of molnupiravir with food is conflicting [29]. Headache, nausea, and diarrhea are
the most common adverse effects of molnupiravir. Other adverse effects include influenza-like
syndrome, back pain, rhinorrhea, hot flashes, and pain in extremity [22, 29]. Trace amounts of
molnupiravir found in the urine [29]. There are no comprehensive studies about its metabolism in
the body, blood carriers, and drug-drug interactions [30]. Therefore, more studies are needed to
clarify the metabolism and drug-drug interactions of molnupiravir. Due to the potential of
molnupiravir for teratogenicity, it should not be used during pregnancy until further studies clarify

their teratogenicity risk [23].

4 - Molnupiravir in COVID-19; published studies

Several studies have investigated the inhibitory effects of molnupiravir on COVID-19 replication
in animal models. In the study conducted by Wahl et al., [26] the effects of EIDD-2801 on lung
infection were investigated in mice. In this study, lung-only mice (LoM) was used as an in vitro
model to assess lung infection. In order to creation of LoM model, human lung tissue was
implanted subcutaneously in the back of male and female mice with 12-21 weeks old. Then, eight
weeks after surgery, these animal models were used for the experimental process. EIDD-2801 was
started 12-48 hours after infection and administered every 12 hours. A significant reduction in the
number of viruses in lung tissue is apparent two days after the start of treatment. For evaluating
the prophylactic effects, molnopiravir was started 12 hours before infection. The results showed
that molnopiravir is more effective in the prevention of COVID-19 infection if it is started earlier.

Cox et al. [31] investigated the effects of EIDD-2801 in inhibiting COVID-19 transmission in
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ferrets. In this study, EIDD-2801 was used as BID, 12 and 36 hours after infection by oral gavage.
Also, the effect of molnupiravir on blocking contact transmission were investigated (in the control
and drug groups). Based on the results, it blocks the virus transmission 24 hours after
administration. In another study conducted by Rosenke et al., [32] the inhibitory effects of EIDD-
2801 on COVID-19 replication were evaluated in Syrian hamster lung epithelial cells and the
results showed a significant reduction in virus replication. In a study conducted by Abdelnabi et
al., [18] the administration of molnopiravir reduced the virus titer and the RNA load of the virus
in a dose-dependent manner compared with the control group. The study has also demonstrated
that delaying therapy may not stop the virus replication. But, the progression of the infection in
the hamster's lungs maybe has a delay. In a similar study conducted by Abdelnabi et al. [21] the
effect of combination therapy with favipiravir and molnupiravir on the COVID-19 infection was
evaluated. In this study, molnupiravir administered at doses of 75, 150, 200, and 500 mg/kg BID
for 4 days (starting treatment 1 hour before infection), and showed a dose-dependent decrease in
virus RNA copies and virus load into lung tissue. If treatment is started 24 hours after infection, it
may not effectively reduce the virus replication but, it can slow the progression of COVID-19. In
this study, a reduction in virus and RNA loading was observed with high doses of favipiravir (300
and 500mg/kg). In addition, the combination therapy of molnupiravir and favipiravir increases the
number of mutations in the RNA structure dramatically compared with favipiravir or molnupiravir
alone, which in turn significantly reduces the RNA titer [21]. The details of these studies are given

in Table 1.

5 - Molnupiravir in COVID-19; ongoing clinical trials

Based on clinicaltrials.gov database until 24 April 2021, five clinical trials are being conducted to

evaluate the efficacy and safety of molnupiravir in COVID-19 patients (Table 2). Among them,
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one study is based in the United Kingdom, and four study are multi-country. Study sample size
ranges from 204 to 1450, with a cumulative sample size of 5004. Molnupiravir is administered orally

at a doses of 50 mg to 800 mg in each clinical trials. The severity of COVID-19 ranges from mild to severe.
One clinical trial evaluates the efficacy and safety of molnupiravir, nitazoxanide, and monoclonal antibody
VIR-7832 in COVID-19 infection. Other trials compare the efficacy of molnupiravir with placebo or

standard of care. The primary endpoints of studies are time-to-sustained recovery, determination of
safety and tolerability of single and multiple ascending doses of molnupiravir, the occurrence of
adverse event, the occurrence of any adverse events as assessed by Kaplan Meier approach,
reduction in serious complications of COVID-19 such as hospitalization, reduction in SA02<92%
or death, virologic clearance rates after oral administration of EIDD-2801, hospitalization rate
and/or death, the occurrence of serious adverse events as assessed by division of acquired
immunodeficiency syndrome (DAIDS). In a Phase 1 clinical trial [29], healthy subjects with age
between 18 and 60 years, and body mass index between 18 and 30 kg/m? were randomized in a
3:1 ratio to receive single dose of molnupiravir, multiple dose of molnupiravir, or placebo for 5.5
days. Subjects were followed for 14 days to assess the safety, tolerability, and pharmacokinetics
of molnupiravir. Maximum serum concentrations reached in 1 to 1.75 hours after oral
administration of molnupiravir. Its biologic half-life is approximately 1 hours. Common adverse
effects are headache and diarrhea, which was lower in the molnupiravir group (12.5%) compared
to the placebo group (18.8%) and 93.3% of adverse effects were mild. The results of this study
showed that molnupiravir is well-tolerated. One subject was discontinued early due to skin rash.
To evaluate the effect of food on pharmacokinetics of molnupiravir, subjects were randomized in
a 1:1 ratio to receive 200 mg molnupiravir in the fed state or 200 mg molnupiravir under fasting

conditions. There was a reduction in the absorption rate, but no decrease in overall exposure.
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6 - Conclusion

The RdRp is an essential enzyme for COVID-19 replication and seems to play a key role in the

pathophysiology of COVID-19. Molnupiravir targets RdRp and is a candidate drug for COVID-

19 treatment. Based on animal studies, molnupiravir can be effective in COVID-19, but well-

designed randomized clinical trial studies are required in the future to confirm the therapeutic

effects of molnupiravir in patients with COVID-109.
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Table 1. Clinical studies published for the therapeutic effects of Molnupiravir in COVID-19

Infection Route of Infection o Other )
Study, Year Dose of Molnupiravir Follow-Up Time Outcomes
Model by SARS-CoV-2 Treatments
S Reducing the replication and
. Direct injection into Days 2, 6, and 14 . ]
Wahl etal., 2021  Mice . - - . . amount of infectious
lung tissue on LoM after infection . . )
particles in lung tissue
5 or 15 mg/kg BID 12 hours post
infection
And . .
) ] undetectable viral particles
5mg/kg BID 36 hours post infection 24 hours after ] .
. o o in the respiratory system and
Coxetal.,2021  Ferrets Intranasal For blocking contact transmission: - initiation of .
] blocking contact
Control group: vehicle (methyl treatment o )
transmission of the virus
cellulose 1%)
Drug group: EIDD-2801, 5 mg/kg
BID
250 mg/kg BID (12 hours pre-
Rosenke et al. , Syrian int | infection and 12 hours post- Fourth day after Reduction in the replication
ntranasa -
2021 hamster infection groups) infection of SARS-CoV-2 viruses
Vehicle (control group)
. . 75 or 200 mg/kg BID(Start Dose-dependent reduction in
Abdelnabi et al. Syrian Gold o ) . .
Intranasal administration 24-48 hours after - - viral RNA load and virus
2020 hamster . . .
infection) for 4 days titer
o Reduction in viral RNA load
Favipiravir . .
. . and virus titer
Abdelnabi et al. Syrian Gold (300mg/kg BID ]
Intranasal 150 mg/kg BID . - Increasing the number of
2021 hamster Intra-peritoneal

injection)

mutations in the RNA

structure

Table 2. Summary of ongoing clinical trials investigating the therapeutic effects of molnupiravir for the treatment of COVID-19



Population

Comparison

ID Status Design Country (n= Intervention group(s) Primary outcomes
. group(s)
patients)
Time-to-sustained recovery
ggﬂgg n?)llzlfg 200 mg or 400 mg or 800 :(:?ﬁ?r?i:tere d Percentage of participants with an adverse
NCT04575584 Recruiting ' Multicounty N=(1300)  mg molnupiravir orally event
placebo- h for5d orally every 12
controlled trial every 12 hours for 5 days hours for 5 days - . .
Percentage of participants who discontinued
study intervention due to an adverse event
Master protocol: Dose-finding /Phase |
Master protocol: efficacy evaluation/Phase
Il - severe patients
molnupiravir administered
orally, twice daily for 10 Master protocol: efficacy evaluation/Phase
doses or nitazoxanide I1 — mild to moderate patients
administered orally
Open-label, . S - g Placebo or . .
NTCO04746183 Recruiting randomized E_nlte dd N=(600) anltlally_t\;]vme d_allydfor 14 standard of care C?T-i_FI’_hasefl. tol c_ie}ermlne éhe szfety anfd
clinical trial ingdom oses with starting dose (in phase 1b) tolerability of multiple ascending doses o
1500 mg BID or VIR- molnupiravir to recommend dose for phase
7832 administered IV I1.
infusion with starting dose
50 mg CST-2 Phase Il: to determine the ability of
molnupiravir to reduce serious
complications of COVID-19 including
hospitalization, reduction in SAO02<92%, or
death.
Randomized, Virologic efficacy
NCT04405570 Completed double-blind, Multicounty  N= (204) EIDD-2801 twice daily Placebo oral Number of participants with any adverse
placebo- (BID) for 5 days capsule .
. events as assessed by Kaplan Meier
controlled trial
approach
Placebo ropralzed andlor e
Randomized, matching P
placebo- molnupiravir administered  molnupiravir Percentage of participants with an adverse
NCTO04575597 Recruiting  controlled, Multicounty N=(1450)  orally in capsule form administered geotp P
. - event
double-blind every 12 hours for 5 days  orally in capsule
clinical trial form every 12 Percentage of participants who discontinued
hours for 5 days . .
study intervention due to an adverse event
. Number of participants that achieve
Randomized, virologic clearance after oral administration
placebo- EIDD-2801 administered Placebo oral of EIDgD-2801
NCTO04405739 Recruiting  controlled, Multicounty N=(1450)  orally twice daily for 5 capsule twice
dquple-bl!nd days daily for 5 days Number of participants with any serious
clinical trial

adverse events as assessed by DAIDS

1V; intravenous, CST; candidate-specific trial, DAIDS; division of acquired immunodeficiency syndrome.






