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Abstract
Background and aims Coronavirus disease 2019 (COVID-19) imposes a substantial and ongoing burden on the US healthcare 
system and society. Molnupiravir is a new oral antiviral for treating COVID-19 in outpatient settings. This study evaluated 
the cost-effectiveness profile of molnupiravir versus best supportive care in the treatment of adult patients with mild-to-
moderate COVID-19 at risk of progression to severe disease, from a US payer’s perspective.
Methods The model was developed using a decision tree for the short-term acute phase of COVID-19 and a Markov state 
transition model for the long-term post-acute phase. This model compared molnupiravir with best supportive care as con-
sistent with the MOVe-OUT trial. Costs were reported in 2021 US dollars. Transition probabilities were derived from the 
phase III MOVe-OUT trial and the TriNetX real-world electronic health records database. Costs were derived from the 
TriNetX database and utility values from a de novo, vignette-based utility study. Deterministic and probabilistic sensitivity 
analyses (DSA/PSA) were conducted. Primary outcomes included proportion hospitalized, proportion who died overall and 
by highest healthcare setting at the end of the acute phase, quality-adjusted life-years (QALYs), and incremental costs per 
QALY gained over a lifetime (100 years) horizon, discounted at 3% annually and assessed at a willingness-to-pay (WTP) 
threshold of $100,000 per QALY.
Results In this model, the use of molnupiravir led to an increase in QALYs (0.210) and decrease in direct total medical costs 
(−$895) per patient across a lifetime horizon, compared with best supportive care in COVID-19 outpatients. Molnupiravir 
was the dominant intervention when compared with best supportive care. Patients treated with molnupiravir were less likely 
to be hospitalized (6.38% vs. 9.20%) and more likely to remain alive (99.88% vs. 98.71%) during the acute phase. Through 
DSA, molnupiravir treatment effect of hospitalization reduction was identified to be the most influential parameter, and 
through PSA, molnupiravir remained dominant in 84% of the total simulations and, overall, 100% cost effective.
Conclusion This analysis suggests that molnupiravir is cost effective compared with best supportive care for the treatment 
of adult outpatients with COVID-19. However, our study was limited by the unavailability of the most recent information 
on the rapidly evolving pandemic, including new viral variants, patient populations affected, and changes in standards of 
care. Further research should explore the impact of vaccination on the cost effectiveness of molnupiravir and other therapies, 
based on real-world data, to account for these changes, including the impact of vaccination and immunity.
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1 Introduction

As of March 2022, the United States (US) has reported over 
78,000,000 coronavirus disease 2019 (COVID-19) cases 
and over 900,000 COVID-19-related deaths, more than any 
other country [1]. The direct cost to US healthcare systems 

and the indirect cost to society are substantial and ongoing 
[2–4]. Severe COVID-19 disease in particular is estimated to 
comprise approximately 7% of total cases but approximately 
49% of total treatment costs (approximately $2.6 billion per 
1000 treated cases) [3].

Mass vaccination with RNA and adenovirus vector vac-
cines in the US has helped to reduce morbidity and mortality 
related to COVID-19 [5, 6]. However, the risk of progres-
sion to severe or critical COVID-19 remains substantial in 
the unvaccinated and immunocompromised [7–9], and the 
emergence of new viral variants may further increase this 
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Key Points for Decision Makers 

Given the high economic burden in this setting in the 
US, this study intends to assess whether molnupiravir is 
cost effective versus best supportive care in the MOVe-
OUT trial population from a US payer perspective.

Molnupiravir compared with best supportive care 
resulted in a dominating (lower costs and higher quality-
adjusted life-years [QALYs]) incremental cost-effective-
ness ratio.

Molnupiravir was estimated to result in longer life expec-
tancy and to be cost effective at a willingness-to-pay 
threshold of $100,000 per QALY gained in the overall 
MOVe-OUT population.

mild-to-moderate COVID-19 and at least one risk factor for 
progression. In this trial, supportive care treatment with anti-
pyretic agents, anti-inflammatory agents, glucocorticoids, or 
a combination was permitted in both arms [15]. This treat-
ment has now been approved in several countries, such as 
the UK and Japan, and is approved for emergency use in the 
US [17–19].

Despite large-scale vaccination programs, the incidence of 
COVID-19 could remain significant in both the US and glob-
ally, driven by limited uptake of vaccination in some areas [20] 
and potential waning immunity that must be supplemented 
with booster doses 6–12 months after initial vaccination [21]. 
In addition, the emergence of new viral variants is also likely 
to reduce the global effectiveness of vaccines against severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection [22]. Individuals willfully remaining unvaccinated 
due to multiple reasons may lead to moral outrage among 
healthcare workers. This could be due to violation of social 
contract, high influx of unvaccinated patients in hospitals, 
and disproportionate utilization of healthcare resources [23]. 
Therefore, availability of effective pharmacological treatment 
options for prompt management of mild-to-moderate disease 
is likely to be a key contributing factor to successful control 
of COVID-19 on a heath-system level. However, assessment 
of the cost effectiveness of these therapies is also required to 
demonstrate the value that may be provided.

This analysis therefore aimed to evaluate the cost effec-
tiveness, from a US payer perspective, for molnupiravir ver-
sus best supportive care in the treatment of adult patients 
with mild-to-moderate COVID-19 at risk of progression to 
severe disease.

2  Methods

A cost-effectiveness model was developed to assess the cost 
effectiveness of molnupiravir versus best supportive care 
in the treatment of adult patients with mild-to-moderate 
COVID-19 at high risk of progression. A decision tree was 
employed to model patients with a starting age of 45 years, 
as per the average age of the MOVe-OUT trial, in the short-
term acute phase (30 days) of COVID-19, and a Markov 
state transition model was developed to model patients in 
the long-term post-acute phase. The decision tree was mod-
eled to reflect the results of the MOVe-OUT trial to fully 
account for the observed mortality benefit of molnupiravir, 
including the reduced number of patients requiring higher 
levels of care following hospitalization, if previously treated 
with molnupiravir (post hoc analysis of hospitalized patients 
in the MOVe-OUT trial is presented in electronic supple-
mentary material [ESM] Table S1). Modeling was imple-
mented in  Microsoft®  Excel® 365 (Microsoft Corporation, 
Redmond, WA, USA).

risk for vaccinated individuals. Therefore, safe and effective 
pharmacological treatments are needed for prompt manage-
ment of infection to prevent severe COVID-19 disease on a 
health system level.

Furthermore, the COVID-19 pandemic has also impacted 
the global economy, leading to an estimated shrinkage of 
5.2% during 2020 [10]. In the US specifically, it has been 
forecast that COVID-19 will result in almost $8 trillion in 
economic losses over the next decade [11]. Over 60 million 
initial unemployment claims were filed in 2020, and the US 
federal government has spent $2.4 trillion in the form of 
COVID-19 relief bills [12, 13]. National healthcare spend-
ing increased by 9.7% in 2020 to $4.1 trillion, however pri-
vate health insurance spending decreased by 1.2% to $1.15 
trillion (28% of total national health spending) [14]. These 
changes were due to decreased enrollment and decreased 
use of healthcare services during the initial stages of the 
COVID-19 pandemic. Both Medicare and Medicaid spend-
ing increased (3.5% and 9.2%, respectively), with Medi-
care private health plan spending increasing by 17.1%. The 
increase in Medicaid was due to a rapid increase in spending 
for hospital care in the pandemic, however this was offset 
by a decline in private health insurance and out-of-pocket 
spending; therefore, hospital spending remained steady and 
realized a spending of $1.3 trillion in 2020.

Molnupiravir is an oral antiviral treatment that has been 
shown to improve clinical outcomes in outpatients with 
COVID-19, through inhibition of viral replication [15, 16]. 
In the phase III MOVe-OUT trial, a double-blind, parallel-
group, randomized, placebo-controlled trial, molnupiravir 
demonstrated significant efficacy versus placebo in reduc-
ing hospitalization or death among unvaccinated adults with 
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Although other antiviral therapies are approved for use 
in the outpatient setting, molnupiravir was compared with 
best supportive care because there is no widely recognized 
consensus on the use of these other therapies due to a rap-
idly evolving treatment landscape. Furthermore, other tri-
als for outpatient therapies were standalone trials and were 
designed to test their respective hypotheses versus placebo, 
with disparate characteristics in trial designs and popula-
tions. This analysis only compared molnupiravir with best 
supportive care, corresponding to the design of the MOVe-
OUT study. The analysis was conducted from the perspec-
tive of healthcare payers in the US at a willingness-to-pay 
(WTP) threshold of $100,000 per QALY, and costs were 
expressed in US dollars (US$) in 2021.

2.1  Model Structure

This cost-effectiveness analysis comprised a decision tree 
model of the acute phase of COVID-19 (30 days), followed 
by a Markov model with a lifetime horizon limited to 100 
years of age or death, whichever occurred first (see Fig. 1).

At simulation initiation, all patients experienced mild-to-
moderate COVID-19 and were managed in the outpatient 
setting. Patients could then progress to hospitalization due 
to COVID-19, which included three possible highest levels 
of care (general ward, intensive care, or intensive care with 
mechanical ventilation)—each with an associated mortality 
rate. Long-term sequelae (defined as cardiovascular, pulmo-
nary, and neurologic conditions or other general symptoms 

related to COVID-19 that remained up to 6 months after the 
initial onset of symptoms) and all-cause readmissions after 
the initial COVID-19 hospitalization were also modeled for 
patients who had survived the acute phase.

Adverse events related to treatment were not modeled as 
no safety concerns were raised following completion of the 
phase III MOVe-OUT trial of molnupiravir [15].

2.2  Model Inputs

For the base-case analysis, patient characteristics, hospitali-
zation rate, and in-hospital mortality rates were estimated 
using data from the phase III MOVe-OUT trial of molnupira-
vir, alongside the TriNetx database study for parameters 
that were not captured in the trial (see Sect. 2.2.1, Clinical 
Parameters). Utilities were derived using the Euro-QoL-
5D-5L study (see Sect. 2.2.2, Utilities). These sources pro-
vided parameter estimates for the base-case analysis, while 
other sources were explored for scenario analyses (see 
Sect. 3.2, Sensitivity, Scenario and Threshold Analyses).

Published literature, further real-world database findings, 
and a primary research study were used to estimate disease 
progression probabilities, treatment costs, and data on qual-
ity of life (see utilities and cost parameters).

2.2.1  Clinical Parameters

Transition probabilities for the base-case analysis were 
informed by the MOVe-OUT study [15], and the TriNetX 

Fig. 1  Structure of analysis. COVID-19 coronavirus disease 2019, ICU intensive care unit, HCRU  health care resource use, RR risk ratio
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real-world electronic health records database in the US 
informed the parameters (such as outpatient and emergency 
department (ED) visit rates, proportion experiencing long-
term sequelae, and readmission rate) that were not fully cap-
tured in the MOVe-OUT study (see Table 1) [24].

The MOVe-OUT trial was a double-blind, parallel group, 
randomized, placebo-controlled trial evaluating the safety 
and efficacy of molnupiravir in non-hospitalized adults with 
COVID-19 [15].

The TriNetX database includes anonymized records for 
adult patients treated for COVID-19 at academic medical 
centers across the US (a total of 37 organizations, at the 
time of analysis) [24]. Both outpatient and inpatient records 
are included and are longitudinally linked [24]. The study 
population included adults who had at least one positive 
COVID-19 polymerase chain reaction (PCR) laboratory test 

or COVID-19 diagnosis code on or after 20 January 2020 to 
25 January 2021. The study excluded patients with vaccina-
tion status, patients with no record of any healthcare encoun-
ter, despite the diagnosis, prior to COVID-19 admission, or 
if they were enrolled in a clinical trial anytime during their 
COVID-19 treatment.

Demographic characteristics derived from these sources 
included age, sex, and age at death. Clinical parameters 
estimated using these sources included the key transition 
probabilities of hospitalization rate and highest level of care, 
as well as length of stay (by highest level of care). Further 
parameters that were only available from TriNetX included 
rate of outpatient visits and ED visits, rates of long-term 
sequelae (namely cardiovascular, pulmonary, and neurologic 
conditions as well as other general symptoms), and read-
mission rates [25]. The length of stay on readmission was 

Table 1  Demographic characteristics and clinical parameters

When SE was not available, this was assumed to be 5% of the mean value
SE standard error
a Based on previous observational evidence [23]

Parameters MOVe-OUT trial (post hoc analysis) 
[N = 699] (for the base-case analy-
sis)

US real-world data (TriNetX) [N = 177,049] (for the 
base-case analysis where data are not available from 
the MOVe-OUT trial)

Age, years (SE) 45.3 (0.57) 48.3
Age at death, years (SE) 61 (5.86) 72
Female (SE) 49% (0.02) 56%
Proportion with pre-existing diabetes and serious 

heart conditions
3% 6%

Hospitalization rate (SE) 9.2% (0.01) 9.3%
Proportion, by highest hospital setting [% (SE)]
General ward 70% (0.06) 70%
Intensive care unit 17% (0.05) 14%
Mechanical ventilation 13% (0.04) 16%
Length of stay, by highest hospital setting, days (SE)
General ward 10 (0.82) 6 (0.09)
Intensive care unit 14 (1.13) 21 (0.53)
Mechanical ventilation 14 (1.33) 22 (0.51)
Other parameters (real-world data only)
Outpatient visits [n (SE)] 4 (0.01)
Emergency department visit [n (SE)] 2 (0.01)
Patients with emergency department visit (%) 28%
Length of stay in readmitted (days) 7a

Long-term sequelae in alive patients in their respective health states after the acute phase (%) [real-world data only]
Outpatient 44%
General ward 77%
Intensive care unit 97%
Mechanical ventilation 96%
Proportion of alive patients in their respective health states experiencing readmissions after the acute phase (%) [real-world data only]
General ward 14%
Intensive care unit 36%
Mechanical ventilation 36%
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defined as 7 days, as suggested by observational evidence 
[26].

In-hospital mortality rates due to COVID-19 (by highest 
level of care) were estimated using the data of patients from 
the MOVe-OUT trial who initiated therapy in the outpatient 
setting but were hospitalized for COVID-19 (see Table 2), 
while background mortality rates for patients in the post-
acute phase were estimated from 2017 US life tables [27]. In 
addition, a standardized mortality ratio of 1.5 was applied to 
the background mortality rate for those individuals with seri-
ous severe cardiovascular conditions or diabetes, as recent 
studies have demonstrated that comorbidities increase mor-
tality risk in hospitalized patients surviving the acute phase 
of COVID-19 [28–32]. The reduced mortality for those who 
were hospitalized following molnupiravir treatment in the 
outpatient setting (versus best supportive care) reported in 
the MOVe-OUT trial was also modeled. This benefit resulted 
from reduced disease severity among patients treated with 
molnupiravir, even after hospitalization. In particular, the 
WHO-11 ordinal scale analysis showed treatment with mol-
nupiravir was associated with less intensive hospital care 
before death (see ESM Table S1).

The direct impact of molnupiravir on hospitalization 
(and further progression), and therefore its indirect impact 
on mortality, were estimated from the MOVe-OUT study 
(see Table 3 and ESM Table 1) [15]. A post hoc analysis 
was conducted for the subpopulation hospitalized for reasons 
related to COVID-19 through day 29. This analysis popula-
tion included 45 participants assigned to receive molnupira-
vir 800 mg and 64 participants assigned to receive placebo. 
The small sample sizes are reflected in broad confidence 
intervals for these estimates (see Table 3).

2.2.2  Utilities

To estimate quality-adjusted life-years (QALYs) accrued 
by patients, the time spent in each health state was multi-
plied by the utility for each health state. A utility value of 
0.0 typically corresponds to death and a utility value of 1.0 

corresponds to the (hypothetical) state of perfect health. As 
health state utility values for COVID-19 patients were not 
available from MOVe-OUT or from the published litera-
ture, a de novo vignette-based utility study was conducted 
to derive appropriate values for use in this analysis (see 
Table 4). In this study, a series of health state descriptions, 
or vignettes, were developed to depict a range of health 
states pertinent to the natural history of COVID-19, and 
reflective of the health states in the cost-effectiveness model 
(see ESM Tables S2 and S3). Members of the general public 
in the UK (n = 500) then completed the EQ-5D-5L question-
naire, a generic, preference-based health-related quality of 
life (HRQoL) tool, for these health states, acting as proxies 
for patients. The existing US EQ-5D-5L value set was then 
applied to generate utility values [33].

2.2.3  Cost Parameters

Cost per course of treatment for molnupiravir ($707) was 
derived from the US Advance Purchase Agreement. Based 
on this agreement, the US government purchased 3.1 million 

Table 2  Mortality rate parameters

SE standard error
a Derived from MOVe-OUT trial (post hoc analysis). Modelled effect 
on mortality is dependent on the highest score reached on WHO Clin-
ical Progression Scale (11-point); WHO scores 4–5 assumed to rep-
resent general ward; WHO score 6 assumed to represent ICU; WHO 
scores 7–9 assumed to represent mechanical ventilation

Parameters Mortality  ratea

General ward (SE) 2.2% (0.02)
Intensive care unit (SE) 27.3% (0.13)
Mechanical ventilation (SE) 62.5% (0.17)

Table 3  Efficacy of molnupiravir based on the MOVe-OUT trial

Note: Estimates are derived from post hoc analysis of MOVe-OUT 
trial data through day 29 (see Supplementary information Table 11).
ICU intensive care unit, WHO World Health Organization

Treatment effect Risk ratio [con-
fidence interval]

Progression to COVID-19 related hospitalization 0.69 [0.48–1.00]
Progression to score 6 (ICU) 0.83 [0.33–2.08]
Progression to scores 7–9 (mechanical ventilation) 0.76 [0.24–2.37]

Table 4  Health state utility parameters

SE standard error
a Derived from de novo primary research study as specified above

Health states Utility  valuesa

Mild/moderate symptoms (SE) 0.51 (0.007)
General ward (SE) 0.16 (0.009)
Intensive care unit (SE) 0.23 (0.009)
Mechanical ventilation (SE) 0.00 (0.005)
Long-term sequelae (SE) 0.46 (0.008)
Recovered without long-term sequelae (SE) 0.89 (0.005)
Readmission Assumed same as 

general ward health 
state
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courses of molnupiravir for approximately $2.2 billion by 
early 2022 [34].

The direct medical cost of COVID-19 management was 
derived from encounter data within the TriNetX database 
and imputed using proxy costs from Centers for Medicare 
& Medicaid Services (CMS)-generated Medicare fee-for-
service claims data (see Table 5) [25]. Specifically, costs 
were those listed as total allowed amounts paid from insur-
ers to healthcare facilities. For patients under the age of 
65 years, adjustment factors to proxy costs from the CMS 
specific to the physician, hospital outpatient department, and 
hospitalization level were applied for estimating costs for 
commercially insured patients. Costs were calculated as total 
costs for each encounter recorded in the electronic medical 
records (EMRs) and summed to estimate the total cost of 
medical care. Total direct medical costs were stratified by 
inpatient costs (general ward, intensive care unit [ICU], and 
ICU with mechanical ventilation), outpatient costs, and ED 
costs. Costs were adjusted from 2018 to 2021 US$ using 
the medical care component of the Consumer Price Index.

A conservative approach was undertaken where long-
term sequelae imposed only outpatient medical costs for 
5 months following hospital discharge (and not inpatient 
medical costs, for which there is inadequate evidence).

2.3  Outcomes

Outputs included the proportion of patients remaining in 
the outpatient setting, undergoing hospitalization, remaining 
alive, dying, experiencing long-term sequelae, and experi-
encing all-cause readmission following the acute phase.

Any mortality benefit of molnupiravir was modeled 
indirectly as a consequence of its reduction on the rate of 
hospitalization (and inpatient mortality) among treated 
outpatients.

Total costs per patient were calculated by healthcare 
resource type and health state, and total QALYs per patient 
were calculated by health state. The incremental cost-effec-
tiveness ratio (ICER) of molnupiravir versus best supportive 
care was calculated and a cost-effectiveness acceptability 
curve was developed. A WTP threshold of $100,000 per 
QALY gained was used to assess a strategy’s cost effective-
ness, an incremental cost per QALY threshold below which 
interventions are typically considered to be favorably cost 
effective [35]. Costs and QALYs were discounted at 3% per 
year.

2.4  Sensitivity Analysis

Both a deterministic sensitivity analysis (DSA) and a proba-
bilistic sensitivity analysis (PSA) were conducted, including 
a base-case analysis for different time horizons (1, 5, 10, and 

Table 5  Direct medical cost of 
managing COVID-19

The cost of COVID-19 hospitalization and readmission includes the cost of management of a patient by 
highest hospital setting during the entire stay and was obtained from claims data. Management includes 
costs of type of oxygen support received and medication. The cost of long-term sequelae management is 
the average cost per patient per month for patients surviving the highest level of care. The costs include 
outpatient visit cost and pharmacy costs. Pharmacy costs were based on electronic medical records of pre-
scribed medications normally used to treat each condition of the long-term sequelae
COVID-19 coronavirus disease 2019, SE standard error
a Derived from TriNetX (encounter data imputed with proxy costs)

Parameters Costa

Outpatient visit (per visit) $351 (3.66)
Emergency department visit (per visit) $2468 (14.18)
Cost of COVID-19 hospitalization, by highest hospital setting (SE)
General ward $32,543 (104.94)
Intensive care unit $54,867 (611.61)
Mechanical ventilation $101,401 (1104.23)
Cost of readmission for patients surviving from highest hospital setting (SE)
General ward $54,691 (954.36)
Intensive care unit $71,324 (1856.51)
Mechanical ventilation $119,342 (2381.77)
Long-term sequelae management cost, patients surviving highest level of care (SE)
Outpatient $829 (17.31)
General ward $1130 (27.48)
Intensive care unit $1951 (105.15)
Mechanical ventilation $2199 (127.54)
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35 years) [36]. The DSA varied parameters within their 95% 
confidence intervals. Where the variance information was 
unavailable (literature-based parameters), the standard error 
was assumed to be 5% of the mean (see ESM Table S4). 
This analysis also conducted value-of-information analysis. 
The overall expected value of perfect information (EVPI) 
was calculated by subtracting the net benefit of the optimal 
strategy given perfect information from the net benefit of the 
non-optimal strategy that would be adopted given the current 
information, which was averaged over all model iterations.

The predefined distributions for the PSA reflect recom-
mendations by Briggs et al. (see ESM Table S4) [36]. A 
beta distribution was used for probabilities (Dirichlet for 
polytomous parameters) and health state utility values, and 
a gamma distribution was used for costs related to COVID-
19 management. For other variables (continuous variables) 
such as length of stay, a normal distribution was utilized. 
For treatment effect parameters (relative risk), a log-nor-
mal distribution was utilized. The PSA sampled from the 
distribution of each model parameter in 10,000 iterations. 
The results for each probabilistic model run were also rep-
resented using a cost-effectiveness acceptability curve (see 
ESM Fig. SF3).

2.5  Scenario Analyses

Further scenario analyses were also conducted to explore 
the impact of structural model changes on the ICER for mol-
nupiravir (see Table 6 for summary of analyses, and ESM 
Tables S5, S6, and S7 for inputs).

2.5.1  Scenario 1: Subgroups

Ten prespecified subgroups from the MOVe-OUT trial were 
tested in this scenario analysis, including those above or 
below 60 years of age, those with a body mass index (BMI) 
≥ 30, those with or without diabetes, those with symptomatic 
onset < 3 days or between 3 and 5 days, those with mild 
COVID-19 at baseline, and those with moderate COVID-19 

at baseline. The analysis did not include the subgroup of 
patients who had positive antibody at baseline because of 
low event rate (only one patient was hospitalized).

2.5.2  Scenario 2: Alternative Health State Utility Values

The analysis explored quality-of-life parameters from pub-
lished literature other than de novo vignette-based utility 
studies (see ESM Table S7) [37–40]. We ran base-case-like 
analysis using the alternate health utility values (assuming 
25% standard error of the mean) and assessed its impact on 
the results.

2.5.3  Scenario 3: Exclusion of Long‑Term Sequelae 
and Readmissions

Evidence on long-term sequelae and readmissions in 
COVID-19 patients is well established [41, 42]; however 
these outcomes were not captured in the MOVe-OUT trial. 
In this scenario, the analysis excluded these outcomes and 
explored its impact on the results.

2.5.4  Scenario 4: Alternative Patient Characteristics 
and Baseline Risks

In this scenario analysis, patient characteristics and baseline 
risks were taken from the US real-world data (TriNetX), 
rather than from the MOVe-OUT trial (see Table 2 and ESM 
Table S5).

2.5.5  Scenario 5: Alternative Patient Characteristics, 
Baseline Risks, and Cost

This scenario analysis tested two alternative sources of cost 
parameters (see ESM Table S6), together with the param-
eters varied in the previous section (baseline risks from US 
real-world data [TriNetX]).

The first source of cost parameters was an unpublished 
analysis of confirmed COVID-19 cases registered within 

Table 6  Scenario analyses conducted to assess the cost effectiveness of molnupiravir

BMI body mass index, COVID-19 coronavirus disease 2019

Scenario 1: Analysis applying MOVe-OUT subgroup characteristics and outcomes to all patients (tested for 10 subgroups: > 60 years of age; ≤ 
60 years of age; BMI ≥ 30; BMI < 30; with diabetes; without diabetes; symptom onset to randomization ≤ 3 days; symptom onset to randomi-
zation >3 days (≤ 5 days); mild COVID-19 severity at baseline; moderate COVID-19 severity at baseline)

Scenario 2: Analysis using health state utility values from the published literature, rather than from de novo primary research
Scenario 3: Analysis not including long-term sequelae and readmission events
Scenario 4: Analysis using baseline risk data from US real-world data (TriNetX) rather than MOVe-OUT
Scenario 5: Analysis using baseline risk data from US real-world data rather than MOVe-OUT, and cost data from the Premier Health Database 

or published literature rather than TriNetX
Scenario 6: Societal perspective: analysis incorporating the societal impact of productivity losses among inpatients or symptomatic outpatients
Scenario 7: Variations of the above where vaccine effectiveness against hospitalization and mortality were varied
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the Premier Health Database between 1 February 2020 and 
12 December 2020. The Premier Health Database is a US 
hospital-based, service-level, all-payer database containing 
inpatient and outpatient encounter data primarily from non-
profit, non-governmental, community and teaching hospi-
tals, and health systems from rural and urban areas [43, 44]. 
Costs were reported for the COVID-19-associated health 
care resource use, including mean associated cost (calcu-
lated from the hospital billing data within the electric medi-
cal records). Several assumptions were made for parameters 
such as that the cost of ED was assumed to be twice the 
outpatient cost, the cost of management for long-term seque-
lae was assumed to be the same as that of the COVID-19 
outpatient cost, and the cost of readmission was assumed to 
be the same as that of the general ward.

The second source of cost parameters was based on pub-
lished literature (see ESM Table S6) [45, 46]. Similarly, in 
this analysis, several assumptions had to be made: (1) cost 
of COVID-19 hospitalization with no oxygen support and 
low-flow oxygen support was assumed to be the same as that 
of the general ward; (2) cost of COVID-19 hospitalization 
with high-flow oxygen support or non-invasive ventilation 
was assumed to be the same as that of the ICU; and (3) cost 
of managing long-term sequelae was assumed to be that of 
an outpatient visit of complexity reported in the CMS Physi-
cian Fee Schedule [47].

2.5.6  Scenario 6: Inclusion of Productivity Loss 
among Inpatients or Symptomatic Outpatients

This scenario analysis is a societal perspective incorporat-
ing short-term productivity loss, assuming that COVID-19 
patients were not working for the duration of their symp-
toms. The productivity loss was estimated by multiplying 
the average daily wage (considering level of employment) by 
the number of symptomatic days (in outpatients) or length 
of stay (in hospitalized patients). The income data were 
obtained from the Bureau of Labor Statistics (BLS) [48].

2.6  Threshold Analysis

As the outcome in COVID-19 patients is evolving due to the 
continued vaccination program and variants that are associ-
ated with milder disease, a threshold analysis was performed 
to estimate the baseline hospitalization and mortality rate 
threshold at which molnupiravir became cost effective (at 
a WTP threshold of $100,000 per QALY gained) or domi-
nant, when compared with best supportive care [49–51]. 
In this analysis, different rates of hospitalization (1–7%) 
and mortality (95% reduction in baseline mortality rate to 
70% reduction) were used. The range of hospitalization rate 
and reduction in mortality rate was based on assumption 

as it was challenging to obtain accurate numbers given the 
evolving pandemic along with waning vaccine effectiveness. 
Additionally, the hospitalization rate in the at-risk popula-
tion was also difficult to locate. In this approach, the model 
was re-run each time to get an ICER value when the hospi-
talization rate and mortality rate (applied to baseline mor-
tality in the general ward, ICU and mechanical ventilation) 
was changed. Additionally, costs associated with COVID-19 
management were assumed to be the lowest estimates among 
the three sources used in base-case and scenario analyses for 
each level of healthcare (see Table 5 and ESM Table S6).

3  Results

3.1  Base‑Case Analysis

The effects of molnupiravir on reduction of hospitalization 
rate, and reduction of disease severity after hospitalization, 
were modeled. Overall, molnupiravir increased per patient 
QALYs (0.210) and reduced per patient total healthcare 
costs (−$895) over the lifetime horizon compared with best 
supportive care; therefore, treatment with molnupiravir dom-
inated treatment with best supportive care (improved health 
outcomes and reduced cost) [see Table 7]. Patients treated 
with molnupiravir were less likely to be hospitalized com-
pared with patients receiving best supportive care (6.38% 
vs. 9.20%), and were therefore more likely to remain alive 
(99.88% vs. 98.71%) during the acute phase (see Table 8).

Treatment with molnupiravir reduced costs due to lower 
hospitalization rates ($2696 vs. $4139) and because it 
reduced subsequent readmissions and long-term sequelae 
($838 + $2177 vs. $975 + $2239) [see Table 9]. Over the 
lifetime horizon, treatment with molnupiravir increased 
QALYs (17.721 vs. 17.512) [see Table 10].

3.2  Sensitivity, Scenario, and Threshold Analyses

DSA, which varied each parameter individually (as 
described in the Methods section), found that under all alter-
native assumptions tests, molnupiravir continued to domi-
nate best supportive care (see Fig. 2 and ESM Fig. SF4). 
However, the DSA results suggested that the ICER value 
was most sensitive to the treatment effect of hospitaliza-
tion reduction by molnupiravir, followed by the treatment 
effect of molnupiravir relative risk of mechanical ventila-
tion, mortality rate in the highest hospital setting (among 
patients not treated with molnupiravir), and molnupiravir 
relative risk of ICU.

Figure 3 presents total discounted costs and QALYs 
for all 10,000 iterations of the model run in the PSA. 
The ICERs for molnupiravir versus best supportive care 
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remained largely in the southeast quadrant, which indi-
cates that molnupiravir is more effective and less costly 
than best supportive care. The cost-effectiveness accept-
ability curve (not presented in this article) demonstrated 
that molnupiravir consistently remained the strategy with 
the greatest (100%) probability of being the most cost 
effective at WTP thresholds ranging up to $100,000 per 
QALY gained. Of 10,000 iterations of the model run in the 
PSA, 84% of iterations showed molnupiravir dominated 
best supportive care.

The value of information analysis depicts the amount 
a decision maker would be willing to pay knowing all the 
information influencing the decision of selecting a prefered 
treatment from this analysis. In other words, the EVPI is 
showing us how much a decision maker will lose if the 
optimal strategy is wrong (see ESM Figs. SF7 and SF8). 

Table 7  Overall QALY, cost, and ICER estimates for molnupiravir versus best supportive care, in the base-case analysis

BSC best supportive care, ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-years

Treatment Total 
discounted 
QALYs

Total 
discounted 
costs

Incremental QALYs (molnupira-
vir vs. BSC)

Incremental costs (molnupiravir 
vs. BSC)

ICER (molnupiravir vs. BSC)

Molnupiravir 17.721 $8795 0.210 −$895 Dominating
BSC 17.512 $9690

Table 8  Disease outcomes

Proportion of patients (%) Molnupiravir (%) Best support-
ive care (%)

Total alive, acute phase 99.88 98.71
Total dead, acute phase 0.12 1.29
Proportion hospitalized 6.38 9.20
Proportions in those who were alive at the end of the acute phase, by highest level of care
Outpatient 93.62 90.80
General ward 4.84 6.32
Intensive care unit 0.87 1.15
Mechanical ventilation 0.55 0.43
Proportions in those who died at the end of the acute phase, by highest level of care
General ward 0.02 0.14
Intensive care unit 0.04 0.43
Mechanical ventilation 0.06 0.72
Proportion readmitted 1.20 1.47
Proportions of those who survived the acute phase and experienced long-term sequelae, by highest level of care
Outpatient 41.12 39.88
General ward 3.71 4.84
Intensive care unit 0.85 1.12
Mechanical ventilation 0.52 0.41

Table 9  Direct medical cost outcomes

a Includes outpatient visit cost and Emergency Department visit cost

Cost outcomes Molnupiravir ($) Best sup-
portive care 
($)

Total costs 8795 9690
Acute phase
Drug cost 707 0
Outpatient  costa 2378 2338
Total hospitalization cost 2696 4139
General ward 1582 2105
Intensive care unit 499 868
Mechanical ventilation 614 1166
Post-acute phase
Readmission cost 838 975
Total long-term sequelae cost 2177 2239
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Thus, the expected monetary loss per patient by a deci-
sion maker who chooses best supportive care as an opti-
mal strategy is $21,464 (at $100,000 per QALY); however, 
there is no loss to a decision maker for molnupiravir.

Results for the cost effectiveness of molnupiravir ver-
sus best supportive care in a number of scenario analyses 
also showed that molnupiravir remains dominant and/or 
cost effective in every scenario (see ESM Table S8 and 
ESM Fig SF2). At 1-, 5-, 10-, and 35-year time horizons, 
molnupiravir dominated best supportive care (see ESM 
Table S8).

The threshold analysis showed that molnupiravir 
remained cost effective in all scenarios, with a baseline hos-
pitalization rate ≥ 3% and a reduction in mortality rate of 
95%, and remained dominant in all scenarios, with a base-
line hospitalization rate ≥ 6% and a reduction in mortality 
rate of 95% (see ESM Fig. SF2). The baseline hospitaliza-
tion threshold reduced when the reduction in mortality rate 
decreased.

3.3  Validation

Both internal and external validation were conducted. For 
external validation, validation with real-world data was 
carried out on the outcomes of patients with COVID-19; 
however, validation of long-term outcomes of COVID-19 
could not yet be carried out due to paucity of such data in 
the MOVe-OUT patient population.

For internal validation, a comparison of the predicted 
model results and the observed trial results per the MOVe-
OUT study showed an alignment in the results (see ESM 
Table S10), especially for the incremental outcomes between 
the molnupiravir and best supportive care arm at the acute 
phase [15]. Lastly, a quality check of the model was con-
ducted using the TECHnical VERification (TECH-VER) 
checklist (see ESM Table S11) [52].

4  Discussion

Following the US FDA emergency use authorization based 
on the results of the MOVe-OUT trial [18], molnupiravir 
represents an innovative treatment that fulfils an unmet need 
for treating outpatients with COVID-19. This analysis dem-
onstrated that treatment with molnupiravir reduced COVID-
19 hospitalization, disease severity, and in-hospital mortal-
ity, and that surviving patients who were hospitalized were 
less likely to experience long-term sequelae or readmission. 
It concluded that when compared with best supportive care, 
treatment with molnupiravir was associated with cost sav-
ings and QALY gains, and can be considered a cost-effec-
tive treatment option in the management of outpatients with 
COVID-19 at risk of progression to severe disease in the 
US. Recent evidence suggests that hospitalized patients who 
were treated with molnupiravir experienced reduced hospital 
length of stay (median 3 days reduction), demonstrating its 
additional clinical benefits [53]. However, this analysis did 
not apply treatment effect, leading to a reduction in hospital 
length of stay.

In the current analysis, the price of molnupiravir was 
based on the US Advance Purchase Agreement price ($707), 
as its commercial price is not yet available. A threshold anal-
ysis was conducted as part of this research, suggesting that 
molnupiravir remains cost effective up to a price of approx-
imately $22,500 per treatment course, at the commonly 
accepted US WTP threshold of $100,000 per QALY gained.

In February 2022, the Institute for Clinical and Economic 
Review published a draft report on the cost-effectiveness 
profile of several COVID-19 therapies (including molnupira-
vir), individually against usual care in the US [54]. While 
the Institute for Clinical and Economic Review’s model 
structure was similar to the structure of the current study’s 
model, in that draft report the ICER of molnupiravir ver-
sus usual care was estimated at $55,000 per QALY gained. 
There are several key differences in the assumptions between 

Table 10  QALY outcomes

QALYs quality-adjusted life-years

Health state Molnupiravir Best supportive care

Total QALYs 17.72168 17.51153
QALYs in the acute phase
Outpatient 0.01438 0.01395
Hospitalization, overall 0.00077 0.00098
Hospitalization, general ward 0.00059 0.00076
Hospitalization, intensive care unit 0.00013 0.00019
Hospitalization, mechanical ventilation 0.00004 0.00003
QALYs in the post-acute phase
Readmission 0.00425 0.00529
Long-term sequelae 0.28678 0.28742
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the Institute for Clinical and Economic Review model and 
the current analysis. First, in the Institute for Clinical and 
Economic Review model, the baseline risk in the usual 
care arm was based on a pooled estimate across different 
trials of COVID-19 therapies, weighted by the number 

of US participants in each individual trial. This approach 
was considered as the Institute for Clinical and Economic 
Review believed it would represent the patient population 
in the US that would receive these outpatient treatments for 
COVID-19. However, this approach may not be considered 

Fig. 2  Deterministic sensitivity analysis of the cost effectiveness of 
molnupiravir versus best supportive care. A negative ICER indicates 
that molnupiravir is dominating best supportive care (that is, leading 
to increased QALYs alongside reduced cost). The list of parameters 
presented in the DSA figure are based on the most impactful fig-

ures on the ICER value (top to bottom). ICU intensive care unit, MV 
mechanical ventilation, ICER incremental cost-effectiveness ratio, 
QALYs quality-adjusted life-years, DSA deterministic sensitivity anal-
ysis, CI confidence interval

Fig. 3  Probabilistic sensitivity analysis of the cost effectiveness of molnupiravir versus best supportive care. MOV molnupiravir treatment, Supp 
supportive (care), QALYs quality-adjusted life-years
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appropriate as trials and their participants had disparate 
characteristics which should have been accounted for. Sec-
ond, the Institute for Clinical and Economic Review model 
did not replicate the MOVe-OUT trial results in terms of 
COVID-19-associated mortality. This approach averted 
mortality through preventing hospitalization [55]. Third, 
the Institute for Clinical and Economic Review’s model 
included a proportion of patients who were vaccinated, 
and adjusted the baseline hospitalization in the base-case 
analysis, despite vaccinated individuals being excluded from 
the trials from which analysis parameters were drawn. This 
inclusion of vaccinated individuals in the Institute for Clini-
cal and Economic Review approach was on the basis that 
these outpatient therapies for COVID-19 are eligible for all 
at-risk populations regardless of vaccine status. Finally, the 
Institute for Clinical and Economic Review model included 
unrelated health care costs for patients surviving the acute 
phase, thereby applying a penalty to interventions that save 
lives.

Since the beginning of 2020, the COVID-19 landscape 
has been evolving rapidly, especially after the advent of the 
mass vaccination program from the end of 2021. Neverthe-
less, in the MOVe-OUT trial, vaccinated patients were not 
included. This was because of the small size of the vac-
cinated population when the trial began and the unknown 
impact of vaccination under Emergency Use Authorization 
on the primary endpoint at the time of the study. This also 
reflected those most likely to need antiviral treatment, in 
order to facilitate more rapid evaluation of the therapeutic 
efficacy of molnupiravir. Additionally, in the MOVe-OUT 
trial, approximately 56% of sequenced infections were of the 
Delta variant [15], which was associated with more severe 
disease than the currently circulating Omicron variant. 
Recently, a study conducted in Houston, TX, USA, reported 
that the Omicron variant was associated with a 54% lower 
hospitalization rate when compared with the Delta variant 
(19.8% vs. 43.1%) in symptomatic patients, and the mortal-
ity in the same population was 83% lower (0.9% vs. 5.3%) 
[50]. In this study, 40.6% of those who were infected with 
the Omicron variant were not vaccinated (72.6% for the 
Delta variant). Similarly, a study from southern California, 
USA, estimated the adjusted hazard ratio of symptomatic 
hospitalization between the Omicron and Delta variant at 
0.56 (7.2% vs. 31.6%) in those who had a non-zero Charlson 
Comorbidity Index [49]. Among those who were infected 
with the Omicron variant, 29.5% were not vaccinated (48.1% 
for the Delta variant).

In the current analysis, the effect of vaccination at the 
population level and the effect of variants that are associated 
with a milder disease were approximated by reducing the 
baseline risks of hospitalization and mortality. As shown 
earlier in the analysis, molnupiravir remained cost effective 

when the baseline hospitalization rate was ≥ 3% (a reduc-
tion of 67% from the current baseline rate of 9.2%) and a 
reduction in mortality rate of 95%, and dominant when the 
rate was ≥ 6% (a reduction of 35% from the current baseline 
rate of 9.2%) and a reduction in mortality rate of 95%, when 
compared with best supportive care. Therefore, even when 
the impact of vaccination and milder variants are considered, 
molnupiravir may still be considered as a cost-effective treat-
ment option for those in need. Given the waning vaccine 
effectiveness, potential future variants that may impact vac-
cine effectiveness, and the presence of a large unvaccinated 
population, especially among the immunocompromised 
population in the US [56–58], molnupiravir should reside 
in the armamentarium of COVID-19 containment strategy 
in the country.

Besides the direct impact on population health, the 
COVID-19 pandemic has also imposed an immense soci-
etal burden. The current analysis (in scenario 6, specifically) 
only incorporated productivity loss due to COVID-19 hospi-
talization (molnupiravir $86 vs. best supportive care $107), 
which is very likely a conservative approach.

Research has documented the prolonged impact of ‘long 
COVID’ on both economic and quality-of-life outcomes 
for individuals [59]. Some patients with COVID-19 may 
experience strokes or become diabetic, and individuals 
experiencing an episode of critical COVID-19 requiring 
ICU treatment may suffer permanent damage to the heart, 
lungs, or brain [60]. In addition, patients with COVID-19 
experience a higher risk of mental health problems—it has 
been reported that almost half of patients with COVID-19 
experienced depression [61]. Furthermore, patients with 
infected family members were more likely to be impacted 
by depression, potentially due to feeling guilty about trans-
mitting SARS-CoV-2 to their family members and the com-
munity [61, 62].

Outbreaks of COVID-19 have overwhelmed health care 
resources and ICU capacity in several regions. Thus, health 
care systems have faced difficult choices in terms of prior-
itization, and the ability to continue providing high-quality 
care for other conditions has been more limited [63]. Inter-
estingly, it has been suggested that outpatient COVID-19 
therapies that reduce hospitalization risk could play an 
important role in reducing this strain on ICU capacity and 
reducing overall health system burden [64, 65]. In addition 
to its effect on private individuals, COVID-19 is also asso-
ciated with an impact on health care practitioners; those 
exposed to patients with COVID-19 have been estimated 
to have a duration of absenteeism of between 7.5 and 25.8 
days [66], to which anxiety and depression may be influ-
encing factors [67]. Absenteeism among health care practi-
tioners will further impact the quality of care experienced 
by patients with COVID-19 or other conditions [10–13]. 
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Restrictions such as lockdowns and social distancing have 
also been imposed on the public in order to reduce transmis-
sion rates and therefore the number of patients requiring 
hospitalization; however, these restrictions are associated 
with huge economic and health consequences for society 
[68, 69]. These elements were not intentionally included in 
the current study as it was difficult to either quantify them 
or quantify them systematically. Being an outpatient treat-
ment, molnupiravir could be of significant assistance in such 
consequences. The extra value of molnupiravir, as part of a 
COVID-19 containment strategy, is therefore expected to be 
greater than what this study shows.

This study has several limitations. Given the dynamic 
nature of the ongoing SARS-CoV-2 pandemic, the data 
sources used to define the model parameters may be super-
seded by the time of publication. This may be especially 
true for estimates of vaccine effectiveness and associated 
hospitalization rates in at-risk COVID-19 patients, as these 
have been observed to vary according to vaccine type, time 
since vaccination, and viral variant. Other pharmacological 
therapies for outpatient COVID-19 could not reasonably be 
included for comparison due to differences in trial designs 
and populations. Appropriate health state utility data for 
COVID-19 patients, especially for patients hospitalized due 
to COVID-19, for this analysis were unavailable within the 
existing literature and required de novo research to elicit. 
The de novo was carried out using survey responses from 
the UK general population acting as proxies for COVID-
19 patients, and these utility values were cross-walked to 
derive US utility values using US value sets. Based on the 
results of the de novo, the utility value of the general ward 
was observed less than the ICU, which cannot be easily 
explained. This could be due to the perception of the health 
state vignettes developed. The description of the health state 
vignettes of the general ward and the ICU shared similarity 
except how the supplemental oxygen was delivered. It was 
mentioned that the supplemental oxygen in the general ward 
setting was delivered to the lungs through a tube through 
the nose, whereas in the ICU, supplemental oxygen was 
delivered through a face mask. Therefore, it seems oxygen 
delivery through the nose into the lungs was perceived to be 
invasive, which possibly explained the lower utility values 
for the general ward than the ICU. The utility value of the 
mechanical ventilation health state was equivalent to the 
death state. We utilized these utility values in the base-case 
analysis as the appropriateness of the influenza or pneumo-
nia cannot be simply applied to COVID-19, despite sharing 
similar symptoms. We considered this approach for deriv-
ing utility values because COVID-19 had never been expe-
rienced before. We should account for the perspective of 
the patients who have experienced COVID-19 when there 
was no treatment available. However, the de novo surveyed 
the UK general population and captured these responses, 

including the fear of COVID-19 in individuals who are not 
infected and a relief of being recovered without experiencing 
long-term sequelae. Although, to check the robustness of the 
model, in the scenario analysis where alternate sources for 
utility values (25% standard error of the mean) were used, 
replacing de novo utility values, the results of the analysis 
did not deviate qualitatively. Re-infections and transmissions 
were not captured in this analysis due to limited information. 
Lastly, as mentioned above, this model may not have cap-
tured all economic and health benefits associated with the 
outpatient treatment of COVID-19 and may therefore have 
underestimated of the true value of molnupiravir.

5  Conclusion

This economic evaluation suggested that treatment with 
molnupiravir is cost effective when compared with best 
supportive care in the management of adult patients with 
mild-to-moderate COVID-19 at risk of progression to severe 
disease in the US.
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