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Background. New coronavirus disease 2019 (COVID-19) medications force decision-makers to weigh limited evidence of 
efficacy and cost in determining which patient populations to target for treatment. A case in point is nirmatrelvir/ritonavir, a 
drug that has been recommended for elderly, high-risk individuals, regardless of vaccination status, even though clinical trials 
have only evaluated it in unvaccinated patients. A simple optimization framework might inform a more reasoned approach to 
the trade-offs implicit in the treatment allocation decision.

Methods. We conducted a cost-effectiveness analysis using a decision-analytic model comparing 5 nirmatrelvir/ritonavir 
prescription policy strategies, stratified by vaccination status and risk for severe disease. We considered treatment effectiveness 
at preventing hospitalization ranging from 21% to 89%. Sensitivity analyses were performed on major parameters of interest. A 
web-based tool was developed to permit decision-makers to tailor the analysis to their settings and priorities.

Results. Providing nirmatrelvir/ritonavir to unvaccinated patients at high risk for severe disease was cost-saving when 
effectiveness against hospitalization exceeded 33% and cost-effective under all other data scenarios we considered. The cost- 
effectiveness of other allocation strategies, including those for vaccinated adults and those at lower risk for severe disease, 
depended on willingness-to-pay thresholds, treatment cost and effectiveness, and the likelihood of severe disease.

Conclusions. Priority for nirmatrelvir/ritonavir treatment should be given to unvaccinated persons at high risk of severe disease 
from COVID-19. Further priority may be assigned by weighing treatment effectiveness, disease severity, drug cost, and willingness 
to pay for deaths averted.
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More than 2 years into the coronavirus disease 2019 (COVID-19) 
pandemic, the United States is still experiencing hundreds of 
COVID-19 deaths a day [1]. In January 2022, COVID-19 was 
among the top 4 leading causes of death in the United States for 
every age group and was the top cause of death for those over 
age 45 [2]. Fortunately, vaccines and other medical treatments 
have reduced the severity of COVID-19 infection in both hospital-
ized and nonhospitalized patients. Through March 21, 2022, vac-
cines alone have averted an estimated 2.3 million deaths in the 
United States, saving the country nearly $900 billion [3].

Alongside vaccination, several effective treatments for 
COVID-19 have been developed. One of the more promising 

is a 5-day oral antiviral treatment regimen of nirmatrelvir/ 
ritonavir, which, in clinical trials, showed an 89% reduction in 
hospitalizations and no deaths in unvaccinated COVID-19- 
positive patients over 60 years of age or with at least 1 comorbid-
ity associated with severe COVID-19 disease [4]. Such a reduc-
tion in disease severity could ease strain on scarce hospital and 
critical care resources. Other treatments have shown more mod-
est effects in this setting, and more treatments continue to be de-
veloped [5].

Given both the speed with which new therapeutic agents are 
being developed and the continuing urgency of the COVID-19 
pandemic, decision-makers will inevitably and repeatedly be 
asked to make approval and coverage decisions, long before 
the clinical and economic impacts of these treatment options 
are fully understood. On the basis of its current price and ob-
served efficacy, the Food and Drug Administration has given 
Emergency Use Authorization to nirmatrelvir/ritonavir for 
the treatment of elderly and other high-risk adults, regardless 
of vaccination status [6]. Some observers have questioned the 
breadth of this decision, noting that other studies have suggest-
ed much lower treatment effectiveness (22%–67%) among 
high-risk unvaccinated individuals [7–10] and potentially no 
effect at all in low-risk and vaccinated individuals [10–12]. 
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In addition, nirmatrelvir/ritonavir poses a risk of serious drug 
interaction and toxicity [13] and up to a 27% chance of rebound 
infections and symptoms [14]. Still others have wondered 
whether the substantial reduction in risks of hospitalization 
and death in patients receiving nirmatrelvir/ritonavir might 
justify expanding the indications for treatment far beyond 
the highest-risk patient population, as interim results from a 
clinical trial showed a 70% reduction in hospitalizations 
in those with no comorbidities and/or vaccination for 
COVID-19 [15, 16].

We sought to provide practical guidance to clinicians, 
policy-makers, and payers regarding the clinical, epidemiolog-
ical, and economic circumstances under which a new medica-
tion of uncertain efficacy might serve as a cost-effective and 
appropriate use of COVID-19 treatment resources across a 
range of different target populations. The significance of our 
analysis lies less in the specific application to nirmatrelvir/ 
ritonavir and more in the creation of a generalizable model 
that can be used to evaluate future COVID-19 treatment 
options, many of which are likely to demonstrate clinical 
efficacy against severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) hospitalizations and deaths. In particular, we 
have developed an online tool that we hope can be used by 
decision-makers in the future to evaluate treatments with dif-
ferent effectiveness and scope of coverage, as well as different 
probability and cost of hospitalization and probability of death 
from COVID-19.

METHODS

Model Structure

We used a decision tree model to analyze the effectiveness and 
cost-effectiveness of different allocation strategies of nirmatrel-
vir/ritonavir in the United States (Figure 1). The target popula-
tion of the model includes those who are newly COVID-19 
positive within the time frame eligible for nirmatrelvir/ritona-
vir prescription (within 5 days of a positive test or onset of 
symptoms) [4]. Individuals are assigned a probability of being 
at high risk vs low risk for severe COVID-19, a probability of 
being vaccinated for COVID-19, a probability of hospitaliza-
tion dependent on risk and vaccination status, and a probability 
of death if hospitalized.

Outcomes of interest in the model were hospitalization due 
to COVID-19 and death following hospitalization due to 
COVID-19.

Strategies

In addition to the baseline policy of treating nobody with nir-
matrelvir/ritonavir, we considered 4 increasingly expansive el-
igibility policies for persons with confirmed SARS-CoV-2 
infection: 

1. unvaccinated patients at high risk for severe COVID-19;
2. all patients at high risk for severe COVID-19, regardless of 

vaccination status;
3. all unvaccinated patients and vaccinated patients at high risk 

for severe COVID-19; and
4. all patients.

All strategies consider hospitalizations and deaths in all pa-
tients, though treatment is only provided to those who meet 
the inclusion criteria for a given strategy.

Our goal is to use a mathematical model to compare different 
indications for a single drug, rather than to compare different 
COVID-19 treatments with each other. For this reason, the 
analysis looks at nirmatrelvir/ritonavir alone as a case study 
only, not in comparison to other treatments that might be 
used instead.

Model Parameter Values

“High risk” for severe COVID-19 disease was determined by 
age (over 65) and presence of at least 1 comorbidity as de-
scribed in the inclusion criteria for the nirmatrelvir/ritonavir 
clinical trial [4, 6]. All included comorbidities are listed in 
Supplementary Table 1. Risk for hospitalization varied by age 
(over or under 65) and presence of at least 1 comorbidity 
[17]. Vaccination rates came from US data on vaccination rates 
nationwide and varied by age (over or under 65) [18]. Only a 
primary series (without boosters) was considered when consid-
ering vaccination rates and effectiveness as the primary series 
has been shown to be effective against both hospitalizations 
and deaths, even if it does not provide the fuller protection of 
booster doses [19]. We did not consider booster doses in the 
main analysis as new booster recommendations are regularly 
announced and accounting for coverage across populations is 
difficult.

Nirmatrelvir/ritonavir treatment effect modifiers on hospi-
talization varied by risk level and vaccination status. Those at 
high risk for severe disease and unvaccinated individuals (as 
in the initial clinical trial protocol) were assumed to experience 
a higher effectiveness of treatment against hospitalization: 
varying from 89% in the nirmatrelvir/ritonavir clinical trial 
[4] to 21%–67% from more recent literature [7–10]. Those 
who were either not considered to be at high risk of severe dis-
ease or who were at high risk but vaccinated were assumed to 
experience a lower treatment effectiveness, as shown in subse-
quent clinical trial data [16]. Data showed 70% effectiveness 
against hospitalization in this group, so our estimates for 
treatment effectiveness varied from 70% in a clinical trial to 
17%–54% estimates based on more recent literature, assuming 
that treatment in this group was 80% less effective than in those 
who are high risk and unvaccinated (from comparing 89% 
with 70%).
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The only costs considered in this model were the cost of a 
course of nirmatrelvir/ritonavir in the United States [20] and 
the cost of a COVID-19 hospitalization in the United States, 
which was estimated using published literature for 
COVID-19 hospitalization costs to the health care system (in-
cluding regular inpatient and intensive care unit [ICU] stays) 
[21, 22]. Costs were assumed to be the same regardless of risk 
or vaccination status. We did not consider other costs as they 
were not expected to differ between scenarios, and therefore 
were not expected to alter our results or conclusions.

All model parameter values and ranges used in the sensitivity 
analysis can be found in Table 1.

Economic Performance Measures

We modeled cost-effectiveness from a limited health care sec-
tor perspective, considering the cost of a hospitalization for 
COVID-19 in the United States as well as the cost of nirmatrel-
vir/ritonavir itself. All outcomes are reported undiscounted for 
time. As the time horizon for this analysis is a matter of days— 
hospitalizations or death within 30 days of the detection of in-
fection to the end of symptoms—the discounting would have 
no material impact on our results. Effectiveness measures con-
sidered were decreases in risk of hospitalization and death. 
Incremental cost-effectiveness ratios (ICERs) were measured 
in dollars per hospitalization averted and per death averted 
[32].

The net monetary benefit (NMB) [33] of each strategy was 
also considered under a variety of willingness-to-pay 

thresholds, ranging from $10 000 per death averted to $5 mil-
lion per death averted. Net monetary benefit was calculated 
by multiplying the incremental benefit of each strategy as com-
pared with no nirmatrelvir/ritonavir by the willingness to pay 
per death averted, and then subtracting out the cost of the 
strategy.

We considered value of a statistical life (VSL) estimates as a 
way to think about willingness-to-pay (WTP) thresholds per 
death averted. When considering WTP per death averted in 
this analysis, we used the lower bound of the suggested VSL es-
timate for the United States in 2022, which is ∼$5 million [34], 
as well as $1 million, to estimate the effect of a lower-than-VSL 
willingness to pay.

This analysis adheres to the Consolidated Health Economic 
Evaluation Reporting Standards (CHEERS) reporting guide-
line, where applicable.

Sensitivity Analyses

We conducted several 1-way sensitivity analyses, varying key 
parameters to their highest or lowest range, as reported in 
Table 1. Parameters analyzed included average cost of US 
COVID-19 hospitalization, nirmatrelvir/ritonavir effectiveness 
in vaccinated individuals and low-risk individuals, decreased 
vaccine effectiveness in those over 65 [35], increased hospital-
ization costs for those at high risk of severe COVID-19 disease, 
risk of hospitalization from COVID-19, increased effectiveness 
of vaccination (modeling booster effect), and cost of treatment. 
Lastly, we considered an analysis in which some percentage of 

Figure 1. Model structure.
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high-risk people were unable to initiate treatment due to poten-
tial for drug–drug toxicity.

In addition, we conducted a 2-way sensitivity analysis, 
identifying the preferred allocation as a function of both nirma-
trelvir/ritonavir treatment effectiveness (0%–100% effectiveness 
at preventing hospitalization) and cost of nirmatrelvir/ritonavir 
treatment course ($0–$2000, allowing for the need for a potential 
second course as well as variation in treatment price). The 2-way 
sensitivity analysis was evaluated using the net monetary benefit 
framework and comparing each strategy with no treatment for 
anyone. Thresholds for preferred allocation strategy by treatment 
effectiveness were considered using 2-way sensitivity results.

Online Tool

We developed a publicly available tool that translates our cost- 
effectiveness analysis model into a web app that can be used ei-
ther to recreate any analysis presented in this paper or to chan-
ge key parameters in order to allow decision-makers to analyze 
allocation scenarios given different effectiveness measures, as 
well as various treatment strategies in different populations, 
in a range of alternative clinical and economic circumstances. 
The online tool allows for analyses beyond those performed 
in the baseline analysis presented in this paper; for instance, 
the tool allows for modeling the cost and cost-effectiveness out-
comes when considering discontinuation due to drug toxicity 
and the potential associated costs, which were not included 
in the main analysis as low rates of discontinuation due to tox-
icity (∼2%) have been seen with nirmatrelvir/ritonavir to date 
[36]. The tool allows for determination of the best allocation 
strategy when assessed using the net monetary benefit ap-
proach under varying willingness-to-pay thresholds, as as-
signed by the user. This flexibility can allow users and 
decision-makers to use our model beyond the defined case 
study for nirmatrelvir/ritonavir described in this paper and to 
apply the allocation and cost-effectiveness model to new or oth-
er existing COVID-19 treatments.

RESULTS

All results are reported on a per-eligible-person basis. In the 
status quo scenario with no treatment (strategy 0), the average 
population risk of hospitalization was 0.00111, risk of death was 
0.00077, and cost was $221 (Supplementary Tables 2 and 3).

Offering nirmatrelvir/ritonavir to high-risk unvaccinated 
COVID+ patients (strategy 1) was cost-saving when nirmatrel-
vir/ritonavir effectiveness against hospitalization was assumed 
to exceed 44% in high-risk unvaccinated and 35% in low-risk 
and/or vaccinated (denoted as: 44%/35%). At 21%/17% effec-
tiveness against hospitalization, the cost per hospitalization 
averted was $22 300 and the cost per death averted was $319 
100 (Tables 2 and 3).

Offering nirmatrelvir/ritonavir to high-risk COVID+ pa-
tients regardless of vaccination (strategy 2) led to costs per hos-
pitalization averted ranging from $27 800 to $184 300 and costs 
per death averted ranging from $397 200 to $2.6 million based 
on effectiveness assumptions ranging from those seen in clini-
cal trials to the lowest literature estimates for effectiveness. 
With a WTP per death averted of $5 million, this strategy 
was preferred when treatment effectiveness against hospitaliza-
tion was ≥20% and <30% in those at high risk for severe disease 
and ≥16% and <24% in those at low risk for severe disease. 
With a WTP per death averted of $1 million, this strategy 
was preferred when treatment effectiveness against hospitaliza-
tion was >50% in those individuals at high risk and >40% in 
those at low risk (Figure 2).

Table 1. Model Parameter Values and Ranges

Parameter Value Range Source

Demographics

Proportion high risk for severe COVID-19 
disease, US

0.37 0.37–0.754 [23–26]

Proportion of those high risk for severe 
COVID-19 disease who are over 65

0.55 [24]

Proportion of those over 65 who also 
have at least 1 comorbidity leading to 
increased risk for severe COVID-19 
disease

0.76 [25]

COVID

Probability of COVID hospitalization for 
those with at least 1 comorbidity, over 
65

0.110 0.04–0.47 [6, 17, 
27]

Probability of COVID hospitalization for 
those with at least 1 comorbidity, 
under 65

0.016 0.008–0.14 [17]

Probability of COVID hospitalization for 
those with no comorbidities, over 65

0.042 0.04–0.15 [17]

Probability of COVID hospitalization for 
those with no comorbidities, under 65

0.008 0.005–0.03 [17, 28, 
29]

Probability in-hospital death from COVID 0.07 [30]

Vaccination

US vaccinated percentage, over 65 0.9 [18]

US vaccinated percentage, under 65 0.7 [18]

Vaccination hospitalization multipliera 0.25 [19]

Nirmatrelvir/ritonavir

Nirmatrelvir/ritonavir effectiveness 
against hospitalization, for patients 
who are unvaccinated and high risk for 
severe COVID-19 diseasesa

Varies 
(0.21–0.89)

[4, 7, 9, 
10]

Nirmatrelvir/ritonavir effectiveness 
against hospitalization, for patients 
who are vaccinated and/or not high risk 
for severe COVID-19 diseasesa

Varies 
(0.17–0.7)

[16]

Costs

Cost of nirmatrelvir/ritonavir in US $530 $530– 
$1060

[20]

Cost of COVID hospitalization in US $20 000 $11 267– 
$98 000

[21, 22, 
31]

Abbreviation: COVID-19, coronavirus disease 2019.  
aHospitalization multipliers are the reciprocal of the effectiveness of the treatment against 
COVID-19 hospitalization. Vaccination has been shown to be 75% effective against 
hospitalization, and nirmatrelvir/ritonavir has been shown to be 21%–89% effective 
against hospitalization in those who are at high risk of severe disease due to COVID-19 
and 70% effective in those who are not at high risk of severe disease or are vaccinated 
against COVID-19. The multipliers are applied to the baseline risk of hospitalization from 
COVID-19 in the high- and low-risk populations.
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Using the same range of effectiveness assumptions (89%/ 
70% from clinical trials, 21%/17% for lowest study effective-
ness), we found that offering nirmatrelvir/ritonavir to all high- 
risk patients and to unvaccinated low-risk patients (strategy 3) 
would have costs per hospitalization averted ranging from 
$72 500 to $373 800 and costs per deaths averted of $1.0 million 
to $5.3 million. With a WTP per death averted of $5 million, 
this strategy was preferred when treatment effectiveness against 
hospitalization was ≥30% and <80% in those individuals at 
high risk for severe disease and ≥24% and <64% in those at 
low risk for severe disease (Figure 2). With a WTP per death 
averted of $1 million, this strategy was never preferred.

Treating all patients (strategy 4) yielded costs per hospitali-
zation averted ranging from $349 400 to $1.5 million and costs 
per deaths averted of $5.0 million to $22.1 million. With a WTP 
per death averted of $5 million, this strategy was never pre-
ferred (Figure 2).

Sensitivity analysis results can be found in the 
Supplementary Data, with results found in Supplementary 
Tables 4–8. Additionally, using the online tool, users may rec-
reate all analyses reported in this manuscript. They may also 
conduct additional analyses by varying estimates of willingness 

to pay, COVID-19 disease parameters, and vaccination and 
treatment parameters (Figure 3).

DISCUSSION

Several conclusions emerge from both of the examples present-
ed in the sections above and the alternative data scenarios that 
can be examined using the publicly available companion tool. 
First, unvaccinated persons at high risk of severe COVID-19 
should always have priority access to treatment, a strategy 
that was cost-saving across virtually every scenario we exam-
ined and remained cost-saving as long as treatment effective-
ness remained above 44% for those at high risk of severe 
disease. Second, one size does not fit all in the subsequent as-
signments of priority: No single optimal allocation plan emerg-
es in all scenarios. Though thresholds for preferred strategies 
can be evaluated (using Figure 2, as well as the online tool we 
developed alongside this analysis), they are very dependent 
on the assumptions being made, especially the willingness to 
pay per unit of benefit. Thus, the curves presented in the 
Results section are dependent on the interplay of drug effective-
ness, the comparative costs of both medications and 

Table 2. Incremental Cost-effectiveness Ratios for Hospitalizations Prevented by Nirmatrelvir/Ritonavir, by Differing Allocation Scenarios, and Presented 
for Different Effectiveness at Preventing Hospitalization Estimates for Nirmatrelvir/Ritonavir From the Literature

Incremental Cost-effectiveness Ratios per Hospitalization Averted, According to Given Nirmatrelvir/Ritonavir Effectiveness at Preventing 
Hospitalization Measure

89%a effective in high-risk 
unvaccinated population, 70% 

effective in low-risk and/or 
vaccinated population, 

Hammond et al. [4], EPIC-SR trial 
[27]

67%a effective in high-risk 
unvaccinated population, 54% 

effective in low-risk and/or 
vaccinated population, Arbel 

et al. [10], Wong et al. [8]

45%a effective in high-risk 
unvaccinated population, 36% 

effective in low-risk and/or 
vaccinated population, 

Dryden-Peterson et al. [9]

21%a effective in high-risk 
unvaccinated population, 
17% effective in low-risk 

and/or vaccinated 
population, Yip et al. [7]

Strategy 0: no 
nirmatrelvir/ 
ritonavir

Strategy 1: 
nirmatrelvir/ 
ritonavir for 
unvaccinated high 
risk

Cost savings Cost savings Cost savings $22 300

Strategy 2: 
nirmatrelvir/ 
ritonavir for all high 
risk (regardless of 
vaccination)

$27 800 $43 700 $75 100 $184 300

Strategy 3: 
nirmatrelvir/ 
ritonavir for all high 
risk and 
unvaccinated low 
risk

$72 500 $103 100 $163 500 $373 800

Strategy 4: 
nirmatrelvir/ 
ritonavir for all

$349 400 $470 900 $711 200 $1 547 400

aEffectiveness for those at high risk for severe disease and unvaccinated (those who are treated in strategy 1) comes from cited studies. Effectiveness for those who are either vaccinated or 
not at high risk for severe disease assumes 80% of the effectiveness of treatment against hospitalization in the high-risk unvaccinated group. This is based on the EPIC-HR and EPIC-SR clinical 
trials, which showed that nirmatrelvir/ritonavir was 89% effective in high-risk unvaccinated (EPIC-HR) and 70% effective in those who were either low risk or vaccinated (EPIC-SR), with the 
latter group showing 80% less effectiveness.
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hospitalization, the variant-specific risk of severe disease, and 
the societal willingness to pay to avert hospitalizations and 
deaths. Decision-makers can and should tailor their allocation 
strategies to their particular settings. The web-based compan-
ion app is available to support such an exercise, allowing users 
to vary model parameters in order to determine preferred 

treatment allocation strategies. User-defined inputs include pa-
rameters surrounding treatment effectiveness, disease severity, 
vaccination effectiveness and coverage, and willingness to pay 
to avert deaths and hospitalizations. This tool can be used to 
evaluate new data with regard to nirmatrelvir/ritonavir or other 
COVID-19 treatments as they come to market.

Table 3. Incremental Cost-effectiveness Ratios for Deaths Prevented by Nirmatrelvir/Ritonavir, by Differing Allocation Scenarios, and Presented for 
Different Effectiveness at Preventing Hospitalization Estimates for Nirmatrelvir/Ritonavir From the Literature

Incremental Cost-effectiveness Ratios per Death Averted, According to Given Nirmatrelvir/Ritonavir Effectiveness at Preventing 
Hospitalization Measure

89%a effective in high-risk 
unvaccinated population, 70% 

effective in low-risk and/or 
vaccinated populations, 

Hammond et al. [4]

67%a effective in high-risk 
unvaccinated population, 54% 

effective in low-risk and/or 
vaccinated populations, Arbel 

et al. [10], Wong et al. [8]

45%a effective in high-risk 
unvaccinated population, 36% 

effective in low-risk and/or 
vaccinated populations, 

Dryden-Peterson et al. [9]

21%a effective in high-risk 
unvaccinated population, 

17% effective in low-risk and/ 
or vaccinated population, Yip 

et al. [7]

Strategy 0: no 
nirmatrelvir/ritonavir

Strategy 1: 
nirmatrelvir/ritonavir 
for unvaccinated 
high risk

Cost savings Cost savings Cost savings $319 100

Strategy 2: 
nirmatrelvir/ritonavir 
for all high risk 
(regardless of 
vaccination)

$397 200 $624 000 $1 072 400 $2 633 200

Strategy 3: 
nirmatrelvir/ritonavir 
for all high risk and 
unvaccinated low 
risk

$1 036 000 $1 472 400 $2 335 700 $5 340 200

Strategy 4: 
nirmatrelvir/ritonavir 
for all

$4 991 800 $6 727 200 $10 159 500 $22 105 500

aEffectiveness for those at high risk for severe disease and unvaccinated (those who are treated in strategy 1) comes from cited studies. Effectiveness for those who are either vaccinated or 
not at high risk for severe disease assumes 80% of the effectiveness of treatment against hospitalization in the high-risk unvaccinated group. This is based on the EPIC-HR and EPIC-SR clinical 
trials, which showed that nirmatrelvir/ritonavir was 89% effective in high-risk unvaccinated (EPIC-HR) and 70% effective in those who were either low risk or vaccinated (EPIC-SR), with the 
latter group showing 80% less effectiveness.

Figure 2. Two-way sensitivity analysis presenting the most cost-effective treatment allocation strategy for deaths averted, willingness-to-pay threshold, treatment ef-
fectiveness estimate, and cost of drug estimate. Cost of drug is on the horizontal axis, and treatment effectiveness is on the vertical axis.
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It is difficult to determine the societal willingness to pay to 
avert hospitalization and death. One frequently used measure 
is the Value of a Statistical Life (VSL). In the United States, 
VSL estimates center around $10 million dollars per life (with 
low and high values between $5 million and $16 million) 
[34]. As decision-makers may not feel comfortable with such 
a high willingness-to-pay threshold, we have offered a range 

of values here and a webtool that supports further exploration 
of alternative scenarios.

Our analysis aims to establish a priori standards for priority 
setting in anticipation of future developments in COVID-19 
treatment. We use nirmatrelvir/ritonavir as an illustrative ex-
ample, but, in the spirit of exploration, we allowed its effective-
ness to range widely, from the clinical trial estimate of 89% to a 

Figure 3. Online tool showing visualization of best treatment allocation strategy given user-assigned willingness-to-pay thresholds for hospitalizations and deaths. Users 
can determine values of model parameters for COVID-19 disease severity as well as vaccination and treatment parameters. Abbreviation: COVID-19, coronavirus disease 
2019.
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low of 21%. This reflects evidence that individual risk level, vac-
cination status, and time of treatment initiation will likely influ-
ence treatment effectiveness [8]. It also acknowledges 
real-world studies suggesting reduced effectiveness with the 
newer Omicron variant [4, 7–10] and potentially reduced effec-
tiveness in low-risk individuals [10, 16]. In addition, there is ev-
idence of people retesting positive after their course of 
nirmatrelvir/ritonavir was completed, accompanied by a resur-
gence of symptoms, something that had not been seen in trials 
[14, 36, 37]. For all these reasons, our cost-effectiveness esti-
mates should be interpreted as a best-case scenario for nirma-
trelvir/ritonavir.

Many COVID-19 treatments, including nirmatrelvir/ritona-
vir, require polymerase chain reaction (PCR) testing, a physi-
cian visit, and a prescription. These barriers to access will 
delay or impede treatment, particularly among poor and so-
cially disadvantaged patients of color who are more likely to 
be at higher risk for severe disease and less likely to have access 
to testing and medical care [38]. This may mean that wider pre-
scribing of COVID-19 treatments might actually exacerbate the 
inequities of COVID-19 care and subsequent outcomes unless 
equity concerns are addressed, for instance, through 
test-to-treat programs, though many small towns and rural ar-
eas, high-poverty zip codes, and zip codes with a high propor-
tion of Native American residents still remain underserved in 
the United States [39]. In addition, barriers to treatment access 
for those most in need of treatment likely overstate the cost- 
effectiveness of nirmatrelvir/ritonavir. Further subgroup anal-
yses or qualitative health equity impact assessments might ex-
amine how heterogeneity in the population at the individual, 
community, and societal levels further alleviates or exacerbates 
health disparities.

COVID-19 remains a global pandemic, and treatments are 
needed worldwide. In the United States, where a COVID-19 
hospitalization can cost $11 000 to >$98 000, depending on 
its complexity [21, 22, 31], it is comparatively easy to establish 
the cost-effectiveness of a $500 course of treatment with nirma-
trelvir/ritonavir. In low-income countries, hospitalization costs 
of $35 for a severe case and $310 for a critical case [40] make it 
much more difficult to justify the $500 cost of nirmatrelvir/ri-
tonavir. Drug pricing for nirmatrelvir/ritonavir must be both 
context-specific and structured not to impede access to treat-
ment. In a welcome development, Pfizer has pledged to offer 
nirmatrelvir/ritonavir (along with 22 additional medications) 
at nonprofit prices for low-income countries [41]. Through 
work with the Clinton Health Access Initiative, a generic for-
mulation of nirmatrelvir/ritonavir will be offered to low- 
income countries for $25 a course [42], though this leaves 
out middle-income countries with a high burden of 
COVID-19.

Our analysis has limitations. It does not consider drug 
supply or budgetary constraints, both of which might play a 

significant role in determining treatment allocation for deci-
sion-makers. We assume perfect adherence of those treated 
with the drug, which is unrealistic in usual clinical practice 
and could bias our results in favor of treatment. However, 
data on adherence to the drug are limited and unavailable for 
the different groups included in our study. However, without 
data to inform whether certain groups (vaccinated vs unvacci-
nated, high risk vs low risk) had different levels of adherence, 
we chose to keep this optimistic assumption with the under-
standing that it might bias our results toward groups with lower 
real-world adherence. In addition, we did not consider those 
who are contraindicated from taking nirmatrelvir/ritonavir 
due to other medications in this analysis. We did not consider 
nirmatrelvir/ritonavir in comparison to other treatment op-
tions that are also available for COVID-19 treatment. We did 
not consider the differences in costs between the various risk 
groups in our study, though the medical management of 
some inpatients may be different (eg, older people or those 
with comorbidities may be more likely to be hospitalized for 
longer or require intensive care) as well as treatment prescrib-
ing itself (assuming that those with comorbidities may need ad-
ditional time or effort from prescribers to make sure there is no 
risk of drug interaction). Similarly, we did not consider differ-
ences in out-of-pocket costs due to different insurance struc-
tures. Our decision-analytic model is not constructed to 
evaluate the transmission dynamics of SARS-CoV-2. A com-
partmental disease model would be required to assess the po-
tential that treatment might lower the risk of transmission, 
either by decreasing viral load or by decreasing length of in-
fectiousness, and is out of the scope of our current study. Our 
model also does not account for any costs other than hospi-
talization and nirmatrelvir/ritonavir treatment. Specifically, 
we do not consider the costs of either PCR testing to confirm 
a diagnosis of COVID (required for treatment in the United 
States) or a physician’s office visit to be evaluated and receive 
a prescription. We also do not consider additional potential 
societal and individual costs, such as productivity or work- 
day losses due to COVID-19 infection, including the cost 
of extended infection due to rebound infections. These 
may be associated with nirmatrelvir/ritonavir treatment or 
be part of the natural history of disease or a combination 
of these [43]. Without further clarity on the epidemiology 
of rebound infections, we decided to forgo including these 
costs in our analysis but see this as an important area of 
further research.

In conclusion, our quantitative model demonstrates that for 
almost every scenario evaluating appropriate treatment alloca-
tion, prescribing nirmatrelvir/ritonavir to unvaccinated pa-
tients at high risk of severe COVID-19 was cost-saving, 
meaning this group should almost always be treated if treat-
ment is available. In other strategies, the most cost-effective al-
location of nirmatrelvir/ritonavir can be determined via a 
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formal weighing of a variety of factors, including treatment ef-
fectiveness, both overall and within allocation groups, and the 
drug’s cost. The adaptive online tool we created as a companion 
to this analysis can help decision-makers choose the most ap-
propriate allocation strategy given changing information and 
disease, as well as treatment, dynamics.
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