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BACKGROUND
Nirmatrelvir–ritonavir has been authorized for emergency use by many countries 
for the treatment of coronavirus disease 2019 (Covid-19). However, the supply falls 
short of the global demand, which creates a need for more options. VV116 is an 
oral antiviral agent with potent activity against severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2).

METHODS
We conducted a phase 3, noninferiority, observer-blinded, randomized trial during 
the outbreak caused by the B.1.1.529 (omicron) variant of SARS-CoV-2. Symptom-
atic adults with mild-to-moderate Covid-19 with a high risk of progression were 
assigned to receive a 5-day course of either VV116 or nirmatrelvir–ritonavir. The 
primary end point was the time to sustained clinical recovery through day 28. 
Sustained clinical recovery was defined as the alleviation of all Covid-19–related 
target symptoms to a total score of 0 or 1 for the sum of each symptom (on a scale 
from 0 to 3, with higher scores indicating greater severity; total scores on the 11-
item scale range from 0 to 33) for 2 consecutive days. A lower boundary of the 
two-sided 95% confidence interval for the hazard ratio of more than 0.8 was 
considered to indicate noninferiority (with a hazard ratio of >1 indicating a shorter 
time to sustained clinical recovery with VV116 than with nirmatrelvir–ritonavir).

RESULTS
A total of 822 participants underwent randomization, and 771 received VV116 (384 
participants) or nirmatrelvir–ritonavir (387 participants). The noninferiority of 
VV116 to nirmatrelvir–ritonavir with respect to the time to sustained clinical re-
covery was established in the primary analysis (hazard ratio, 1.17; 95% confidence 
interval [CI], 1.01 to 1.35) and was maintained in the final analysis (median, 4 days 
with VV116 and 5 days with nirmatrelvir–ritonavir; hazard ratio, 1.17; 95% CI, 1.02 
to 1.36). In the final analysis, the time to sustained symptom resolution (score of 
0 for each of the 11 Covid-19–related target symptoms for 2 consecutive days) and 
to a first negative SARS-CoV-2 test did not differ substantially between the two 
groups. No participants in either group had died or had had progression to severe 
Covid-19 by day 28. The incidence of adverse events was lower in the VV116 group 
than in the nirmatrelvir–ritonavir group (67.4% vs. 77.3%).

CONCLUSIONS
Among adults with mild-to-moderate Covid-19 who were at risk for progression, 
VV116 was noninferior to nirmatrelvir–ritonavir with respect to the time to sus-
tained clinical recovery, with fewer safety concerns. (Funded by Vigonvita Life 
Sciences and others; ClinicalTrials.gov number, NCT05341609; Chinese Clinical 
Trial Registry number, ChiCTR2200057856.)
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The coronavirus disease 2019 (Covid- 
19) pandemic continues to spread rapidly 
worldwide,1,2 and severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) has 
evolved into variants with increasing transmis-
sibility and capability of evading human immu-
nity (e.g., the B.1.1.529 [omicron] variant).3-5 A 
widespread and timely distribution of effica-
cious antiviral therapy is an important part of 
the response.6,7

Currently, nirmatrelvir–ritonavir8 is rec-
ommended by World Health Organization 
(WHO) guideline for treating mild-to-moderate 
 Covid-19.9 Nirmatrelvir is an oral inhibitor of 
the SARS-CoV-2 3-chymotrypsin–like cysteine 
protease enzyme that can be dispensed at 
community pharmacies and has been autho-
rized for emergency use by many countries. 
However, access to nirmatrelvir is limited 
worldwide, and its effectiveness depends on 
ritonavir,10 which has multiple drug–drug in-
teractions warranting specialized assessment 
before prescription. Remdesivir is also recom-
mended11 but needs to be administered intra-
venously, which limits its widespread use dur-
ing the pandemic. Therefore, several oral 
analogues of remdesivir have been developed 
to address this issue, including GS-621763,12 
ATV006,13 and VV116.14,15

VV116 is a deuterated remdesivir hydrobro-
mide with oral bioavailability and potent ac-
tivity against SARS-CoV-2 in studies in ani-
mals15 and satisfactory safety and side-effect 
profiles in phase 1 trials.16 A preliminary 
small-scale study has shown a shorter viral 
shedding time in patients with Covid-19 who 
received VV116 within 5 days after the first 
positive test than in those who received reg-
ular care.17 However, the efficacy of VV116 for 
clinical recovery, symptom resolution, and 
prevention of disease progression remains 
unknown, particularly as compared with nir-
matrelvir–ritonavir. In addition, the safety 
profiles of VV116 have not been fully assessed. 
Here, we report the results of a phase 3 trial 
of VV116 as compared with nirmatrelvir– 
ritonavir for oral treatment of symptomat-
ic participants at high risk for progression 
to severe Covid-19 during the omicron out-
break.

Me thods

Trial Design and Randomization

In this multicenter, observer-blinded, random-
ized, controlled trial, symptomatic participants 
at high risk for progression to severe Covid-19 
were randomly assigned in a 1:1 ratio to receive 
either oral VV116 (600 mg every 12 hours on 
day 1 and 300 mg every 12 hours on days 2 
through 5) or oral nirmatrelvir–ritonavir (300 mg 
of nirmatrelvir plus 100 mg of ritonavir every 12 
hours for 5 days) (Fig. S1 in the Supplementary 
Appendix, available with the full text of this ar-
ticle at NEJM.org). VV116 was manufactured and 
provided by Vigonvita Life Sciences. The selec-
tion of nirmatrelvir–ritonavir as the active con-
trol for comparison with VV116 was based on 
the established superiority of nirmatrelvir–rito-
navir to placebo12 and on its recommendation as 
the standard treatment for our target population 
by the WHO guideline.11

Randomization was performed with the use 
of a centralized, interactive Web response sys-
tem. All the site investigators, site staff (except 
for those who administered the trial drugs), and 
those who were involved in end-point assess-
ments were unaware of the trial-group assign-
ments until unblinding on May 20, 2022. Par-
ticipants remained aware of the trial-group 
assignments throughout the trial. Additional 
details are provided in the Supplementary Ap-
pendix.

The data-cutoff date for the primary analysis 
was May 13, 2022, when the target number of 
primary end-point events (>724 events) was 
reached in the full analysis population. The data-
cutoff date for the final analysis was August 
18, 2022.

Trial Oversight

The trial was approved by the National Human 
Genetic Resources Committee in China and the 
institutional review board or ethics committee at 
each trial site before the start of recruitment and 
was conducted in accordance with the Declara-
tion of Helsinki and Good Clinical Practice 
guidelines. One of the sponsors, Vigonvita Life 
Sciences, designed and monitored the trial and 
collected and analyzed the data in collaboration 
with the site investigators. Safety oversight was 
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performed by Vigonvita Life Sciences and the 
institutional review board or ethics committee at 
each site. The first author drafted the manu-
script, and the writing committee revised the 
manuscript and made the decision to submit it 
for publication. All the authors had data confi-
dentiality agreements with Vigonvita Life Sci-
ences and vouch for the accuracy and complete-
ness of the data and for the fidelity of the trial 
to the protocol, available at NEJM.org.

Participants

After written informed consent was obtained, 
participants from seven hospitals in Shanghai, 
China, that were designated by the Chinese gov-
ernment for the treatment of Covid-19 were as-
sessed for eligibility between April 4, 2022, and 
May 2, 2022. Adults 18 years of age or older were 
eligible if they had mild-to-moderate Covid-19 
with a total symptom score of 2 or more as de-
termined on the basis of definitions adapted 
from the Food and Drug Administration.18 
Symptom scores range from 0 to 3 (with higher 
scores indicating greater severity) for each of 
11 symptoms; total symptom scores range from 
0 to 33 (Table S1). Other key inclusion criteria 
were a positive SARS-CoV-2 reverse-transcrip-
tase–polymerase-chain-reaction (RT-PCR) test 
with an additional finding indicating early in-
fection or high viral activity (the findings are 
listed in the Supplementary Appendix), and at 
least one risk factor for progression to severe 
Covid-19.

Key exclusion criteria were confirmed or sus-
pected severe or critical Covid-19 or an antici-
pated need for mechanical ventilation before 
randomization, an alanine aminotransferase or 
aspartate aminotransferase level that was more 
than 1.5 times the upper limit of the normal 
range, an estimated glomerular filtration rate 
(eGFR) of less than 60 ml per minute, or the use 
of contraindicated drugs listed in the package 
insert of nirmatrelvir–ritonavir. Although nir-
matrelvir–ritonavir is not contradicted in per-
sons with an eGFR of 30 to less than 60 ml per 
minute, we excluded these participants to avoid 
a potential overdose in the updated protocol 
(version 3.0; April 10, 2022). Before that date, a 
total of 38 participants with an eGFR of 30 to 
less than 60 ml per minute had been enrolled in 

the trial (16 in the VV116 group and 22 in the 
nirmatrelvir–ritonavir group). Full eligibility cri-
teria are provided in the Supplementary Appen-
dix and protocol.

Assessment

Covid-19–related symptom scores (described 
above) and scores on the WHO Clinical Progres-
sion Scale (range, 0 to 10, with higher scores 
indicating a worse clinical condition) (Table S2) 
were determined by investigators on day 1 before 
the trial-drug administration, followed by as-
sessment at approximately the same time every 
day until the resolution of Covid-19–related tar-
get symptoms or day 28, whichever was earlier. 
SARS-CoV-2 RNA from nasopharyngeal swabs 
was measured by RT-PCR assay at each site, with 
both qualitative data (positive or negative) and 
quantitative data (cycle-threshold value) obtained 
if available. More details of assessment and data 
collection are provided in the protocol.

End Points

The primary efficacy end point was the time 
from randomization to sustained clinical recov-
ery through day 28. Sustained clinical recovery 
was defined as the alleviation of all Covid-19–
related target symptoms to a total symptom 
score of 0 or 1 (range, 0 to 33, with higher 
scores indicating greater severity) for 2 consecu-
tive days. The first day of the 2-consecutive-day 
period was considered to be the event date. Sec-
ondary efficacy end points included progression 
to severe or critical Covid-19 or death from any 
cause; the change in Covid-19–related symptom 
score and the score on the WHO Clinical Pro-
gression Scale through day 28, the time to sus-
tained resolution of all target symptoms and to 
a first negative SARS-CoV-2 test, and clinical 
recovery, symptom resolution, and a negative 
SARS-CoV-2 test by prespecified days. Safety end 
points included adverse events and serious ad-
verse events, with severity determined according 
to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events, version 5.0. 
Any adverse event that emerged or worsened 
from the time of informed consent through day 
28 was actively recorded and reported for trial-
regimen recipients. Details of the end points are 
provided in the Supplementary Appendix and 
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Table S3. The primary end point was assessed in 
the primary analysis (data-cutoff date, May 13, 
2022), and the data were updated in the final 
analysis (data-cutoff date, August 18, 2022).

Statistical Analysis

The primary efficacy hypothesis was that VV116 
would be noninferior to nirmatrelvir–ritonavir 
with respect to sustained clinical recovery. Ow-
ing to the lack of data on the time to clinical 
recovery in participants with omicron infection 
treated with nirmatrelvir–ritonavir, the reference 
duration of 5.5 days was estimated on the basis 

of the duration of acute symptoms in persons 
infected with SARS-CoV-2 during the omicron 
wave19 and an overall vaccination rate of more 
than 90% in the general population in Shang-
hai.20 To satisfy the noninferiority hypothesis, 
the lower boundary of the two-sided 95% confi-
dence interval for the hazard ratio of the pri-
mary end point had to be above 0.8. The nonin-
feriority margin corresponds to a duration of 
6.875 days to sustained clinical recovery, which 
is 25% longer than 5.5 days. A minimum of 
724 events were required to ensure a statistical 
power of 85%.

Figure 1. Screening, Randomization, and Follow-up.

Participants were recruited between April 4 and May 2, 2022, from seven sites in Shanghai, China, during the out-
break of coronavirus disease 2019 (Covid-19) dominated by the B.1.1.529 (omicron) variant. The data-cutoff date for 
the final analysis was August 18, 2022.

822 Underwent randomization

997 Patients were assessed for eligibility

175 Were excluded
156 Did not meet inclusion criteria

or met exclusion criteria
18 Withdrew informed consent
1 Had other reason

411 Were assigned to receive VV116
411 Were assigned to receive

nirmatrelvir–ritonavir 

27 Did not receive VV116
25 Withdrew
2 Were nonadherent

24 Did not receive nirmatrelvir–
ritonavir

22 Withdrew
1 Was nonadherent
1 Was withdrawn by

investigator 

384 Received VV116
(full analysis set)

387 Received nirmatrelvir–ritonavir
(full analysis set)

13 Discontinued trial
2 Withdrew
1 Had poor adherence
2 Had adverse event
6 Were lost to follow-up
2 Had other reason

17 Discontinued trial
3 Withdrew
1 Had poor adherence
1 Had adverse event

12 Were lost to follow-up

367 Completed 28-day assessments 374 Completed 28-day assessments
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Table 1. Demographic and Clinical Characteristics of the Full Analysis Population.*

Characteristic
VV116 

(N = 384)
Nirmatrelvir–Ritonavir 

(N = 387)
Total 

(N = 771)

Median age at randomization (range) — yr 53.0 (18–94) 53.0 (18–91) 53.0 (18–94)

Sex — no. (%)

Male 185 (48.2) 199 (51.4) 384 (49.8)

Female 199 (51.8) 188 (48.6) 387 (50.2)

Ethnic group — no. (%)†

Han 384 (100) 385 (99.5) 769 (99.7)

Other 0 2 (0.5) 2 (0.3)

Vaccination status — no. (%)

Unvaccinated 94 (24.5) 93 (24.0) 187 (24.3)

Standard course 117 (30.5) 121 (31.3) 238 (30.9)

Boosted course 173 (45.1) 173 (44.7) 346 (44.9)

Covid-19 severity — no. (%)

Mild 355 (92.4) 355 (91.7) 710 (92.1)

Moderate 29 (7.6) 32 (8.3) 61 (7.9)

Covid-19–related symptoms

Median time from onset of first symptom to first dose (IQR) 
— days

4 (3–5) 4 (3–5) 4 (3–5)

Median total score for Covid-19–related target symptoms (IQR) 
— points‡

3.0 (3.0–5.0) 3.0 (2.0–5.0) 3.0 (2.0–5.0)

Risk factors for severe illness from Covid-19 — no. (%)

Age of ≥60 yr 144 (37.5) 147 (38.0) 291 (37.7)

Cardiovascular disease, including hypertension 129 (33.6) 142 (36.7) 271 (35.1)

Obesity§ 124 (32.3) 130 (33.6) 254 (32.9)

Current smoking 46 (12.0) 50 (12.9) 96 (12.5)

Diabetes mellitus 35 (9.1) 43 (11.1) 78 (10.1)

Chronic lung disease 21 (5.5) 23 (5.9) 44 (5.7)

Active cancer 15 (3.9) 17 (4.4) 32 (4.2)

Chronic kidney disease 2 (0.5) 9 (2.3) 11 (1.4)

Immunosuppressive disease or use of immunosuppressive 
treatment

0 1 (0.3) 1 (0.1)

Virology

Median time from first RT-PCR confirmation of SARS-CoV-2  
to first dose (IQR) — days

4 (3–5) 4 (3–5) 4 (3–5)

Median SARS-CoV-2 RNA cycle-threshold value from naso-
pharyngeal swab (IQR)¶

21.5 (18.5–25.6) 21.9 (18.9–26.1) 21.7 (18.6–25.8)

*  Shown are participants who underwent randomization and received at least one dose of VV116 or nirmatrelvir–ritonavir. Participants were 
grouped according to treatment assignment. Percentages may not total 100 because of rounding. Covid-19 denotes coronavirus disease 
2019, IQR interquartile range, RT-PCR reverse-transcriptase–polymerase chain reaction, and SARS-CoV-2 severe acute respiratory syndrome 
coronavirus 2.

†  Ethnic group was reported by the participant.
‡  Symptom scores range from 0 to 3 (with higher scores indicating greater severity) for each of 11 symptoms; total symptom scores range 

from 0 to 33.
§  Obesity was defined as a body-mass index of 25 or higher in accordance with World Health Organization (WHO) criteria for adult Asians.
¶  Data were available for 291 participants in the VV116 group and 307 participants in the nirmatrelvir–ritonavir group.
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The noninferiority hypothesis was tested in 
the full analysis population — that is, the 
modified intention-to-treat population (all the 
participants who underwent randomization and 
received at least one dose of VV116 or nirmatrel-
vir–ritonavir). Sensitivity analyses involved partici-
pants who started a trial regimen within 5 days 
after symptom onset and the per-protocol popu-
lation. The intention-to-treat population (all the 
participants who underwent randomization) was 
analyzed post hoc. Details of the analysis popu-
lations are provided in Tables S4 and S5.

For all the other efficacy analyses, data were 
analyzed in the full analysis population. The 
Kaplan–Meier method was used to estimate the 
median time to sustained clinical recovery, with 
the 95% confidence interval estimated by means 
of the Brookmeyer–Crowley method with log–
log transformation. The hazard ratio for time to 
sustained clinical recovery and its 95% confi-
dence interval were estimated with the use of the 
Cox proportional-hazards model. Data for par-
ticipants without sustained clinical recovery were 
censored on the last day on which Covid-19–
related symptoms or signs were recorded. Par-

ticipants with missing end-point data were con-
sidered to have not had clinical recovery on that 
day, and a sensitivity analysis was performed 
with the use of the multiple-imputation method. 
Subgroup analyses of the primary end point 
were prespecified to assess the consistency of 
the intervention effect. For efficacy results other 
than the primary end point in the full analysis 
population, 95% confidence intervals have not 
been adjusted for multiplicity and should not be 
used to infer treatment effects. Additional de-
tails are provided in the statistical analysis plan, 
available with the protocol.

R esult s

Participants

A total of 997 participants were screened from 
April 4 through May 2, 2022, and 822 were ran-
domly assigned to receive VV116 (411 participants) 
or nirmatrelvir–ritonavir (411 participants). Of 
these 822 participants, 741 (90.1%) completed 
28-day follow-up, 51 (6.2%) did not receive 
VV116 or nirmatrelvir–ritonavir, and 30 (3.6%) 
had discontinued the trial by the time of the fi-
nal analysis (data-cutoff date, August 18, 2022) 
(Fig. 1 and Table S6).

The characteristics of the full analysis popu-
lation at baseline were balanced between the 
VV116 group (384 participants) and the nirma-
trelvir–ritonavir group (387 participants) (Ta-
ble 1) and were largely representative of the ex-
pected patient population (Table S7). The median 
age of the participants was 53 years (interquar-
tile range, 38 to 66), and approximately half were 
women. Most participants (92.1%) had mild 
Covid-19, and three quarters were fully vacci-
nated or boosted. The most common risk factor 
for progression to severe Covid-19 at baseline 
was an age of 60 years or older (37.7%), followed 
by cardiovascular disease (including hyperten-
sion) (35.1%), a body-mass index (weight in kilo-
grams divided by the square of the height in 
meters) of 25 or higher (32.9%), current smoking 
(12.5%), and diabetes (10.1%). Most participants 
(77.3%) received trial regimens within 5 days 
after symptom onset. Medication adherence was 
similar in the two groups, with a mean (±SD) 
of 9.7±1.6 doses taken in the VV116 group and 
9.4±2.0 doses taken in the nirmatrelvir–ritonavir 

Figure 2 (facing page). Time to Sustained Clinical 
 Recovery.

Shown are the results of the final analysis (data-cutoff 
date, August 18, 2022) of the time to sustained clinical 
recovery, estimated by means of the Kaplan–Meier 
method, in the full analysis population (771 participants) 
(Panel A), per-protocol population (729 participants) 
(Panel B), and participants who started a trial regimen 
within 5 days after symptom onset (596 participants) 
(Panel C). Sustained clinical recovery was defined as 
the alleviation of all Covid-19–related target symptoms 
to a total score of 0 or 1 for the sum of each symptom 
(on a scale from 0 to 3, with higher scores indicating 
greater severity; total scores on the 11-item scale range 
from 0 to 33) for 2 consecutive days. The first day of 
the 2-consecutive-day period was considered to be the 
event date. The 95% confidence intervals were estimated 
with the use of normal approximation (Brookmeyer–
Crowley method) on the basis of log–log transforma-
tion. Hazard ratios were calculated with the use of the 
Cox proportional-hazards model. A lower boundary of 
the two-sided 95% confidence interval for the hazard 
ratio of more than 0.8 was considered to indicate non-
inferiority (with a hazard ratio of >1 suggesting that par-
ticipants receiving VV116 had a shorter time to sustained 
clinical recovery than those receiving nirmatrelvir–rito-
navir).
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group. More information on received vaccines, 
coexisting conditions, and adherence is provided 
in Tables S8, S9, and S10.

Primary End Point

In the primary analysis involving the full analy-
sis population, sustained clinical recovery oc-
curred in 377 participants in the VV116 group 
and 378 participants in the nirmatrelvir–ritona-
vir group. The hazard ratio for the time from 
randomization to sustained clinical recovery 
(VV116 vs. nirmatrelvir–ritonavir) was 1.17 (95% 
confidence interval [CI], 1.01 to 1.35; lower 
boundary, >0.8), which indicates that the non-
inferiority of VV116 to nirmatrelvir–ritonavir was 
established.

In the final analysis of this population, the 
hazard ratio for the time to sustained clinical 
recovery (VV116 vs. nirmatrelvir–ritonavir) was 
1.17 (95% CI, 1.02 to 1.36; lower boundary, 
>0.8); the estimated median time to sustained 
clinical recovery was 4 days and 5 days, respec-
tively, and the 25th percentile of the time to 
sustained clinical recovery was 4 days (95% CI, 
3 to 4) in both groups (Fig. 2A and Table 2). 
Consistent results were also found in a sensitiv-
ity analysis with imputation of missing end-
point data (hazard ratio, 1.17; 95% CI, 1.01 to 
1.35). Noninferiority of VV116 to nirmatrelvir–
ritonavir was also observed in the per-protocol 
population (Fig. 2B), among participants who 
started treatment within 5 days after symptom 
onset (Fig. 2C), and in the intention-to-treat 
population (Fig. S2). In most prespecified sub-
groups, the point estimates of the hazard ratio 
were greater than 1 regardless of age, sex, and 
vaccination status (Fig. S3).

Secondary End Points

By the time of the final analysis, no participants 
in this trial had died or had had progression to 
severe Covid-19. The estimated median time 
from randomization to sustained resolution of 
Covid-19–related target symptoms was 7 days 
(95% CI, 7 to 8) in both groups (hazard ratio, 
1.06; 95% CI, 0.91 to 1.22) (Table 2 and Fig. S4). 
The percentage of participants with sustained 
clinical recovery was higher in the VV116 group 
than in the nirmatrelvir–ritonavir group by each 
prespecified time point (Table 2). The median 
time from randomization to a first negative 

SARS-CoV-2 test was 7 days (95% CI, 6 to 7) in 
both groups (hazard ratio, 0.99; 95% CI, 0.85 to 
1.14) (Fig. S5). The percentages of participants 
with negative SARS-CoV-2 tests by prespecified 
time points and the changes in viral cycle-
threshold values and target symptom scores 
from baseline were similar in the two groups 
(Table 2 and Tables S11 and S12).

Safety

Through 28 days of follow-up, participants who 
received VV116 reported fewer adverse events 
than those who received nirmatrelvir–ritonavir 
(67.4% vs. 77.3%), as well as fewer grade 3 or 
4 adverse events (2.6% vs. 5.7%) (Table 3). Seven 
participants in the VV116 group were taking 
concomitant medications that have potential drug 
interactions with ritonavir (three were taking 
estazolam, one diazepam, and three nifedipine), 
and four of them (one taking estazolam and 
three nifedipine) had concomitant medications 
withheld during the active treatment phase. 
Seven participants in the nirmatrelvir–ritonavir 
group were taking concomitant medications that 
have potential drug interactions with ritonavir 
(three were taking estazolam and four nifedi-
pine), and three of them (one taking estazolam 
and two nifedipine) had concomitant medica-
tions withheld during the active treatment phase. 
Two serious adverse events (acute cerebral in-
farction and a deterioration of the preexisting 
interstitial lung disease) were reported in two 
participants in the nirmatrelvir–ritonavir group. 
One serious adverse event was reported in a par-
ticipant in the VV116 group who was readmitted 
for repeat positivity for SARS-CoV-2 on RT-PCR 
assay. None of the three serious adverse events 
were considered by the investigators to be related 
to the assigned drugs (Table 3). The most fre-
quently reported adverse events (occurring in ≥5% 
of the participants in either group) were dysgeu-
sia (3.6% with VV116 and 25.8% with nirmatrel-
vir–ritonavir), hypertriglyceridemia (10.7% and 
20.9%, respectively), and hyperlipidemia (3.1% 
and 9.6%) (Table S13); all these frequent adverse 
events were nonserious.

Discussion

In light of the preliminary positive findings of a 
reduction in viral shedding time among patients 
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with SARS-CoV-2 infection who were taking 
VV116,17 the current trial compared VV116 with 
nirmatrelvir–ritonavir to assess clinical end 
points and adverse events. This trial showed that 
in symptomatic adults hospitalized with mild-
to-moderate Covid-19 who were at high risk for 
severe disease, a 5-day course of oral treatment 
with VV116 was noninferior to nirmatrelvir–rito-
navir in shortening the time to sustained clinical 

recovery. This noninferiority in efficacy was seen 
in the full analysis population, the per-protocol 
population, and in participants who started 
treatment within 5 days after symptom onset. 
The point estimates of secondary end points also 
suggested that VV116 was better than or similar 
to nirmatrelvir–ritonavir with respect to the 
time to sustained symptom resolution and to a 
first negative SARS-CoV-2 test. No participants 

Table 2. Primary and Secondary Efficacy End Points (Full Analysis Population).*

End Point
VV116 

(N = 384)
Nirmatrelvir–Ritonavir 

(N = 387)

Primary end point†

25th percentile of time to sustained clinical recovery (95% CI) — days 4.0 (3.0–4.0) 4.0 (3.0–4.0)

Median time to sustained clinical recovery — days 4.0 5.0

Hazard ratio vs. nirmatrelvir–ritonavir (95% CI)‡ 1.17 (1.02–1.36) —

Secondary end points

Progression to severe Covid-19 or death by day 28 — no. (%) 0 0

Median time to sustained symptom resolution (95% CI) — days§ 7.0 (7.0–8.0) 7.0 (7.0–8.0)

Hazard ratio vs. vs. nirmatrelvir–ritonavir (95% CI)‡ 1.06 (0.91–1.22) —

Clinical recovery — no. (%)

By day 5 255 (66.4) 223 (57.6)

By day 7 331 (86.2) 316 (81.7)

By day 10 362 (94.3) 356 (92.0)

By day 14 374 (97.4) 374 (96.6)

By day 28 378 (98.4) 378 (97.7)

Symptom resolution — no. (%)

By day 5 109 (28.4) 94 (24.3)

By day 7 207 (53.9) 191 (49.4)

By day 10 283 (73.7) 276 (71.3)

By day 14 334 (87.0) 334 (86.3)

By day 28 364 (94.8) 370 (95.6)

SARS-CoV-2 clearance — no. (%)

By day 5 186 (48.4) 183 (47.3)

By day 7 288 (75.0) 275 (71.1)

By day 10 337 (87.8) 345 (89.1)

By day 14 364 (94.8) 358 (92.5)

*  The primary end point was assessed in the primary analysis (data-cutoff date, May 13, 2022), and the data were updated in the final analy-
sis (data-cutoff date, August 18, 2022). The updated data are reported here. Participants were those who underwent randomization and 
received at least one dose of VV116 or nirmatrelvir–ritonavir. Participants were grouped according to treatment assignment. CI denotes 
confidence interval.

†  Sustained clinical recovery was defined as the alleviation of all Covid-19–related target symptoms to a total score of 0 or 1 for the sum of 
each symptom (on a scale from 0 to 3, with higher scores indicating greater severity; total scores on the 11-item scale range from 0 to 33) 
for 2 consecutive days. The first day of the 2-consecutive-day period was considered to be the event date.

‡  Hazard ratios were calculated by means of a Cox proportional-hazards model. A hazard ratio of more than 1 suggests that participants re-
ceiving VV116 had a shorter time to sustained clinical recovery or sustained symptom resolution than those receiving nirmatrelvir–ritonavir.

§  Sustained symptom resolution was defined as a score of 0 for each of the 11 Covid-19–related target symptoms for 2 consecutive days.
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in either group died or had progression to severe 
or critical Covid-19. Participants in the VV116 
group had a lower incidence of adverse events 
than those in the nirmatrelvir–ritonavir group.

The administration of oral antiviral agents 
is feasible early in infection. Such therapies, if 
given promptly, could help mitigate hospital-
ization burden, facilitate postexposure pro-
phylaxis, and potentially minimize household 
transmission.

This trial was performed in Shanghai, China, 
during an outbreak of Covid-19 (March through 
June 2022) involving more than 600,000 infec-
tions.21 SARS-CoV-2 genomic analysis of speci-
mens from 129 patients in this period showed 
the BA.2.2 sublineage in all of them,20 which 
suggests that the major variant involved in our 
trial was omicron. In this population, the me-
dian time to sustained clinical recovery or symp-
tom resolution in both trial groups was shorter 

than those reported in other trials, such as those 
evaluating REGEN-COV (14 days)22 and bamla-
nivimab with or without etesevimab (8 days).23

Another feature of this trial is that 75.7% of 
the participants had been vaccinated against 
SARS-CoV-2, which reflects the current reality of 
population immunity; vaccinated persons have 
been excluded from most trials, given the rapidly 
changing landscape of the Covid-19 response.8 
Therefore, we prespecified and conducted sub-
group analyses according to vaccination status. 
The results were similar in participants with 
previous vaccination and those without previous 
vaccination. Recent studies have shown that 
treatment with nirmatrelvir–ritonavir in vacci-
nated patients with Covid-19 is associated with a 
reduced risk of hospitalization or progression to 
severe Covid-19, as well.24-26

In this trial, fewer adverse events occurred in 
the VV116 group than in the nirmatrelvir–rito-

Table 3. Adverse Events (Safety Population).*

Adverse Event
VV116 

(N = 384)
Nirmatrelvir–Ritonavir 

(N = 387)

no. of participants (%)

Adverse events overall

Any adverse event 259 (67.4) 299 (77.3)

Adverse event with maximum grade of ≥3† 10 (2.6) 22 (5.7)

Serious adverse event‡ 1 (0.3) 2 (0.5)

Adverse event leading to discontinuation of trial regimen 6 (1.6) 9 (2.3)

Adverse event leading to dose reduction or temporary discontinuation  
of trial regimen

5 (1.3) 4 (1.0)

Adverse events considered by the investigator to be related to the assigned 
regimen

Any adverse event 199 (51.8) 260 (67.2)

Adverse event with maximum grade of ≥3† 7 (1.8) 20 (5.2)

Serious adverse event 0 0

Adverse event leading to discontinuation of trial regimen 6 (1.6) 9 (2.3)

Adverse event leading to dose reduction or temporary discontinuation  
of trial regimen

4 (1.0) 4 (1.0)

*  Shown are results (data-cutoff date, August 18, 2022) for all the adverse events as coded according to the Medical 
Dictionary for Regulatory Activities, version 25.0, from the time of consent through 28-day follow-up. Participants were 
those who received at least one dose of VV116 or nirmatrelvir–ritonavir as grouped according to actual intervention.

†  Severity grades were defined according to the National Cancer Institute Common Terminology Criteria for Adverse 
Events (NCI CTCAE), version 5.0. For events not listed in the NCI CTCAE, version 5.0, severity was determined accord-
ing to prespecified criteria listed in the protocol.

‡  Serious adverse events included readmission for a newly positive RT-PCR result for SARS-CoV-2 (one participant in the 
VV116 group), acute cerebral infarction (one participant in the nirmatrelvir–ritonavir group), and deterioration of preex-
isting interstitial lung disease (one participant in the nirmatrelvir–ritonavir group). None of the events were considered 
by the investigator to be related to the assigned regimen.
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navir group. Unlike nirmatrelvir–ritonavir, which 
has drug–drug interactions with multiple medi-
cations,9 VV116 does not inhibit or induce major 
drug-metabolizing enzymes or inhibit major 
drug transporters, so interaction with concomi-
tant medications is less likely. Transient dysgeu-
sia was reported in one quarter of the partici-
pants receiving nirmatrelvir–ritonavir in this 
trial, a proportion higher than that previously 
reported in the EPIC-HR (Evaluation of Protease 
Inhibition for Covid-19 in High-Risk Patients) 
trial (5.6%)9; this adverse event warrants more 
attention in future trials. In addition, the inci-
dence of dyslipidemia was relatively high among 
both nirmatrelvir–ritonavir recipients and VV116 
recipients. Although this adverse reaction has 
been noted with long-term use of ritonavir in 
patients with human immunodeficiency virus 
infection,27 the possible effect of nirmatrelvir or 
VV116 on lipid metabolism needs further inves-
tigation.

The trial has several limitations. First, we 
were not able to conduct this trial with a double-
blind and double-dummy design because the 
production of the placebo tablet for nirmatrel-
vir–ritonavir was not completed before the trial 
began owing to the omicron outbreak. Second, 
the trial involved Chinese adults infected with 
omicron subvariants in a single geographic area, 
so the results require validation in more hetero-
geneous populations with greater diversity of 
viral variants. Third, it is possible that symp-
toms could have recurred after 2 consecutive 
days without symptoms. Fourth, the WHO ordi-
nal scale that was used to evaluate outcomes was 
not ideal for detecting differences among par-

ticipants with mild Covid-19, especially when 
discharge decisions may be driven by factors 
other than clinical improvement. Fifth, no con-
clusions can be made about the efficacy of 
VV116 for the prevention of progression to se-
vere or critical Covid-19 or death, because no 
events occurred in either group. Possible effi-
cacy for this outcome is planned to be evalu-
ated in a separate trial (ClinicalTrials.gov num-
ber, NCT05242042). Sixth, we did not recognize 
SARS-CoV-2 rebound after nirmatrelvir–ritonavir 
treatment until the release of the Centers for 
Disease Control and Prevention advisory on 
May 24, 2022.28 Data on such rebounds were 
very limited and not suitable for analysis in our 
trial.

In this trial, early administration of oral 
VV116 was noninferior to nirmatrelvir–ritonavir 
in shortening the time to sustained clinical re-
covery in participants with mild-to-moderate 
Covid-19 who were at high risk for progression 
to severe disease. VV116 also had fewer safety 
concerns than nirmatrelvir–ritonavir.
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