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Background. Nirmatrelvir/ritonavir (NMV/r) is an oral antiviral treatment for mild to moderate coronavirus disease 2019 
(COVID-19).

Methods. This phase 2/3, double-blind, randomized (1:1) study assessed oral NMV/r 300 mg/100 mg versus placebo every 
12 hours for 5 days in high-risk, unvaccinated, nonhospitalized, symptomatic adults with COVID-19 from 343 sites across 21 
countries. In testing the primary endpoint of COVID-19‒related hospitalization and all-cause deaths and key secondary 
endpoints, including symptom duration and COVID-19‒related medical visits, type I error was controlled with prespecified 
sequential testing and the Hochberg procedure.

Results. Among 2113 randomized patients enrolled from July 2021 through December 2021, 1966 (NMV/r, n = 977; placebo, 
n = 989) were included in the prespecified analysis population (symptom onset ≤5 days, did not receive monoclonal antibodies). 
NMV/r significantly reduced times to sustained alleviation (median, 13 vs 15 days; hazard ratio = 1.27, P < .0001) and resolution (16 
vs 19 days; hazard ratio = 1.20, P = .0022) through day 28 and significantly reduced the number of COVID-19‒related medical visits 
and the proportion of patients with such visits. Hospitalized patients treated with NMV/r had shorter stays, none required intensive 
care unit admission or mechanical ventilation, and all were discharged to home/self-care. Fewer NMV/r-treated patients required 
additional treatment for COVID-19. No NMV/r-treated patients died through week 24 compared with 15 placebo-treated patients.

Conclusions. In addition to reducing COVID-19‒related hospitalization or death from any cause through day 28, NMV/r was found 
to also reduce duration of COVID-19 symptoms and utilization of healthcare resources versus placebo in patients at high risk of 
progressing to severe disease.
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More than 775 million cumulative cases and 7.0 million deaths 
from coronavirus disease 2019 (COVID-19) have been reported 
globally [1]. The US Centers for Disease Control and Prevention 
estimated ≥97% of adults have antibodies against severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) through 
vaccination, infection, or both [2]. Despite this, severe illness 
from infection remains a serious public health threat [3]. 
Nirmatrelvir/ritonavir (NMV/r) is the first and only US Food 
and Drug Administration–approved oral treatment for mild 
to moderate COVID-19 in adults at high risk of progression 
to severe disease, and reduces hospitalization and death from 
COVID-19 [4, 5].

Severe cases of COVID-19 are associated with hospitalization, 
intensive care unit (ICU) admission, invasive mechanical ventila
tion, and death [6, 7]. During the pandemic years, COVID-19‒re
lated healthcare resource strains, such as limitations in 
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emergency department, hospital, and ICU space, negatively af
fected healthcare and public health infrastructures [8, 9]. 
Patients with less severe disease may experience COVID-19 
symptoms that interfere with daily functioning and activities. 
In addition to the key goal of preventing progression to severe 
disease, accelerating symptom recovery is a potential therapeutic 
goal as described in the National Institutes of Health therapeutic 
management guidelines for nonhospitalized patients [10]; this is a 
particularly relevant efficacy outcome for patients given the de
clining rate of severe COVID-19.

Evaluation of Protease Inhibition for COVID-19 in 
High-Risk Patients (EPIC-HR) was a phase 2/3 study that as
sessed NMV/r in nonhospitalized adults with mild to moderate 
COVID-19 at increased risk of progression to severe disease 
[11]. Data from EPIC-HR showed NMV/r was safe and effec
tive, with an 89% and 88% relative risk reduction (RRR) against 
COVID-19‒related hospitalization or all-cause mortality 
through day 28 when treatment was initiated within 3 or 
5 days of symptom onset, respectively [11]. Final study results 
of the primary endpoint, which include data collected through 
week 24, and subgroup analyses are also reported. Here, we re
port additional efficacy endpoints from EPIC-HR, including 
key secondary and other supportive endpoints (eg, time to sus
tained alleviation and resolution of COVID-19 symptoms) 
from the prespecified sequential hypothesis testing.

METHODS

Study Design and Patients

Study design and enrollment criteria have previously been de
scribed in detail [11]. Briefly, this phase 2/3, double-blind, ran
domized, placebo-controlled trial recruited patients from July 
2021 through December 2021 from 343 investigational sites 
across 21 countries (see Supplementary Appendix). Patients 
aged ≥18 years were eligible to participate if they had con
firmed SARS-CoV-2 infection from a specimen collected with
in 5 days before randomization, onset of COVID-19‒associated 
symptoms (see Supplementary Appendix) within 5 days before 
randomization with ≥1 symptom present on the day of ran
domization, ≥1 characteristic or coexisting condition associat
ed with increased risk of developing severe COVID-19, and had 
not received a SARS-CoV-2 vaccine. Eligible patients were ran
domized 1:1 to receive NMV/r 300 mg/100 mg or placebo ev
ery 12 hours for 5 days. The Supplementary Appendix
provides additional inclusion and exclusion criteria and infor
mation on prohibited prior or concomitant therapies, trial 
blinding, and randomization and blinding.

Ethical Conduct

As previously reported [11], all patients or their legally authorized 
representative provided written informed consent. The study was 
conducted in accordance with consensus ethical principles 

derived from international guidelines including the Declaration 
of Helsinki, Council for International Organizations of Medical 
Sciences International Ethical Guidelines, International Council 
for Harmonisation Good Clinical Practice guidelines, and appli
cable laws and regulations. The protocol and related documents 
were approved by an institutional review board or ethics commit
tee before study commencement.

Efficacy Endpoints

Table 1 shows the key secondary efficacy endpoints, including 
times to sustained alleviation and resolution of all targeted symp
toms, proportion of patients with COVID-19‒related medical vis
its, and proportion of patients with a resting peripheral oxygen 
saturation ≥95% at day 5 relative to day 1. For symptom-related 
endpoints, patients logged the presence and severity (on 3- or 
4-point scales) of each of 11 prespecified targeted symptoms attrib
uted to COVID-19 (see Supplementary Appendix) daily from day 
1 (predose) through day 28 using an electronic handheld device.

Sustained alleviation was defined as occurring on the first of 
4 consecutive days when all targeted symptoms that were scored 
as moderate or severe at study entry were scored as mild or ab
sent and all targeted symptoms that were scored as mild or ab
sent at study entry were scored as absent. Sustained resolution 
was defined as occurring on the first of 4 consecutive days 
when all targeted symptoms were scored as absent. 
COVID-19‒related medical visits were collected through day 
34 and categorized as hospitalization, emergency department, 
urgent care, practitioner’s office, and other visits. Additional de
tails of hospitalization, including length of stay, ICU admission, 
use of mechanical ventilation, and residence on discharge, as 
well as use of postentry treatments for COVID-19 (including 
supplemental oxygen and COVID-19‒directed medications) 
and week 24 mortality, were collected.

Statistical Analysis

The procedures to control for type I error while testing for stat
istical significance were prespecified in the statistical analysis 
plan. Following the sequential testing procedure, all secondary 
endpoints were tested after statistical significance was achieved 
in the analyses of both the primary and first key secondary ef
ficacy endpoints. The Hochberg procedure was used to further 
control for multiplicity [12]. Unadjusted P values were provid
ed in all analyses and assessment of statistical significance was 
based on prespecified hierarchy of hypothesis testing.

Treatment effect (presented as hazard ratio [HR]) on times 
to sustained alleviation and resolution of all targeted symptoms 
through day 28 was assessed using a Cox proportional hazard 
model adjusting for geographic region, SARS-CoV-2 serology 
status (positive vs negative), baseline viral load (VL; <4 vs 
≥4 log10 copies/mL), and days since symptom onset to start 
of treatment (≤3 vs >3 days). The median time to sustained al
leviation or resolution was estimated using the Kaplan-Meier 
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method. Sustained alleviation or resolution required 4 consec
utive days of observed (not missing) symptom diary data and 
was not achieved if patients were hospitalized for COVID-19 
treatment or died from any cause through day 28. A sensitivity 
analysis was performed that did not consider all patients who 
had COVID-19‒related hospitalization or all-cause death as 
not achieving alleviation or resolution.

The number of COVID-19‒related medical visits was as
sessed using a negative binomial regression model with the log- 
number of days of data collection as the offset variable. As a 
supportive analysis, a Fisher exact test was used to compare 
the proportion of patients with such visits. The effect of baseline 
resting peripheral oxygen saturation level (≥95% vs <95%) on 
the oxygen saturation level at day 5 was calculated as an odds 
ratio, which was then compared between treatment groups 
with a Breslow-Day test for homogeneity in the odds ratios. 
The homogeneity or lack thereof was further examined by as
sessing treatment effect in subgroups of patients defined by 
baseline oxygen saturation level. Supportive descriptive statis
tics were provided for healthcare utilization parameters includ
ing ICU status, need for oxygen support, mechanical 
ventilation, and postentry use of COVID-19‒directed medica
tions. Because most participants were not hospitalized and spent 
no time in the hospital, the bootstrap method was used to com
pare the average number of days in the hospital between treat
ment groups.

RESULTS

Patients

Of 2246 patients randomized in EPIC-HR recruited from July 
2021 through December 2021 [11], 1966 patients (NMV/r, 

n = 977; placebo, n = 989) were treated within 5 days of symptom 
onset, did not receive or were not expected to receive monoclonal 
antibodies for COVID-19 at the baseline visit, and were included 
in the analysis population (Figure 1). Demographic and baseline 
clinical characteristics were similar in the 2 groups 
(Supplementary Table 2). COVID-19 symptoms present at base
line were generally balanced between the groups (Supplementary 
Figure 2), with cough, muscle or body aches, and headache being 
the most common. More patients treated with NMV/r reported 
at least 1 severe symptom at baseline versus placebo (22.0% vs 
19.0%).

COVID-19–related Hospitalization and All-cause Death and Safety

Final study results of the primary endpoint, COVID-19–related 
hospitalization and all-cause death, which include data collect
ed through week 24, and subgroup analyses are reported in 
Supplementary Figure 1, and safety is reported in 
Supplementary Table 1. Efficacy and safety results were gener
ally consistent with the originally reported data [11].

Alleviation and Resolution of COVID-19 Symptoms

Patients receiving NMV/r were 26.6% more likely to achieve 
sustained symptom alleviation (HR, 1.27; 95% confidence in
terval [CI]: 1.13–1.41; P < .0001) and 20.0% more likely to 
achieve sustained symptom resolution by day 28 (HR, 1.20; 
95% CI: 1.07–1.35; P = .0022). There was a significant 2-day re
duction (13 vs 15 days) in median time to sustained symptom 
alleviation versus placebo (P < .0001; Figure 2A) and a 3-day 
reduction (16 vs 19 days) in median time to sustained symptom 
resolution versus placebo (P = .0004; Figure 2B). The treatment 
benefit in times to sustained alleviation and resolution re
mained statistically significant with or without accounting for 

Table 1. Results by Hierarchy of Hypothesis Testing

Endpoint NMV/r Placebo Test Statistic P Value, Inference

Primary efficacy endpoint

Proportion of patients with COVID-19–related hospitalization or 
death from any cause through day 28 (mITT populationa), %

0.752 6.888 δ = −6.137% 
RRR = 89.1%

<.0001, 
S (primary)

Key secondary efficacy endpoints

Proportion of patients with COVID-19–related hospitalization or 
death from any cause through day 28 (mITT1 populationb), %

0.933 6.571 δ = −5.638% 
RRR = 85.8%

<.0001, 
S (1st sequential)

Time to sustained alleviation of all targeted signs/symptoms 
through day 28 (mITT1 population), d

Median = 13 Median = 15 HR = 1.266 <.0001, 
S (2nd sequential)

Other secondary efficacy endpoints

Time to sustained resolution of all targeted signs/symptoms 
through day 28 (mITT1 population), d

Median = 16 Median = 19 HR = 1.200 .0022, 
S (Hochberg)

Number of COVID-19-related medical visits (mITT1 population) Mean = 0.041 Mean = 0.129 δ (LS mean ratio) = 0.357 <.0001, 
S (Hochberg)

Proportion of patients with a resting peripheral oxygen saturation 
≥95% at days 1 and 5 (mITT1 population), %

Day 1 = 93.3 
Day 5 = 91.6

Day 1 = 92.2 
Day 5 = 87.6

OR (NMV/r) = 20.9 
OR (placebo) = 12.5

.2810, 
NS (Hochberg)

Abbreviations: δ, difference of proportions; LS, least squares; HR, hazard ratio; mITT, modified intent-to-treat; mITT1, modified intent-to-treat 1; NS, not significant; NMV/r, nirmatrelvir/ 
ritonavir; OR, odds ratio; RRR, relative risk reduction; S, significant.
aThe mITT population (NMV/r, n = 671; placebo, n = 647) includes all patients randomly assigned to a study intervention who received ≥1 dose of the study intervention, had ≥1 postbaseline visit 
through day 28, had not received nor were expected to receive COVID-19 therapeutic monoclonal antibody treatment at baseline, and were treated within 3 d after COVID-19 symptom onset.
bmITT1 population (NMV/r, n = 977; placebo, n = 989) includes all patients randomly assigned to a study intervention who received ≥1 dose of the study intervention, had ≥1 postbaseline visit 
through day 28, at baseline had not received nor were expected to receive COVID-19 therapeutic monoclonal antibody treatment, and were treated within 5 d after COVID-19 symptom onset.
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COVID-19‒related hospitalizations or all-cause deaths 
(Supplementary Figures 3A, B).

When assessing individual symptoms, NMV/r shortened the 
median times to sustained alleviation and resolution by 1 to 2 
days and 1 to 3 days, respectively, for each symptom, except 
for gastrointestinal-related symptoms. In both groups, vomit
ing, feeling hot or feverish, and chills or shivering were alleviat
ed faster than other targeted symptoms, whereas cough, 
shortness of breath or difficulty breathing, and muscle or 
body aches lasted longer. The largest treatment benefit (3-day 
reduction) was observed in median time to sustained resolution 
of shortness of breath or difficulty breathing and muscle or body 
aches. The presence and severity of individual targeted 
COVID-19 symptoms over time through day 28 is shown in 
Supplementary Table 3.

Treatment with NMV/r reduced the median time to sus
tained alleviation in all subgroups by baseline symptom se
verity, serostatus, VL time since symptom onset, age, and sex. 
The reduction was more apparent among patients with moder
ate or severe symptoms at baseline (13 vs 17 days; P = .0001), 

seronegative patients (13 vs 17 days; P = .0001), patients with 
baseline VL ≥7 log10 copies/mL (14 vs 19 days; P < .0001), 
and patients aged >60 years (13 vs 18 days; P = .0011; 
Supplementary Figure 4A). The reduction in median time to 
sustained symptom resolution was more apparent in the 
same patient subgroups: patients with moderate or severe 
symptoms at baseline (20 vs 23 days; P = .010), seronegative pa
tients (19 vs 23 days; P = .0086), patients with baseline VL 
≥7 log10 copies/mL (19 vs 25 days; P = .027), and patients 
aged >60 years (18 vs 22 days; P = .022; Supplementary 
Figure 4B).

Healthcare Utilization

COVID-19‒related medical visits occurred at a significantly 
lower rate in the NMV/r group than in the placebo group 
(64.3% rate reduction; P < .0001). Through day 34, 2.3% of pa
tients in the NMV/r group (22/977) and 8.4% of patients in the 
placebo group (83/989) reported any COVID-19‒related 
medical visit, corresponding to a 73.2% RRR with treatment 
(P < .0001; Figure 3). These observations were consistent 

Figure 1. CONSORT diagram detailing enrollment and randomization. aData for patients were excluded from 2 sites (n = 133) from the full analysis set: 1 site because of 
identified GCP noncompliance and 1 site because of unusual patterns in viral RNA concentration and sequencing data (see Supplementary Appendix, Sensitivity Analyses; 
Supplementary Table 6). GCP, good clinical practice; NMV/r, nirmatrelvir/ritonavir.
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across all predefined types of medical visits, including hospital
ization and visits to the emergency department, practitioner’s 
office, urgent care, and other visits. The percentage of patients 
with any COVID-19‒related medical visit was lower in the 
NMV/r arm compared with placebo regardless of the severity 
of COVID-19 symptoms at baseline, with the absolute differ
ence in percentage of patients with events greatest in patients 
with severe symptoms (Supplementary Table 4).

Nine patients treated with NMV/r (0.9%) and 63 patients 
treated with placebo (6.4%) were hospitalized for treatment 
of COVID-19 through day 28 (RRR, 85.5%; P < .0001). 
Among those hospitalized, no patients (0/9, 0%) in the 
NMV/r group were admitted to the ICU or required mechan
ical ventilation, compared with 9 of 63 (14.3%) and 4 of 63 

(6.3%), respectively, in the placebo group (Figure 3). On aver
age, participants in the NMV/r group spent 8.7 days in the hos
pital per 100 patients compared with 76.6 in the placebo group. 
NMV/r reduced the average number of days in the hospital by 
88.6%, or 67.9 days per 100 patients, during the study 
(P < .0001). All patients in the NMV/r arm with a known dis
charge status were discharged to home self-care. Among pa
tients in the placebo group, 54.7% were discharged to home 
self-care; others died in the hospital, were discharged to 
home and required assistance of home healthcare/family/ 
friends, or were transferred to a nursing or rehabilitation facil
ity. Through week 24, there were no deaths among patients 
treated with NMV/r compared with 15 deaths among placebo 
recipients: 14 were related to COVID-19, 3 deaths were 

A

B

Figure 2. Times to sustained (A) alleviation and (B) resolution of all targeted COVID-19 symptoms through day 28 (mITT1 population). mITT1, modified intent-to-treat 1; 
NMV/r, nirmatrelvir/ritonavir.
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reported after day 28, and 1 (on day 96) was due to sepsis asso
ciated with relapsed acute myeloid leukemia.

The overall test of proportion of patients with a resting periph
eral oxygen saturation ≥95% at day 5 relative to day 1 was not sig
nificant (Table 1). However, NMV/r reduced the risk of patients 
having oxygen saturation <95% at day 5 by 12.1% (P = .61) and 
49.7% (P = .014) in patients with baseline oxygen saturation 
<95% and ≥95%, respectively (Supplementary Table 5). A larger 
treatment benefit was observed when patients who were hospital
ized for COVID-19 or died were assumed to have day 5 resting 
peripheral oxygen <95%; nirmatrelvir/ritonavir reduced the 
risk by 14.7% (P = .49) and 63.3% (P < .0001) in patients with 
baseline oxygen saturation <95% and ≥95%, respectively. 
Consistent with the oxygen saturation findings, fewer patients 
in the NMV/r group required supplemental oxygen support for 
COVID-19 versus placebo (10/977 [1.0%] vs 52/989 [5.2%]; 
RRR, 80.6%).

Post-entry COVID-19‒directed medications in either treat
ment group included monoclonal antibodies, hyperimmune 
plasma COVID-19, favipiravir, remdesivir, and systemic corti
costeroids. A lower proportion of patients in the NMV/r group 
received these medications than in the placebo group: systemic 
corticosteroids (4.6% vs 9.3%), favipiravir (2.8% vs 3.4%), 
monoclonal antibodies (0.3% vs 0.6%), remdesivir (0.3% vs 
1.6%), and hyperimmune plasma COVID-19 (0.1% vs 0.1%).

DISCUSSION

The EPIC-HR study showed that NMV/r 300 mg/100 mg met 
its primary endpoint, significantly reducing the risk of 
COVID-19‒related hospitalization or all-cause mortality 
through day 28 in adult patients at high risk of progressing to 

severe disease, achieving an 89% RRR when treatment was ini
tiated within 3 days of symptom onset [11]. Here, we reported 
additional benefits of NMV/r treatment in alleviating 
COVID-19 symptoms and reducing healthcare resource utili
zation. Statistical significance was achieved in all primary and 
secondary endpoints prespecified in the sequential testing 
and Hochberg procedure to control for type I error (Table 1), 
with the exception of resting peripheral oxygen saturation 
≥95% at days 1 and 5, where a numerically nonsignificant trend 
in reduced frequency of postbaseline resting peripheral oxygen 
<95% was seen with NMV/r.

Treatment with NMV/r reduced the duration of COVID-19 
symptoms compared with placebo through day 28, shortening 
the median times to sustained symptom alleviation and resolu
tion of all targeted symptoms by 2 and 3 days, respectively. The 
impact of COVID-19‒related hospitalization and deaths (pri
mary events) on the times to sustained alleviation and resolu
tion was assessed in this study. When establishing the 
treatment benefit in times to sustained symptom alleviation 
and resolution, patients with a primary event through day 28 
were considered not to have achieved alleviation or resolution. 
Further analyses showed that the NMV/r treatment effect on 
symptom relief remained statistically significant (P < .05) 
when times to sustained symptom alleviation and resolution 
were assessed independent of hospitalization or death 
(Supplementary Figures 2A, B).

During its peak, the COVID-19 pandemic strained the 
health systems in many countries [13, 14]. Treatment with 
NMV/r significantly reduced the number of required 
COVID-19‒related medical visits compared with placebo and 
resulted in other healthcare benefits including fewer hospitali
zations with shorter durations, no need for mechanical 

Figure 3. COVID-19–related medical visits and deaths due to any causea (mITT1 population). aCOVID-19–related hospitalizations were assessed through day 28, whereas 
other categories of COVID-19 medical visits were reported through day 34 visit. bOther includes use of home healthcare services, telephone consultation, outpatient infusion 
center, and other. ICU, intensive care unit; mITT1, modified intent-to-treat 1; NMV/r, nirmatrelvir/ritonavir; Δ, relative risk reduction.
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ventilation or ICU admissions, reduced need for oxygen sup
port, and reduced use of COVID-19‒directed medications. 
The importance of having effective COVID-19 treatments 
such as NMV/r to reduce burden on healthcare systems, both 
ambulatory and hospital based, should not be underestimated.

Patients in this study were recruited from July through 
December 2021 [11], when Delta was the predominant variant 
[15]. Although potential effects of new variants on the clinical ef
ficacy of NMV/r were not evaluated in this study, the activity of 
NMV/r against new variants has been demonstrated in vitro and 
in vivo [16, 17]. Additionally, real-world data support the efficacy 
of NMV/r across SARS-CoV-2 variant types, with several studies 
showing NVM/r relative effectiveness ranging between 44% and 
83% during the Omicron-predominant period [18–24].

A limitation of EPIC-HR is that enrollment was restricted to 
unvaccinated patients [11]. Although patients with previous 
confirmed infection were excluded, approximately 51% were 
seropositive at baseline [11]. Reductions in times to alleviation 
and resolution of COVID-19 symptoms were observed in the 
subgroup of seropositive patients, though not to the same ex
tent as that observed in seronegative patients. In the current en
vironment, where rates of preexisting immunity are high 
(either acquired naturally or through vaccination) [1, 25, 26] 
and the virus continues to evolve, caution may be needed 
when generalizing the results of this study to clinical practice 
that would likely include individuals with existing immunity, 
either through prior infection or vaccination. The phase 2/3 
Evaluation of Protease Inhibition for COVID-19 in 
Standard-Risk Patients trial (EPIC-SR; NCT05011513) en
rolled unvaccinated adults at standard risk as well as vaccinated 
adults at high risk of progression to severe disease [16, 27–29]. 
Though the primary endpoint of reducing time to sustained 
alleviation of COVID-19 symptoms was not met, a 1-day im
provement in median time to sustained alleviation was ob
served in patients treated with NMV/r and a clinically 
meaningful reduction in COVID-19‒related hospitalizations 
and all-cause deaths was observed, including among fully vac
cinated patients with risk factors for severe COVID-19 [29]. 
Further, data collected across multiple studies support the real- 
world effectiveness of NMV/r in the Omicron era and among 
vaccinated patients [18–24, 30]. Based on a population-based 
cohort study simulating a clinical trial, it was estimated that 
of 51.5 million COVID-19 cases in the United States between 
December 2021 and February 2023, approximately 48 000 
deaths and 135 000 hospitalizations could have been prevented 
at 50% uptake of NMV/r [31]. Thus, the efficacy of NMV/r in 
the post-Delta era remains relevant.

In conclusion, results of this analysis add to previously pub
lished findings [11] showing NMV/r not only reduces the risk 
of hospitalization or death in symptomatic, high-risk adults 
with mild to moderate COVID-19 but also consistently demon
strated efficacy in alpha-protected secondary and supportive 

efficacy endpoints. These findings suggest that NMV/r treat
ment may reduce the COVID-19 burden in high-risk patients 
by (1) reducing the duration and severity of symptoms and 
(2) reducing the use of healthcare resources, particularly hospi
talization and emergency room visits, which may reduce the 
burden of COVID-19 on healthcare systems during future 
waves of infection.
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