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Abstract

IMPORTANCE Treatment options for COVID-19 are warranted irrespective of the presence of risk
factors for severe disease.

OBJECTIVE To assess the efficacy and safety of ensitrelvir in patients with mild to moderate
COVID-19.

DESIGN, SETTING, AND PARTICIPANTS This phase 3 part of a phase 2/3, double-blind, placebo-
controlled randomized clinical trial was conducted from February 10 to July 10, 2022, with a 28-day
follow-up period, at 92 institutions in Japan, Vietnam, and South Korea. Patients (aged 12 to <70
years) with mild to moderate COVID-19 within 120 hours of positive viral test results were studied.

INTERVENTIONS Patients were randomized (1:1:1) to receive 125 mg of once-daily ensitrelvir (375
mg on day 1), 250 mg of once-daily ensitrelvir (750 mg on day 1), or placebo for 5 days.

MAIN OUTCOMES AND MEASURES The primary end point was the time to resolution of the
composite of 5 characteristic symptoms of SARS-CoV-2 Omicron infection, assessed using a Peto-
Prentice generalized Wilcoxon test stratified by vaccination history. Virologic efficacy and safety were
also assessed.

RESULTS A total of 1821 patients were randomized, of whom 1030 (347 in the 125-mg ensitrelvir
group, 340 in the 250-mg ensitrelvir group, and 343 in the placebo group) were randomized in less
than 72 hours of disease onset (primary analysis population). The mean (SD) age in this population
was 35.2 (12.3) years, and 552 (53.6%) were men. A significant difference was observed between the
125-mg ensitrelvir group and the placebo group (P = .04 with a Peto-Prentice generalized Wilcoxon
test). The difference in median time was approximately 1 day between the 125-mg ensitrelvir group
and the placebo group (167.9 vs 192.2 hours; difference, −24.3 hours; 95% CI, −78.7 to 11.7 hours).
Adverse events were observed in 267 of 604 patients (44.2%) in the 125-mg ensitrelvir group, 321 of
599 patients (53.6%) in the 250-mg ensitrelvir group, and 150 of 605 patients (24.8%) in the
placebo group, which included a decrease in high-density lipoprotein level (188 [31.1%] in the 125-mg
ensitrelvir group, 231 [38.6%] in the 250-mg ensitrelvir group, and 23 [3.8%] in the placebo group).
No treatment-related serious adverse events were reported.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, 125-mg ensitrelvir treatment
reduced the time to resolution of the 5 typical COVID-19 symptoms compared with placebo in
patients treated in less than 72 hours of disease onset; the absolute difference in median time to

(continued)

Key Points
Question Can ensitrelvir, an oral SARS-

CoV-2 3C-like protease inhibitor, shorten

the duration of symptoms in patients

with mild to moderate COVID-19

irrespective of the presence of risk

factors for severe disease?

Findings In this randomized clinical trial

of 1821 patients with mild to moderate

COVID-19, among 1030 patients

randomized in less than 72 hours of

disease onset, a statistically significant

difference was observed in the time to

resolution of 5 COVID-19 symptoms

between those who received ensitrelvir,

125 mg, and those who

received placebo.

Meaning Treatment with 125 mg of

ensitrelvir shortened time to resolution

of key COVID-19 symptoms.

+ Visual Abstract

+ Supplemental content

Author affiliations and article information are
listed at the end of this article.

Open Access. This is an open access article distributed under the terms of the CC-BY-NC-ND License.

JAMA Network Open. 2024;7(2):e2354991. doi:10.1001/jamanetworkopen.2023.54991 (Reprinted) February 9, 2024 1/14

Downloaded from jamanetwork.com by Oscar Bottasso on 02/10/2024

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.54991&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.54991
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.54991&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.54991


Abstract (continued)

resolution was approximately 1 day. Ensitrelvir demonstrated clinical and antiviral efficacy without
new safety concerns. Generalizability to populations outside Asia should be confirmed.

TRIAL REGISTRATION Japan Registry of Clinical Trials Identifier: jRCT2031210350

JAMA Network Open. 2024;7(2):e2354991. doi:10.1001/jamanetworkopen.2023.54991

Introduction

COVID-19 rapidly spread worldwide, and in November 2021, the SARS-CoV-2 Omicron variant was
declared a variant of concern.1 Patients infected with the Omicron variant generally experience mild
symptoms2-4 but may have more absences from work.5 Despite the global administration of
vaccinations, there has been emergence of Omicron BA.5*, XBB*, and BQ.1* sublineages, which can
evade host immunity.6,7

Several antiviral drugs against SARS-CoV-2 infection are available worldwide, such as
remdesivir,8 molnupiravir,9 and ritonavir-boosted nirmatrelvir.10 However, the clinical trials of these
drugs were conducted in high-risk, unvaccinated patients and when the Delta or pre-Delta variant
was dominant. Moreover, in vitro studies11-13 suggest that most therapeutic monoclonal antibodies
against SARS-CoV-2 are less efficacious against Omicron subvariants vs previous variants. Novel
treatment options that can be used irrespective of the presence of risk factors for severe disease are
warranted.

Ensitrelvir fumaric acid is an oral SARS-CoV-2 3C-like protease inhibitor that has shown antiviral
effects against multiple SARS-CoV-2 variants of concern, including Omicron subvariants, in in vitro
and in vivo studies.14-18 As of September 2023, ensitrelvir (125-mg tablets) obtained emergency use
approval in Japan and has been under Fast Track review by the US Food and Drug Administration
(FDA). A seamless phase 2/3, double-blind, placebo-controlled randomized clinical trial is currently
underway (Japan Registry of Clinical Trials identifier: jRCT2031210350). Ensitrelvir treatment
demonstrated decreased viral load vs placebo in phases 2a and 2b19,20 and showed improvements in
4 respiratory symptoms (stuffy or runny nose, sore throat, shortness of breath, and cough) and the
composite of the 4 respiratory symptoms and feverishness in phase 2b.20 The SCORPIO-SR trial,
phase 3 of the phase 2/3 trial, assessed the efficacy and safety of ensitrelvir in patients with mild to
moderate COVID-19.

Methods

Study Design
This randomized clinical trial was conducted in accordance with the principles of the Declaration of
Helsinki,21 Good Clinical Practice guidelines, and other applicable laws and regulations. The trial
protocol (Supplement 1) was reviewed and approved by the institutional review boards of all
participating institutions (the eAppendix in Supplement 2 gives a list of investigators). Written
informed consent was obtained from all patients or their legally acceptable representatives. This
report followed the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline.

This trial was conducted from February 10 to July 10, 2022, across 92 institutions in Japan (65
sites), Vietnam (2 sites), and South Korea (25 sites). Patients with mild to moderate COVID-19 were
randomized (1:1:1) to receive ensitrelvir, 125 mg; ensitrelvir, 250 mg; or placebo and were followed up
until day 28.22 Considering that the pharmacokinetic and pharmacodynamic analysis in phase 2b of
the trial did not show a difference in antiviral efficacy between the 2 ensitrelvir dose groups, the
125-mg group was chosen as the efficacy analysis population. Analyses between the 250-mg
ensitrelvir and placebo groups were performed as a secondary comparison.22
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The phase 2/3 study used a seamless design to maximize patient recruitment during the
COVID-19 pandemic, and the current phase 3 trial was initiated with continuous patient enrollment
after phase 2b. The phase 3 protocol (Supplement 1) was amended based on the phase 2b data and in
view of the changes in clinical features of the pandemic when Omicron subvariants were dominant.
All protocol amendments, including the changes in the primary end point, analysis populations,
statistical tests, and sample size estimation, were made blinded to the phase 3 data and were
finalized based on consultations with infectious disease experts and regulatory authorities.22

Patients
Eligible patients with mild to moderate COVID-19 were those aged 12 years to younger than 70 years
who tested positive for SARS-CoV-2 within 120 hours prior to randomization. Patients should have
had a time of 120 hours or less from the onset of COVID-19 symptoms to randomization and at least 1
moderate or severe symptom or worsening of an existing moderate or severe symptom among the
12 COVID-19 symptoms defined based on FDA guidance.23 Key exclusion criteria included an awake
oxygen saturation of 93% or less (room air), supplemental oxygen requirement, anticipated
COVID-19 exacerbation within 48 hours of randomization, suspected active and systemic infections
other than COVID-19 requiring treatment, current or long-term history of moderate or severe liver
disease, known hepatic or biliary abnormalities (except for Gilbert syndrome or asymptomatic
gallstones), and moderate to severe kidney disease (eMethods in Supplement 2). Patient
characteristic data, including age and self-reported race and ethnicity, were collected as part of the
baseline examination. Because phase 1 of the study suggested a small difference in ensitrelvir
pharmacokinetics between Japanese and White healthy volunteers, we collected race and ethnicity
data in this study. Ethnicity was categorized as Hispanic or Latino, non-Hispanic or Latino, not
reported, or unknown. Race was categorized as American Indian or Alaska Native, Asian, Black or
African American, Native Hawaiian or other Pacific Islander, White, or other (no other information
was available regarding other race).

Randomization, Blinding, and Treatment
Patient randomization was performed using an interactive response technology system and
stratification by the time from onset of COVID-19 to randomization (<72 vs �72 hours) and SARS-
CoV-2 vaccination history (at least 1 dose of vaccination: yes vs no). All patients and study staff were
blinded to the treatment, and emergency unblinding per the investigator’s request was allowed in
case of occurrence of adverse events to determine the appropriate therapy for the patient. Patients
received ensitrelvir (375 mg on day 1 and 125 mg on days 2-5 [125-mg ensitrelvir group] or 750 mg on
day 1 and 250 mg on days 2-5 [250-mg ensitrelvir group]) or matching placebo tablets, which were
identical in appearance and packaging, without dose modification. Treatment was discontinued in
case of COVID-19 exacerbation, serious or intolerable adverse events, and pregnancy (eMethods in
Supplement 2).

End Points
The primary end point was the time to resolution of the composite of 5 COVID-19 symptoms (stuffy
or runny nose, sore throat, cough, feeling hot or feverish, and low energy or tiredness) on the basis
that they were the most commonly observed symptoms in the phase 2b study of the current phase
2/3 study that was conducted when the Omicron BA.1 variant was predominant.22 Key secondary
end points were the change from baseline in SARS-CoV-2 RNA level on day 4 (key secondary end
point 1) and time to first negative SARS-CoV-2 titer (key secondary end point 2). The time to
resolution of 12 COVID-19 symptoms (the abovementioned 5 symptoms plus shortness of breath,
muscle or body aches, headache, chills or shivering, nausea, vomiting, and diarrhea), 14 COVID-19
symptoms (the abovementioned 12 symptoms plus anosmia and dysgeusia), and SARS-CoV-2 RNA
levels and titers up to day 21 were assessed as other secondary end points. Resolution of 5, 12, and 14
COVID-19 symptoms was achieved when all the symptoms disappeared, improved, or were
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maintained after first administration of study intervention and symptom resolution was sustained for
at least 24 hours in a patient. Each of the 12 COVID-19 symptoms was rated on a 4-point scale (with
0 indicating none; 1, mild; 2, moderate; and 3, severe), whereas anosmia and dysgeusia were rated on
a 3-point scale (with 0 indicating same as usual; 1, less than usual; and 2, no sense of smell or taste)
by the patient (eMethods in Supplement 2). The safety end point was the incidence of adverse
events that emerged after treatment initiation.

Assessments
The severity of each COVID-19 symptom was recorded in a diary twice daily (morning and evening)
until day 9 and once daily (evening) from days 10 to 21. SARS-CoV-2 titers and RNA levels were
quantified using nasopharyngeal swab specimens collected on days 1 (before drug administration), 2
to 6 (days 3 and 5 as optional visits), and 9, 14, and 21 (or study discontinuation). Adverse events
were coded using the Medical Dictionary for Regulatory Activities, version 24.0 (eMethods in
Supplement 2).

Statistical Analysis
Considering the main pathophysiology of COVID-19 (viral proliferation for several days followed by
inflammatory reaction by the host immune system starting around 7 days after onset), antiviral
treatment is expected to be most effective when initiated in the early phase of infection.22 On the
basis of an epidemiologic analysis24 in Japan, 62% of patients with COVID-19 hospitalized during the
Omicron BA.5 phase of the pandemic experienced disease progression within 3 days of onset. To
evaluate the antiviral and clinical efficacy of ensitrelvir in the optimal patient population, the primary
analysis population for the primary and key secondary end points was defined as patients
randomized in less than 72 hours of disease onset in the intention-to-treat population (all patients
who tested positive for SARS-CoV-2 RNA at baseline).22 The modified intention-to-treat population
comprised all patients who tested positive for SARS-CoV-2 RNA and had a detectable SARS-CoV-2
titer at baseline. As reported previously,22 assuming a Weibull distribution in the time to resolution of
the 5 COVID-19 symptoms, 230 patients per group were required to compare the survival
distributions of the primary end point between the 125-mg ensitrelvir and placebo groups using the
Peto-Prentice generalized Wilcoxon test, with 80% power and a 2-sided significance level of 0.05.
Assuming a 10% dropout rate before enrollment, the final sample size for the primary analysis
population was set to 260 patients per group (780 patients in total).22 Of note, patient enrollment
was continued as originally planned to include 595 patients randomized within 120 hours of disease
onset each in the 125-mg ensitrelvir, 250-mg ensitrelvir, and placebo groups.

The statistical significance of ensitrelvir vs placebo for the primary end point in the primary
analysis population was tested using a Peto-Prentice generalized Wilcoxon test stratified by SARS-
CoV-2 vaccination history (yes or no).25 A fixed-sequence hierarchical testing procedure was applied
to control type I errors. The test was performed in the order of primary end point, key secondary end
point 1, and key secondary end point 2 in the primary analysis population. The tests were repeated
in the same order in patients randomized within 120 hours of disease onset until findings were no
longer statistically significant (2-sided significance level of P � .05).22 All statistical comparisons
were performed at a 2-sided significance level of P < .05. No imputation was performed for missing
data. All analyses were performed using SAS software, version 9.4 (SAS Institute Inc) (eMethods in
Supplement 2).

Results

Patients
Among 1821 patients enrolled, 607 were randomized to receive 125 mg of ensitrelvir, 606 to receive
250 mg of ensitrelvir, and 608 to receive placebo (Figure 1). Of these patients, 1769 (97.1%)
completed the study and 1030 (56.6%) were randomized in less than 72 hours of disease onset
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(primary analysis population). Patient characteristics were similar across the groups (Table 1 and
eTable 1 in Supplement 2) and were largely representative of the expected patient population
(eTable 2 in Supplement 2).

Among 1030 patients in the primary analysis population, the mean (SD) age was 35.2 years; 552
(53.6%) were men, and 478 (46.4%) were women. A total of 347 were in the 125-mg ensitrelvir
group, 340 in the 250-mg ensitrelvir group, and 343 in the placebo group. Regarding race, 1024
(99.4%) were Asian; 1 (0.1%), Black or African American; 1 (0.1%), Native Hawaiian or Other Pacific
Islander; and 4 (0.4%), other race. Regarding ethnicity, 9 (0.9%) were Hispanic or Latino, and 906
(88.0%) were not Hispanic or Latino; 74 (7.2%) did not report ethnicity, and 41 (4.0%) had unknown
ethnicity. The majority (937 [91.0]%) of patients had received 2 or more doses of the SARS-CoV-2
vaccine. Prior acetaminophen use was recorded for 297 patients (28.8%). Most patients were
infected with the Omicron BA.1 (172 [16.7%]) or BA.2 (715 [69.4%]) subvariant. The most common
COVID-19 symptoms across treatment groups were stuffy or runny nose, sore throat, cough, feeling
hot or feverish, and low energy or tiredness (Table 1). A total of 744 patients (72.2%) did not have risk
factors for severe disease (Table 1 and eTable 3 in Supplement 2).

Figure 1. CONSORT Flow Diagram

1851 Patients screened

30 Excluded
16 Protocol deviation

1 Adverse event

9 Withdrew
4 Discontinued based on liver function test

1821 Randomized

603 Included in the intention-to-treat population
4 Excluded owing to negative RT-PCR test

result

289 Excluded owing to negative viral titer result
(including 4 with negative RT-PCR test
result)

318 Included in the modified intention-to-treat
population

595 Included in the intention-to-treat population
11 Excluded owing to negative RT-PCR test

result

302 Excluded owing to negative viral titer result
(including 11 with negative RT-PCR test
result)

304 Included in the modified intention-to-treat
population

600 Included in the intention-to-treat population
8 Excluded owing to negative RT-PCR test

result

274 Excluded owing to negative viral titer result
(including 8 with negative RT-PCR test
result)

334 Included in the modified intention-to-treat
population

347 Randomized in <72 h of disease onset
(primary analysis population)

256 Randomized within 72-120 h of disease onset

340 Randomized in <72 h of disease onset
255 Randomized within 72-120 h of disease onset

343 Randomized in <72 h of disease onset
257 Randomized within 72-120 h of disease onset

11 Discontinued treatment
3 Withdrew
3 Protocol deviation
5 Other reason

21 Discontinued treatment
11 Withdrew
1 Protocol deviation
2 Adverse event
7 Other reason

20 Discontinued treatment
10 Withdrew
1 Progressive disease
2 Adverse event
1 Protocol deviation
6 Other reason

585 Completed the study596 Completed the study 588 Completed the study

607 Randomized to receive ensitrelvir, 125 mg
604 Included in the safety analysis population

3 Excluded for not receiving the allocated
intervention

606 Randomized to receive ensitrelvir, 250 mg
599 Included in the safety analysis population

7 Excluded for not receiving the allocated
intervention

608 Randomized to receive placebo
605 Included in the safety analysis population

3 Excluded for not receiving the allocated
intervention

The intention-to-treat population comprised all patients who tested positive for SARS-
CoV-2 RNA at baseline, as confirmed by reverse transcriptase–polymerase chain reaction
(RT-PCR) testing of a nasopharyngeal swab sample. The modified intention-to-treat

population comprised all patients who tested positive for SARS-CoV-2 RNA and who had
a detectable SARS-CoV-2 titer at baseline.
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline in the Intention-to-Treat Populationa

Characteristic

Patients randomized <72 h after disease onset Patients randomized within 120 h of disease onset
Ensitrelvir, 125
mg (n = 347)b

Ensitrelvir, 250
mg (n = 340)

Placebo
(n = 343)

Total
(n = 1030)

Ensitrelvir, 125
mg (n = 603)

Ensitrelvir, 250
mg (n = 595)

Placebo
(n = 600)

Total
(n = 1798)

Sex

Female 154 (44.4) 155 (45.6) 169 (49.3) 478 (46.4) 285 (47.3) 272 (45.7) 289 (48.2) 846 (47.1)

Male 193 (55.6) 185 (54.4) 174 (50.7) 552 (53.6) 318 (52.7) 323 (54.3) 311 (51.8) 952 (52.9)

Age, mean (SD), y 35.7 (12.5) 35.3 (12.2) 34.7 (12.2) 35.2 (12.3) 35.9 (12.7) 35.9 (12.7) 35.3 (12.6) 35.7 (12.6)

Ethnicity

Non-Hispanic or Latino 303 (87.3) 299 (87.9) 304 (88.6) 906 (88.0) 539 (89.4) 538 (90.4) 550 (91.7) 1627 (90.5)

Hispanic or Latino 3 (0.9) 4 (1.2) 2 (0.6) 9 (0.9) 5 (0.8) 4 (0.7) 2 (0.3) 11 (0.6)

Not reported 24 (6.9) 28 (8.2) 22 (6.4) 74 (7.2) 34 (5.6) 39 (6.6) 30 (5.0) 103 (5.7)

Unknown 17 (4.9) 9 (2.6) 15 (4.4) 41 (4.0) 25 (4.1) 14 (2.4) 18 (3.0) 57 (3.2)

Race

American Indian or
Alaska Native

0 0 0 0 0 0 0 0

Asian 345 (99.4) 338 (99.4) 341 (99.4) 1024 (99.4) 601 (99.7) 593 (99.7) 598 (99.7) 1792 (99.7)

Black or African American 0 1 (0.3) 0 1 (0.1) 0 1 (0.2) 0 1 (0.1)

Native Hawaiian or Other
Pacific Islander

0 1 (0.3) 0 1 (0.1) 0 1 (0.2) 0 1 (0.1)

White 0 0 0 0 0 0 0 0

Otherc 2 (0.6) 0 2 (0.6) 4 (0.4) 2 (0.3) 0 2 (0.3) 4 (0.2)

COVID-19 vaccinations, No.

≥1 322 (92.8) 313 (92.1) 315 (91.8) 950 (92.2) 562 (93.2) 551 (92.6) 553 (92.2) 1666 (92.7)

≥2 316 (91.1) 311 (91.5) 310 (90.4) 937 (91.0) 554 (91.9) 547 (91.9) 545 (90.8) 1646 (91.5)

≥3 183 (52.7) 185 (54.4) 177 (51.6) 545 (52.9) 284 (47.1) 295 (49.6) 283 (47.2) 862 (47.9)

SARS-CoV-2 RNA level,
mean (SD), log10
copies/mLd

6.98 (1.01) 6.89 (1.01) 6.93 (0.99) 6.93 (1.00) 6.83 (1.05) 6.73 (1.08) 6.77 (1.07) 6.77 (1.07)

Any risk factor for severe
diseasee

107 (30.8) 90 (26.5) 89 (25.9) 286 (27.8) 174 (28.9) 167 (28.1) 152 (25.3) 493 (27.4)

Prior acetaminophen use 108 (31.1) 90 (26.5) 99 (28.9) 297 (28.8) 216 (35.8) 191 (32.1) 207 (34.5) 614 (34.1)

Oxygen saturation,
mean (SD), %f

97.3 (1.1) 97.2 (2.0) 97.3 (1.2) 97.3 (1.5) 97.4 (1.1) 97.3 (1.6) 97.3 (1.1) 97.3 (1.3)

SARS-CoV-2 variant

BA.1/21K (Omicron) 61 (17.6) 57 (16.8) 54 (15.7) 172 (16.7) 131 (21.7) 130 (21.8) 115 (19.2) 376 (20.9)

BA.2/21L (Omicron) 242 (69.7) 232 (68.2) 241 (70.3) 715 (69.4) 401 (66.5) 376 (63.2) 407 (67.8) 1184 (65.9)

BA.1.1.529/21M
(Omicron)

2 (0.6) 0 2 (0.6) 4 (0.4) 2 (0.3) 1 (0.2) 2 (0.3) 5 (0.3)

BA.4/22A (Omicron) 1 (0.3) 1 (0.3) 0 2 (0.2) 1 (0.2) 1 (0.2) 0 2 (0.1)

BA.5/22B (Omicron) 4 (1.2) 5 (1.5) 5 (1.5) 14 (1.4) 5 (0.8) 7 (1.2) 8 (1.3) 20 (1.1)

BA.2.12.1/22C
(Omicron)

1 (0.3) 2 (0.6) 0 3 (0.3) 1 (0.2) 5 (0.8) 2 (0.3) 8 (0.4)

Recombinant 30 (8.6) 38 (11.2) 33 (9.6) 101 (9.8) 52 (8.6) 64 (10.8) 50 (8.3) 166 (9.2)

Not tested 2 (0.6) 1 (0.3) 2 (0.6) 5 (0.5) 2 (0.3) 2 (0.3) 3 (0.5) 7 (0.4)

No result 4 (1.2) 4 (1.2) 6 (1.7) 14 (1.4) 8 (1.3) 9 (1.5) 13 (2.2) 30 (1.7)

COVID-19 symptomsg

Respiratory symptoms

Stuffy or runny nose 283 (83.5) 248 (74.3) 247 (75.8) 778 (75.5) 506 (86.1) 468 (80.6) 464 (80.0) 1438 (80.0)

Sore throat 300 (88.5) 292 (87.4) 286 (87.7) 878 (85.2) 520 (88.4) 522 (89.7) 512 (88.3) 1554 (86.4)

Shortness of breath 95 (28.0) 90 (26.9) 66 (20.2) 251 (24.4) 170 (28.9) 158 (27.1) 142 (24.5) 470 (26.1)

Cough 291 (85.8) 280 (83.8) 287 (88.0) 858 (83.3) 518 (88.1) 512 (88.0) 518 (89.3) 1548 (86.1)

Systemic symptoms

Low energy or
tiredness

265 (78.2) 248 (74.3) 229 (70.2) 742 (72.0) 446 (75.9) 407 (69.9) 408 (70.3) 1261 (70.1)

Muscle or body aches 207 (61.1) 209 (62.6) 189 (58.0) 605 (58.7) 341 (58.0) 333 (57.2) 315 (54.3) 989 (55.0)

Headache 219 (64.6) 221 (66.2) 213 (65.3) 653 (63.4) 376 (63.9) 368 (63.2) 367 (63.3) 1111 (61.8)

Chills or shivering 223 (65.8) 172 (51.5) 167 (51.2) 562 (54.6) 325 (55.3) 276 (47.4) 289 (49.8) 890 (49.5)

Feeling hot or
feverish

247 (72.9) 234 (70.1) 235 (72.1) 716 (69.5) 378 (64.3) 379 (65.1) 385 (66.4) 1142 (63.5)

(continued)
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Primary End Point
A significant difference in the time to resolution of the 5 COVID-19 symptoms was observed between
the 125-mg ensitrelvir and placebo groups in the primary analysis population (P = .04 with a Peto-
Prentice generalized Wilcoxon test) (Figure 2A). The median time to symptom resolution was 167.9
hours (95% CI, 145.0-197.6 hours) in the 125-mg ensitrelvir group and 192.2 hours (95% CI, 174.5-
238.3 hours) in the placebo group (difference in median, −24.3 hours; 95% CI, −78.7 to 11.7 hours).
The primary analysis demonstrated a significant difference in the overall distribution of the time to
symptom resolution among the groups, whereas the 95% CI of the difference in the median included
0 as a secondary analysis (Figure 2A). No significant difference in the time to resolution of the 5
COVID-19 symptoms was observed between the 125-mg ensitrelvir and placebo groups for patients
randomized within 120 hours of disease onset (Figure 2B). A difference was observed between the
250-mg ensitrelvir and placebo groups for the primary analysis population (Figure 2A).

Key Secondary End Points
The least-squares mean (SE) change from baseline in SARS-CoV-2 RNA level on day 4 in the primary
analysis population was −2.48 (0.08) log10 copies/mL in the 125-mg ensitrelvir group compared with
−1.01 (0.08) log10 copies/mL in the placebo group (P < .001) (Table 2). A significant difference was
observed in the time to first negative SARS-CoV-2 titer in the primary analysis population between
the 125-mg ensitrelvir (median, 36.2 hours; 95% CI, 23.4-43.2 hours) and placebo (median, 65.3
hours; 95% CI, 62.0-66.8 hours) groups (difference, −29.1 hours; 95% CI, −42.3 to −21.1; P < .001)
(eFigure 1 in Supplement 2). Similar results were obtained for patients randomized within 120 hours
of disease onset (eFigure 1 in Supplement 2).

Other Secondary End Points
No significant difference was observed in the time to resolution of the 12 COVID-19 symptoms in the
primary analysis population between the 125-mg ensitrelvir and placebo groups. A difference was

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline in the Intention-to-Treat Populationa (continued)

Characteristic

Patients randomized <72 h after disease onset Patients randomized within 120 h of disease onset
Ensitrelvir, 125
mg (n = 347)b

Ensitrelvir, 250
mg (n = 340)

Placebo
(n = 343)

Total
(n = 1030)

Ensitrelvir, 125
mg (n = 603)

Ensitrelvir, 250
mg (n = 595)

Placebo
(n = 600)

Total
(n = 1798)

Digestive symptoms

Nausea 49 (14.5) 38 (11.4) 37 (11.3) 124 (12.0) 81 (13.8) 75 (12.9) 76 (13.1) 232 (12.9)

Vomiting 18 (5.3) 14 (4.2) 12 (3.7) 44 (4.3) 33 (5.6) 24 (4.1) 24 (4.1) 81 (4.5)

Diarrhea 57 (16.8) 49 (14.7) 51 (15.6) 157 (15.2) 116 (19.7) 104 (17.9) 104 (17.9) 324 (18.0)

Sensation disturbance

Anosmia 47 (13.9) 54 (16.2) 38 (11.7) 139 (13.5) 102 (17.3) 102 (17.5) 93 (16.0) 297 (16.5)

Dysgeusia 52 (15.3) 50 (15.0) 49 (15.0) 151 (14.7) 105 (17.9) 91 (15.6) 99 (17.1) 295 (16.4)

a Data for all patients who tested positive for SARS-CoV-2 RNA at baseline are shown.
Data are given as number (percentage) of patients unless otherwise indicated.

b Primary analysis population.
c There was no information regarding other race.
d Sample sizes were 345 for the ensitrelvir, 125 mg, group, 336 for the ensitrelvir, 250

mg, group, and 341 for the placebo group among patients randomized in less than 72
hours of disease onset. Sample sizes were 600 for the ensitrelvir, 125 mg, group, 589
for the ensitrelvir, 250 mg, group, and 597 for the placebo group in patients
randomized within 120 hours of disease onset.

e Age 65 years or older, body mass index of 30 or greater (calculated as weight in
kilograms divided by height in meters squared), cancer, cerebrovascular disease,
chronic kidney disease, chronic lung disease, chronic liver disease, cystic fibrosis,
diabetes, disabilities, heart conditions, hypertension, dyslipidemia, HIV infection,
mental health disorders, neurologic conditions, primary immunodeficiencies, smoking,

solid organ or hematopoietic cell transplant, tuberculosis, and use of corticosteroids or
other immunosuppressive medications were considered risk factors for severe disease.

f Sample sizes were 335 for the ensitrelvir, 125 mg, group, 327 for the ensitrelvir, 250 mg,
group, and 322 for the placebo group among patients randomized in less than 72 hours
of disease onset. Samples sizes were 584 for the ensitrelvir, 125 mg, group, 573 for the
ensitrelvir, 250 mg, group, and 574 for the placebo group among patients randomized
within 120 hours of disease onset.

g Sample sizes were 339 for the ensitrelvir, 125 mg, group, 334 for the ensitrelvir, 250
mg, group, and 326 for the placebo group among patients randomized in less than 72
hours of disease onset. Sample sizes were 588 for the ensitrelvir, 125 mg, group, 582
(581 for stuffy or runny nose) for the ensitrelvir, 250 mg, group, and 580 for the
placebo group among patients randomized within 120 hours of disease onset.
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observed in the time to resolution of the 14 COVID-19 symptoms in the primary analysis population
between the 125-mg ensitrelvir and placebo groups (Table 2).

No difference was observed between the 125-mg ensitrelvir and placebo groups in the time to
resolution of the 12 and 14 COVID-19 symptoms among patients randomized within 120 hours of
disease onset (eTable 4 in Supplement 2). SARS-CoV-2 RNA levels and SARS-CoV-2 titers in the
125-mg ensitrelvir group were lower than those in the placebo group up to day 9 and day 6,
respectively, irrespective of time to randomization (eFigures 2 and 3 in Supplement 2). None of the
patients reported receiving mechanical ventilation or died, and only 1 patient each in the 125-mg
ensitrelvir and placebo groups required COVID-19–related hospitalization or equivalent recuperation
during the study period.

Safety
Adverse events were assessed in 604 patients in the 125-mg ensitrelvir group, 599 in the 250-mg
ensitrelvir group, and 605 in the placebo group. Adverse events occurred in 267 patients in the
125-mg ensitrelvir group (44.2%), 321 in the 250-mg ensitrelvir group (53.6%), and 150 in the
placebo group (24.8%); treatment-related adverse events occurred in 148 patients in the 125-mg
ensitrelvir group (24.5%), 217 in the 250-mg ensitrelvir group (36.2%), and 60 in the placebo group
(9.9%) (Table 3). Most of the adverse events were mild, and most treatment-related adverse events
resolved without sequelae.

Figure 2. Time to Resolution of 5 COVID-19 Symptoms in the Intention-to-Treat Population
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The analysis was performed for all patients who tested positive for SARS-CoV-2 RNA at
baseline. Patients randomized in less than 72 hours of disease onset in the 125-mg
ensitrelvir group were defined as the primary analysis population. A Peto-Prentice
generalized Wilcoxon test was applied to test the statistical significance vs placebo. The
test was stratified by SARS-CoV-2 vaccination history (yes or no) for patients randomized
in less than 72 hours (A) and time from onset to randomization (<72 or �72 hours) and
SARS-CoV-2 vaccination history (yes or no) for patients randomized within 120 hours (B).

The 5 COVID-19 symptoms were stuffy or runny nose, sore throat, cough, feeling hot or
feverish, and low energy or tiredness. In the primary analysis population (A), the median
time to resolution of the 5 COVID-19 symptoms was 171.2 hours in the 250-mgensitrelvir
group and 192.2 hours in the placebo group (difference, −21.0 hours; 95% CI, −73.8 to 7.2
hours). Among patients randomized within 120 hours of disease onset (B), the median
difference in the time to resolution of the 5 COVID-19 symptoms between 125-mg
ensitrelvir and placebo was −10.6 hours (95% CI, −56.9 to 21.3 hours).
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Serious adverse events were observed in 2 patients (heavy menstrual bleeding in 1 patient in the
125-mg ensitrelvir group on day 14 and acute cholecystitis in 1 patient in the placebo group on day
9), both of which were judged as not treatment related. A decrease in high-density lipoprotein levels

Table 2. Change From Baseline to Day 4 in SARS-CoV-2 RNA Levels, Time to Resolution of 12 COVID-19
Symptoms, and Time to Resolution of 14 COVID-19 Symptomsa

Variable
Ensitrelvir, 125 mg
(n = 347)b

Ensitrelvir, 250 mg
(n = 340)

Placebo
(n = 343)

Change from baseline to day 4 in SARS-CoV-2 RNA level

Patients, No. 340 333 337

LS mean (SE), log10
copies/mLc

−2.48 (0.08) −2.49 (0.08) −1.01 (0.08)

Difference from placebo,
LS mean (SE) [95% CI],
log10 copies/mLc

−1.47 (0.08) [−1.63 to −1.31] −1.48 (0.08) [−1.64 to −1.32] NA

P valuec <.001 <.001 NA

Time to resolution of 12 COVID-19 symptomsd

Patients, No 336 330 321

Median (95% CI), h 179.2 (152.1 to 212.1) 184.9 (168.9 to 226.2) 213.2 (185.8 to 253.8)

Difference from placebo,
median (95% CI), h

−34.0 (−85.9 to 8.3) −28.3 (−72.8 to 14.7) NA

P valuee .07 .08

Time to resolution of 14 COVID-19 symptomsf

Patients, No. 336 330 321

Median (95% CI), h 187.8 (156.4 to 217.0) 190.3 (171.4 to 244.0) 231.8 (192.1 to 265.8)

Difference from placebo,
median (95% CI), h

−44.1 (−95.3 to 4.5) −41.5 (−81.2 to 27.3) NA

P valuee .03 .05 NA

Abbreviations: LS, least-squares; NA, not applicable.
a Results are for the intention-to-treat population of

patients randomized in less than 72 hours of
disease onset.

b Primary analysis population.
c Analysis of covariance using baseline SARS-CoV-2

RNA and SARS-CoV-2 vaccination history (yes or no)
as covariates.

d Low energy or tiredness, muscle or body aches,
headache, chills or shivering, feeling hot or feverish,
stuffy or runny nose, sore throat, cough, shortness of
breath (difficulty breathing), nausea, vomiting, and
diarrhea.

e Based on a Peto-Prentice generalized Wilcoxon test
stratified by SARS-CoV-2 vaccination history (yes
or no).

f Low energy or tiredness, muscle or body aches,
headache, chills or shivering, feeling hot or feverish,
stuffy or runny nose, sore throat, cough, shortness of
breath (difficulty breathing), nausea, vomiting,
diarrhea, anosmia, and dysgeusia.

Table 3. Summary of Adverse Events in the Safety Analysis Populationa

Adverse events

Patients, No. (%)
Ensitrelvir, 125 mg
(n = 604)

Ensitrelvir, 250 mg
(n = 599)

Placebo
(n = 605)

Any adverse event 267 (44.2) 321 (53.6) 150 (24.8)

Any treatment-related adverse event 148 (24.5) 217 (36.2) 60 (9.9)

Any serious adverse eventb 1 (0.2) 0 1 (0.2)

Adverse events leading to death 0 0 0

Adverse events leading to treatment discontinuationc 4 (0.7) 6 (1.0) 2 (0.3)

Adverse events occurring in ≥2% of patients in either
intervention group

Headache 13 (2.2) 20 (3.3) 14 (2.3)

Diarrhea 6 (1.0) 9 (1.5) 12 (2.0)

High-density lipoprotein level decreased 188 (31.1) 231 (38.6) 23 (3.8)

Blood triglyceride levels increased 49 (8.1) 74 (12.4) 32 (5.3)

Blood bilirubin level increased 36 (6.0) 56 (9.3) 6 (1.0)

Blood cholesterol level decreased 20 (3.3) 28 (4.7) 3 (0.5)

Bilirubin conjugated increased 15 (2.5) 20 (3.3) 3 (0.5)

Blood creatine phosphokinase level increased 14 (2.3) 8 (1.3) 11 (1.8)

Blood lactate dehydrogenase level increased 6 (1.0) 15 (2.5) 6 (1.0)

Aspartate aminotransferase level increased 4 (0.7) 9 (1.5) 12 (2.0)

Treatment-related adverse events occurring in ≥2% of
patients in either intervention group

Headache 4 (0.7) 13 (2.2) 2 (0.3)

High-density lipoprotein level decreased 111 (18.4) 157 (26.2) 9 (1.5)

Blood triglyceride levels increased 16 (2.6) 37 (6.2) 17 (2.8)

Blood bilirubin level increased 17 (2.8) 35 (5.8) 3 (0.5)

Blood cholesterol level decreased 8 (1.3) 12 (2.0) 1 (0.2)

a Data for all patients who received at least 1 ensitrelvir
or placebo dose are shown.

b Both serious adverse events were judged as not
treatment related, and patients recovered with
appropriate intervention.

c Among the adverse events leading to treatment
discontinuation, mild eczema and mild vomiting in 1
patient each in the ensitrelvir, 125 mg, group; mild
rash and moderate rash in 1 patient each in the
ensitrelvir, 250 mg, group; and moderate
hypoesthesia and mild muscular weakness in 1
patient in the placebo group were judged as
treatment related by the investigator. All treatment-
related adverse events leading to treatment
discontinuation were deemed to be resolving or
resolved after study discontinuation.
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was the most frequently reported adverse event (188 [31.1%] in the 125-mg ensitrelvir group, 231
[38.6%] in the 250-mg ensitrelvir group, and 23 [3.8%] in the placebo group) and the most common
treatment-related adverse event (111 [18.4%] in the 125-mg ensitrelvir group, 157 [26.2%] in the
250-mg ensitrelvir group, and 9 [1.5%] in the placebo group) in both ensitrelvir groups. A transient
change in high-density lipoprotein cholesterol, triglyceride, total bilirubin, and iron levels was
observed on day 6 in the ensitrelvir groups, which resolved without additional treatment (eFigure 4
in Supplement 2). None of the patients developed clinical jaundice.

Adverse events leading to treatment discontinuation were recorded in 12 patients. A total of
365 patients in the ensitrelvir groups had any treatment-related adverse events, and in 335 patients
(91.8%), these adverse events were resolved by day 28 (eTable 5 in Supplement 2). No adverse
events leading to death were reported (Table 3).

Discussion

This phase 3 randomized clinical trial was conducted during the Omicron BA.2 phase of the COVID-19
pandemic and involved 91.0% of patients who had received 2 or more doses of the SARS-CoV-2
vaccine and 72.2% of participants without risk factors for severe disease. There was a significant
difference between ensitrelvir, 125 mg, once-daily treatment (375 mg on day 1) and placebo groups
in the time to resolution of the 5 typical symptoms of Omicron variant infection among patients
randomized in less than 72 hours of disease onset. In this population, ensitrelvir treatment shortened
the symptom duration by approximately 1 day compared with placebo, from a median of 5 to 4 days.
Moreover, a significant reduction compared with placebo was observed in the 2 key secondary end
points representing antiviral efficacy. Ensitrelvir was generally well tolerated, and the most
commonly observed adverse event, a decrease in high-density lipoprotein levels, is consistent with
the findings of previous clinical studies of ensitrelvir.19,20,26

Previous clinical trials9,10 of oral antivirals for COVID-19 were conducted during the Delta phase
of the pandemic in unvaccinated, high-risk adults and demonstrated a reduction in the risk of
hospitalization or death as the primary end point. However, given the administration of COVID-19
vaccinations and the nature of the infection caused by the Omicron variant, these end points could
no longer be a viable option. Indeed, published studies3,4,27 report a significant reduction in the risk
of death, hospitalization, or severe disease associated with the Omicron vs Delta infection. Moreover,
community-based studies28,29 suggest limited effectiveness of these antivirals for high-risk,
vaccinated adults or patients infected with the Omicron variant in reducing the risk of severe
COVID-19.

The guidance issued by the FDA in 2020 discusses approaches to measure common symptoms
of COVID-19 in drug clinical trials, which include the use of patient-reported outcomes.23 The phase
2/3 EPIC-SR (Evaluation of Protease Inhibition for COVID-19 in Standard-Risk Patients) study used
self-reported, sustained alleviation of all targeted COVID-19 symptoms for 4 days as a novel primary
end point to assess the efficacy of ritonavir-boosted nirmatrelvir.30 Although a shortened time to
sustained alleviation and resolution of COVID-19 signs and symptoms was demonstrated in
nonhospitalized, high-risk adults with COVID-19 (EPIC-HR study),31 the EPIC-SR study did not show a
meaningful difference in the time to sustained symptom alleviation through day 28.32 The current
SCORPIO-SR study met the primary end point and demonstrated clinical efficacy of ensitrelvir in the
resolution of COVID-19 symptoms (sustained for at least 24 hours) irrespective of the presence of
risk factors for severe disease.

Ensitrelvir demonstrated clinical benefit for mild to moderate COVID-19 in terms of symptom
resolution and virus reduction. To ensure its efficacy in various patient populations, additional clinical
trials are being conducted, including SCORPIO-HR33 for patients regardless of presence of high-risk
factors and STRIVE (Strategies and Treatments for Respiratory Infections & Viral Emergencies:
Shionogi Protease Inhibitor)34 for inpatients, both of which are in collaboration with the National
Institutes of Health, and 1 pediatric study.35
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Limitations
The major limitation of this study is that it was conducted only in Asian countries, with a limited
number of non-Asian patients. Also, ensitrelvir shortened the symptom duration, but the difference
in median time was approximately 1 day compared with placebo. The efficacy and safety of ensitrelvir
in various patient populations should be further assessed in daily clinical settings.

Conclusions

In this randomized clinical trial, ensitrelvir treatment, 125 mg, once daily demonstrated a reduction in
the time to resolution of the 5 typical COVID-19 symptoms compared with placebo in patients treated
in less than 72 hours of disease onset; the absolute difference in median time to resolution was
approximately 1 day. The results also showed favorable antiviral efficacy of ensitrelvir. Although a
transient decrease in high-density lipoprotein levels was observed, ensitrelvir was well tolerated.
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