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Summary
Background GST-HG171 is a potent, broad-spectrum, orally bioavailable small-molecule 3C like protease inhibitor
that has demonstrated greater potency and efficacy compared to Nirmatrelvir in pre-clinical studies. We aimed to
evaluate the efficacy and safety of orally administered GST-HG171 plus Ritonavir in patients with coronavirus
disease 2019 (COVID-19) infected with emerging XBB and non-XBB variants.

Methods This randomised, double-blind, placebo-controlled phase 2/3 trial was conducted in 47 sites in China among
adult patients with mild-to-moderate COVID-19 with symptoms onset ≤72 h. Eligible patients were randomised 1:1
to receive GST-HG171 (150 mg) plus Ritonavir (100 mg) or corresponding placebo tablets twice daily for 5 days, with
stratification factors including the risk level of disease progression and vaccination status. The primary efficacy
endpoint was time to sustained recovery of clinical symptoms within 28 days, defined as a score of 0 for 11
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COVID-19-related target symptoms for 2 consecutive days, assessed in the modified intention-to-treat (mITT)
population. This trial was registered at ClinicalTrials.gov (NCT05656443) and Chinese Clinical Trial Registry
(ChiCTR2200067088).

Findings Between Dec 19, 2022, and May 4, 2023, 1525 patients were screened. Among 1246 patients who underwent
randomisation, most completed basic (21.2%) or booster (74.9%) COVID-19 immunization, and most had a low risk
of disease progression at baseline. 610 of 617 who received GST-HG171 plus Ritonavir and 603 of 610 who received
placebo were included in the mITT population. Patients who received GST-HG171 plus Ritonavir showed shortened
median time to sustained recovery of clinical symptoms compared to the placebo group (13.0 days [95.45%
confidence interval 12.0–15.0] vs. 15.0 days [14.0–15.0], P = 0.031). Consistent results were observed in both
SARS-CoV-2 XBB (45.7%, 481/1053 of mITT population) and non-XBB variants (54.3%, 572/1053 of mITT
population) subgroups. Incidence of adverse events was similar in the GST-HG171 plus Ritonavir (320/617,
51.9%) and placebo group (298/610, 48.9%). The most common adverse events in both placebo and treatment
groups were hypertriglyceridaemia (10.0% vs. 14.7%). No deaths occurred.

Interpretation Treatment with GST-HG171 plus Ritonavir has demonstrated benefits in symptom recovery and viral
clearance among low-risk vaccinated adult patients with COVID-19, without apparent safety concerns. As most
patients were treated within 2 days after symptom onset in our study, confirming the potential benefits of
symptom recovery for patients with a longer duration between symptom onset and treatment initiation will
require real-world studies.

Funding Fujian Akeylink Biotechnology Co., Ltd.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
We searched PubMed with the terms (“3C-like protease” OR
“main protease”) AND (COVID-19 OR SARS-CoV-2) AND (phase
3) and filters of (clinical trial OR randomised controlled trial) for
articles published in any language up to Mar 1, 2024. Our
search identified 4 results, including the phase 2/3 trial
indicating the efficacy of Nirmatrelvir in high-risk, non-
hospitalized patients with coronavirus disease 2019 (COVID-19)
for preventing disease progression, and the phase 2/3 trial
indicating the efficacy of Ensitrelvir in mild-to-moderate
COVID-19 patients regarding the recovery of 5 specific fever
and respiratory symptoms. Also, this study was designed based
on the evidence obtained from the discovery and early clinical
development of GST-HG171. GST-HG171 showed more potent
and effective antiviral activity than Nirmatrelvir in pre-clinical
studies, and a favorable pharmacokinetic characteristics and
excellent safety profile in phase 1 clinical trial.

Added value of this study
GST-HG171 plus Ritonavir significantly reduced the time to
achieve overall recovery from 11 COVID-19 target symptoms

and to clear the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) virus in adult patients with mild-
to-moderate COVID-19, whether or not they had risk factors
for disease progression. Importantly, this study was
conducted during the emergence of recent Omicron variants,
particularly XBB. Consistent effectiveness of GST-HG171 plus
Ritonavir in both XBB- and non-XBB-infected sub-
populations was demonstrated in this trial.

Implications of all the available evidence
GST-HG171 plus Ritonavir demonstrated significant efficacy
compared with a placebo regimen in overall symptom
recovery for COVID-19 caused by emerging Omicron variants,
including the most recent XBB subtypes. While the short time
period between symptom onset and treatment initiation in
our study may not fully represent all clinical scenarios in the
real world, GST-HG171, as an orally administered, broad-
spectrum anti-COVID-19 drug, provides substantial value in
combatting the pandemic, especially with continuously
evolving SARS-CoV-2 variants.
Introduction
The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has continued to evolve during the coro-
navirus disease 2019 (COVID-19) pandemic, leading to
a compromised efficacy of vaccines and neutralizing
monoclonal antibodies.1,2 As of August 2023, most of the
new COVID-19 cases worldwide were caused by SARS-
CoV-2 Omicron variants,3−6 particularly by the Omicron
www.thelancet.com Vol 71 May, 2024
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XBB variants in China as reported by Chinese Center
for Disease Control and Prevention.7 Although symp-
toms associated with Omicron infections are generally
less severe than the preceding strains,8,9 the risk of
disease progressing to hospitalization and deaths re-
mains, especially in immune-deficient or compromised,
or elderly population with chronic diseases. In addition,
the risk of long-term consequence (i.e., long Covid)
caused by continuously emerging variants is also un-
predictable. Therefore, broad-spectrum, and more
effective and safer antiviral small-molecule drugs tar-
geting the intrinsic and more conserved viral replication
cycle are still in urgent need to combat the outbreak of
the emerging Omicron variants and to treat patients
with COVID-19 across all risk levels.10–13

Several drugs have undergone evaluation and shown
significant clinical benefits in patients with COVID-19.14

Most previous trials used hospitalization or death as the
primary endpoint, such as the MOVE-OUT trial for
Molnupiravir, the EPIC-HR trial for Nirmatrelvir plus
Ritonavir, and the TOGETHER trial for fluvoxamine.10,11,15

As the mortality rate has significantly decreased with the
emergence of recent Omicron variants, however, there
has been a shift in focus towards outcomes related to
clinical symptoms. Among drugs evaluated for symp-
toms related outcomes, Nirmatrelvir plus Ritonavir (in
the EPIC-SR trial) did not show benefits.16 The PANO-
RAMIC trial and the PRINCIPLE trial exhibited benefits
in symptom recovery for Molnupiravir and budesonide,
respectively,17,18 yet both were evaluated in open-label
trials. The SCORPIO-SR trial demonstrated efficacy for
a 3C-like (3CL) protease inhibitor Ensitrelvir with the
time to resolution of 5 characteristic symptoms short-
ened.19 VV116, an RNA-dependent RNA polymerase
(RdRp) inhibitor approved in China, was evaluated
among adults with mild-to-moderate COVID-19, estab-
lishing non-inferior efficacy to Nirmatrelvir plus Ritona-
vir and demonstrating superiority to placebo with respect
to the time to sustained clinical recovery.12,20 Simnotrelvir
and Leritrelvir are 3CL protease inhibitors recently
approved in China, both of which shortened the time to
sustained resolution of COVID-19 symptoms compared
to placebo in their phase III trials.21,22 However, the trials
mentioned above were all conducted before the 2023
Omicron XBB wave in China.20–22 To date, evidence of
efficacy on symptom recovery for orally administrated
antiviral drugs in mild-to-moderate COVID-19 remains
limited, and no evidence of efficacy has been reported in
patients infected with emerging XBB variants.

GST-HG171 (known as Atilotrelvir) is a novel, potent,
broad-spectrum, orally administered small-molecule in-
hibitor targeting SARS-CoV-2 3CL protease. It demon-
strated superior antiviral activities compared to
Nirmatrelvir in pre-clinical studies both in vitro and
in vivo.20 Additionally, GST-HG171 exhibits favorable
pharmacokinetic characteristics and has demonstrated an
excellent safety profile in both pre-clinical studies and
www.thelancet.com Vol 71 May, 2024
phase 1 clinical trials with healthy subjects (ClinicalTrials.
gov number, NCT05668897).23,24 Ritonavir, a known cy-
tochrome P450 family 3 subfamily A member 4
(CYP3A4) inhibitor, was found to increase plasma expo-
sure of GST-HG171 significantly in healthy subjects
when taken together with GST-HG171.24 In this pivotal
phase 2/3 study, we aimed to evaluate the efficacy and
safety of GST-HG171 plus Ritonavir in patients with
mild-to-moderate COVID-19 infected with emerging
Omicron XBB and non-XBB variants. Based on the re-
sults of this study, GST-HG171 plus Ritonavir has been
conditionally approved by the Chinese National Medical
Products Administration (NMPA) for treating adult pa-
tients with mild to moderate COVID-19.
Methods
Study design and participants
This multicenter, randomised, double-blind, placebo-
controlled phase 2/3 trial evaluating the efficacy and
safety of orally administered GST-HG171 plus Ritonavir
in adult patients with mild-to-moderate COVID-19 was
done at 47 sites in China.

The trial was designed and monitored by the prin-
cipal investigators and the sponsor, Fujian Akeylink
Biotechnology Co., Ltd. Data were collected by the in-
vestigators and site personnel, analyzed by statisticians
employed by the sponsor, and interpreted by the au-
thors. Safety oversight was performed by the sponsor,
the IRB/EC at each site, and an independent Data and
Safety Monitoring Board (DSMB). All the data were
available to all the authors, who vouch for the accuracy
and completeness of the data and for the fidelity of the
trial to the protocol, which is available online.

Eligible patients were required to be adults aged ≥18
years with mild-to-moderate COVID-19, regardless of
previous SARS-CoV-2 infection and risk factors for pro-
gression to severe diseases25; with a positive result of
SARS-CoV-2 reverse transcription-polymerase chain re-
action (RT-PCR) test detected within 5 days and at least 2
of the 11 COVID-19-related target symptoms (Appendix p
10) onset within 72 h before randomisation. Key exclu-
sion criteria were diagnosed as severe or critical COVID-
19, prior (within 28 days before randomisation) or plan-
ned receipt of COVID-19 vaccine, prior COVID-19
treatment with antiviral drugs within 14 days before
randomisation, monoclonal antibodies, human immu-
noglobulin, or convalescent plasma, and use of drugs
with possible drug interaction risks. Full eligibility
criteria and representative drugs with possible drug
interaction risks are provided in the Appendix (pp 4–8).
Sex data were collected from self-report.

Important changes of eligibility criteria across pro-
tocol amendment included:

1) Time from onset of symptoms to randomisation
(within 48 h in protocol Version 1.3 was changed to
3
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within 72 h in protocol Version 1.4/1.5), and time
from first positive SARS-CoV-2 result to random-
isation (within 4 days in protocol Version 1.3 was
changed to within 5 days in protocol Version 1.4/
1.5). These eligibility criteria were modified to bet-
ter adapt to current clinical reality of COVID-19
infection for facilitating recruitment;

2) Time of excluding prior vaccinations (excluding
vaccinations within 3 months prior to randomiza-
tion in protocol Version 1.3/1.4 was changed to
excluding vaccinations within 28 days prior to
randomization). The reason for the change is to
expand the eligible population of the study to
include the patients who received the vaccinations
for over 28 days, but still got infected by SARS-
CoV2. The patients who receive vaccinations, but
still get infections may also benefit from the treat-
ment of GST-HG171.

A full discussion on changes to eligibility criteria
during protocol amendment is provided in the
Appendix (pp 5–6), and the complete record of protocol
revision is provided in the protocol (pp 7–17).

Ethics
This study was conducted in accordance with the
principles of the Declaration of Helsinki, the Good
Clinical Practice guidelines, and other applicable reg-
ulations and guidelines. The study was reviewed and
approved by the Chinese NMPA (reference number:
CXHL2200684, CXHL2200685), and the institutional
review board (IRB) or ethics committee (EC) at each
participating site listed in the Appendix (p 2) before the
start of recruitment. Written informed consent was
obtained from all patients or their legally acceptable
representatives.

Randomisation and masking
Eligible patients were randomly assigned in a 1:1 ratio to
either the GST-HG171 plus Ritonavir group or the pla-
cebo group. Randomisation was stratified according to
the presence of a high-risk factor of progression to se-
vere disease (yes vs. no) and COVID-19 vaccination
status (incomplete basic immunization, completed basic
immunization, or completed booster immunization).
The randomisation list was prepared by a randomisation
statistician not involved in the trial using the PLAN
procedure of SAS version 9.4, and the random number
of the patient was generated by the randomisation stat-
istician using the stratified block randomisation
method. Investigators were responsible for participant
enrollment and intervention assignment according to
the random number. The Interactive Web Response
System (IWRS) with patient random allocation table
imported by the randomisation statistician was used to
patient assignment. Patients, investigators, sponsor, and
other involved personnel remained blinded to the
treatment assignments until the end of the study, except
for the independent DSMB established to assess the
efficacy and safety data of study treatment.

Procedures
Patients received either GST-HG171 (150 mg/dose,
Fujian Cosunter Pharmaceutical Co., Ltd.) plus Ritona-
vir (100 mg/dose, Jiangsu Sinotherapeutics Co., Ltd.) or
placebo for GST-HG171 (Fujian Cosunter Pharmaceu-
tical Co., Ltd.) plus Ritonavir placebo (Ascletis Phar-
maceutical Co., Ltd.) tablets, administered orally twice
daily for 5 days (10 doses in total). Tablets in the two
intervention groups have identical appearance. Clinical
assessments were performed mainly by daily COVID-
19-related symptom scores (Appendix p 10, including 11
target symptoms and 3 other symptoms, as reported by
patients) until day 28. Virology assessments were per-
formed using both qualitative and quantitative SARS-
CoV-2 RT-PCR assay by Teddy Clinical Research Labo-
ratory (Wuxi) (Jiangsu, China) with nasopharyngeal
swabs collected at baseline and on pre-specified days
(due to protocol amendment, compulsory nasopharyn-
geal swabs were collected at day 3, day 4 and day 5 per
protocol Version 1.3, and day 4 per protocol Version 1.4
and 1.5) following the treatment. Patients were followed
up for safety throughout the 28-day assessment. More
details of assessments were provided in the Appendix
pp 62–65. The study design schematic was provided in
the Appendix (p 25).

Outcomes
The primary efficacy endpoint was time to sustained
recovery of clinical symptoms within 28 days after
treatment. Key secondary efficacy endpoints included
changes in viral load from baseline to day 4, time to
sustained recovery of fever and respiratory symptoms
(i.e., cough, congestion or runny nose, sore throat or dry
throat, shortness of breath or difficulty breathing) within
28 days, and time to negative conversion of SARS-CoV-2
nucleic acid within 28 days. Other secondary efficacy
endpoints included time to sustained relief of clinical
symptoms within 28 days, area under the viral load-time
curve (AUC) within 14 days, clinical symptom score-
time AUC within 14 days, percentage of COVID-19
progression (defined as progression to severe/critical
COVID-19 or all-cause mortality) and sustained recovery
of clinical symptoms by visits, and changes in the scores
of COVID-19 symptoms and chest CT scan from base-
line. Sustained recovery or relief of clinical symptoms
was defined as the score of 0 or 1 for all COVID-19-
related target symptoms for 2 consecutive days, with
the event date defined as the first day of the 2 consec-
utive days. Safety endpoints included the incidence of
adverse events and serious adverse events, as well as any
clinically significant abnormality of vital signs, physical
examination, laboratory tests, and electrocardiograms
during the study.
www.thelancet.com Vol 71 May, 2024
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To streamline the PCR test sample collection during
the initial 7 days of the study, ensuring better patient
compliance, and also considering the observed peak
effect of viral load reduction around day 4, as reported
by Ensitrelvir treatment,13 we modified the sampling
time points. In Protocol Version 1.3, sampling occurred
at day 3, 4, 5, and 7, which was revised to day 4 and 7 in
Protocol Version 1.4/1.5 during the first week of the
study. Accordingly, the key secondary endpoint evalu-
ating changes in viral load from baseline to day 5 in
Protocol Version 1.3 was adjusted to day 4 in Protocol
Version 1.4/1.5. Moreover, to better assess the effect on
viral clearance, the time to negative conversion of SARS-
CoV-2 nucleic acid within 28 days was highlighted as an
additional key secondary endpoint in Protocol Version
1.4/1.5.

Statistics
Approximately 1200 patients (1:1 ratio, 600 in each
group) were planned to be enrolled in this study, of
which 960 patients and 856 events were expected to be
analyzed to ensure a power of 90% under the signifi-
cance criterion with the one-sided of 0.0238 (two
interim analyses require partial alpha spent) to detect
the assumed difference in the median time to sustained
recovery of clinical symptoms between GST-HG171 and
placebo (8 days vs. 10 days).

Two interim analyses and a final analysis were
planned to be performed for this study. The first interim
analysis was the unblinded safety review and pre-
liminary efficacy observation by DSMB for the first 100
patients (sentinel cohort). The second interim analysis
took place when about 70% of the expected events (i.e.,
sustained recovery of clinical symptoms) occurred to
provide support info for recommendation made by
DSMB, which was to continue the study with original
sample size. Here we report the final analysis performed
after the last patient had completed the last assessment.
The boundary value generated by the Lan-DeMets
spending function method to approximate O’Brien-
Fleming26,27 was used to control class I errors (α < 0.05
for a two-sided test).

All efficacy analysis were performed in the modified
intention-to-treat (mITT) population that were
confirmed to be positive for SARS-CoV-2 nucleic acid by
RT-PCR at baseline, non-positive for influenza virus,
and had at least 1 visit from post-baseline to day 28 (see
Appendix p 12 for definitions of all analysis pop-
ulations). The primary analysis compared the median
time to sustained recovery of clinical symptoms in the
two groups using the Kaplan–Meier method and the log-
rank test or Peto–Peto test (only if the proportional
hazard assumption was not met) adjusted for random-
isation factors (using the treatment group as a group
variable, tests are stratified on the 6 levels stratum based
on 2 stratification factors, and the patients’ data were
presented separately as 2 Kaplan–Meier curves under
www.thelancet.com Vol 71 May, 2024
each stratum. After adjusting for the effects of the two
stratification factors, a log-rank/Peto–Peto test of ho-
mogeneity of the 2 curves was performed), with the
hazard ratio (HR, investigational group/placebo group)
calculated by the Cox regression model and corrected by
randomisation factors. Same method was used in all
time-to-event analyses for secondary endpoints. Several
supplementary analyses and sensitivity analyses were
also performed to assess the robustness of the primary
analysis results (Appendix p 9). Changes in viral load
from baseline were estimated using the analysis of
covariance (ANCOVA) with the log10-transformed viral
load as the dependent variable, the treatment group as
the independent variable, and the randomisation factors
and baseline viral load as the covariates. Viral rebound
was analyzed in the mITT population and defined as a
re-positive status after negative conversion of SARS-
CoV-2 nucleic acid. Subgroups analysis was planned
based on sex, age category, severity, COVID-19 vacci-
nation status (yes [complete basic immunization vs.
complete booster immunization] vs. no) and presence of
high-risk factor of progression to severe illness. In
addition to pre-specified subgroup analyses, we con-
ducted post hoc subgroup analysis according to SARS-
CoV-2 variants (XBB vs. non-XBB) for the primary
endpoint and two key secondary endpoints (i.e., change
in viral load and time to SARS-CoV-2 negative conver-
sion). Safety analyses were done in all patients who had
received at least one dose of drug or placebo (safety
population). Adverse events were coded according to the
Medical Dictionary for Regulatory Activities (MedDRA)
version 26.0, from the time of consent through 28-day
follow-up or early withdrawal.

Statistical analyses were done using SAS version 9.4.
Full statistical analysis plan (SAP) was provided online.
This study is registered with ClinicalTrials.gov,
NCT05656443, and Chinese Clinical Trial Registry,
ChiCTR2200067088.

Role of the funding source
The study sponsor (funding source) participated in
study design, data collection, data analysis, data inter-
pretation, writing of the report, and the decision to
submit the paper for publication.
Results
Between Dec 19, 2022 and May 4, 2023, a total of 1525
patients were screened at 47 sites in China (Fig. 1). The
pre-specified sample size was reached before the study
ended. 1246 eligible patients were enrolled and under-
went randomisation (623 assigned to each group), of
whom 19 (1.5%) were not dosed (mostly due to volun-
tary withdrawal), 617 received GST-HG171 plus Rito-
navir, and 610 received placebo; 1209 (97.0%) completed
the 28-day assessment and 37 (3.0%) discontinued the
trial (Appendix p 13). All patients received GST-HG171
5

http://ClinicalTrials.gov
http://www.thelancet.com


 1525 patients assessed for eligibility 

 279 ineligible 
            1 lost to follow up 
        241 not meet the inclusion criteria 
               or met the exclusion criteria 
          35 withdrew 
            2 other reason 

 1246 enrolled and randomised 

623 assigned to receive 
placebo 

623 assigned to receive  
GST-HG171 plus ritonavir 

617 received GST-HG171 plus ritonavir 
617 included in safety analysis 

610 received placebo 
610 included in safety analysis 

6 not dosed 
   5 withdrew 
   1 other reason 

13 not dosed 
       1 lost to follow up 
     10 withdrew 
       2 had other reason 

7 excluded from analysis 
   5 negative SARS-CoV-2 at baseline 
   1 positive influenza virus at baseline 
   1 had no post-baseline records 

610 included in primary analysis 603 included in primary analysis 

7 excluded from analysis 
   7 negative SARS-CoV-2 at baseline 

Fig. 1: CONSORT Flow chart of participants.
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plus Ritonavir or placebo were included in safety anal-
ysis population; 610 received GST-HG171 plus Ritona-
vir and 603 received placebo were included in the mITT
population and assessed for the primary endpoint.
Among 14 patients who were excluded from mITT
population, 12 patients had negative results of SARS-
CoV-2 RT-PCR test at baseline, one patient had no
post-baseline records, and one patient had positive
result of influenza virus test at baseline.

Patient characteristics at baseline were balanced be-
tween the two groups among 1227 patients in the full
analysis population (Table 1). The mean age was 34.5
years (standard deviation [SD] 11.04); 538 (43.8%) pa-
tients were male, and 1223 (99.7%) patients were Asian.
Most patients completed basic (260 of 1227, 21.2%) or
booster (919 of 1227, 74.9%) COVID-19 immunization
and had mild COVID-19 (1132 of 1227, 92.3%), with a
mean total score for all COVID-19-related target symp-
toms of 9.4 points (SD 4.15) at baseline. 1090 (88.8%)
patients were free from high-risk factors of disease
progression at baseline. Therefore, most of the patients
in this study was low-risk, vaccinated population. All
patients with SARS-CoV-2 viral sequence data were
infected by the SARS-CoV-2 Omicron strain, including
484 (39.4%) infected by the XBB strains and 572 (46.6%)
infected by the Non-XBB strains. Among 1053 patients
with SARS-CoV-2 viral sequence data in the mITT
population, 481 (45.7%) were infected by the XBB
strains and 572 (54.3%) were infected by the Non-XBB
strains (more information on viral strains provided in
Appendix p 14). Patients received the first dose at an
average of 2.1 days (SD 0.87) after COVID-19 symptom
onset, with similar medication adherence in the two
groups.

In the primary efficacy analysis based on the mITT
population, sustained recovery of clinical symptoms
occurred in 495 (81.1%) of 610 patients in the GST-
HG171 plus Ritonavir group and 469 (77.8%) of 603
patients in the placebo group, with the estimated me-
dian time to be 13.0 days (95.45% confidence interval
[CI] 12.0–15.0) and 15.0 days (14.0–15.0), respectively,
showing a significant 2-day decrease vs. placebo under
the treatment (P = 0.031; HR 1.15 [95.45% CI
1.01–1.31]) (Fig. 2A and Appendix pp 15–17). Consistent
results were also observed in sensitivity analyses, sup-
plementary analyses (Appendix pp 15–17), and all the
subgroups analyses regardless of sex, age, high-risk
factors of severe disease, COVID-19 severity, vaccina-
tion status, and SARS-CoV-2 strains at baseline
(Fig. 2C). Based on post hoc analysis, in the subgroup of
patients infected by SARS-CoV-2 XBB variants, the
median time to sustained recovery of clinical symptoms
decreased by 2 days (11.0 days [95% CI 10.0–13.0] vs.
13.0 days [12.0–14.0], HR 1.20 [95% CI 0.98–1.46])
(Fig. 2B and Appendix pp 18–20). As for sustained relief
of clinical symptoms (scores ≤1), the estimated median
www.thelancet.com Vol 71 May, 2024
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Characteristic GST-HG171 plus Ritonavir (N = 617) Placebo (N = 610)

Age at randomisation, years 34.3 (10.76) 34.7 (11.31)

Sex

Male 282 (45.7%) 256 (42.0%)

Female 335 (54.3%) 354 (58.0%)

Raceb

Asian 615 (99. 7%) 608 (99.7%)

Other 2 (0.3%) 2 (0.3%)

COVID-19 vaccination status

Incomplete basic immunization 23 (3.7%) 25 (4.1%)

Completed basic immunization 132 (21.4%) 128 (21.0%)

Completed booster immunization 462 (74.9%) 457 (74.9%)

COVID-19 severity

Mild 574 (93.0%) 558 (91.5%)

Moderate 43 (7.0%) 52 (8.5%)

COVID-19-related symptoms

Time from first symptom to first dose, days 2.1 (0.87) 2.1 (0.87)

Total score for all COVID-19–related target symptoms, points 9.4 (4.20) 9.5 (4.10)

High-risk factor of progression to severe disease

No risk factor 548 (88.8%) 542 (88.9%)

At least one risk factor 69 (11.2%) 68 (11.1%)

Elderly people aged >60 yr 20 (3.2%) 21 (3.4%)

Underlying diseases 33 (5.3%) 29 (4.8%)

Obesityc 24 (3.9%) 29 (4.8%)

Heavy smokers 3 (0.5%) 7 (1.1%)

Immune deficiency 1 (0.2%) 0

Virology

Baseline SARS-CoV-2 nucleic acid by RT-PCR

Positive 612 (99.2%) 603 (98.9%)

Negative 5 (0.8%) 7 (1.1%)

SARS-CoV-2 virus straind

Non-XBB 303 (49.1%) 269 (44.1%)

XBB 233 (37.8%) 251 (41.1%)

COVID-19, coronavirus disease 2019; SD, standard deviation; RT-PCR, reverse-transcriptase-polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2. aShown are data for all patients who underwent randomisation and received at least one dose of GST-HG171 plus Ritonavir or Placebo. Patients were grouped
according to treatment assignment. Data are mean (SD) or n (%). bRace was reported by the patients. cObesity was defined by a body-mass index of 30 or higher. d“Non-
XBB” includes Omicron BA.5.2, BF.7, BQ.1 and other variants. “XBB” includes several lineages of Omicron XBB strain. See Appendix p14 for details.

Table 1: Demographic and clinical characteristics of the full analysis population.a
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time was 5.0 days (95% CI 5.0–6.0) and 6.0 days
(5.0–6.0) in the GST-HG171 plus Ritonavir and placebo
group, respectively (HR 1.13 [95% CI 1.00–1.29])
(Appendix pp 18–20, 26).

Besides the overall symptom recovery, fever and
respiratory symptoms, as the most representative
symptoms of Omicron infection, also recovered faster in
the GST-HG171 plus Ritonavir group with the esti-
mated median time to sustained recovery to be 13.0 days
(95.45% CI 11.0–14.0) compared to 14.0 days
(13.0–15.0) in the placebo group (P = 0.0021; HR 1.13
[95.45% CI 0.99–1.29]) (Appendix pp 18–20, 27).
Moreover, time to sustained recovery of each single
respiratory symptom including cough, congestion or
runny nose, and sore throat or dry throat, was signifi-
cantly shortened in the GST-HG171 plus Ritonavir
www.thelancet.com Vol 71 May, 2024
group compared to placebo (Appendix pp 28–29). By the
time of the final analysis, no patients in this trial died or
experienced progression to severe/critical COVID-19,
and no significant inter-group difference in the change
of chest CT scan were detected due to limited sample
numbers (Appendix pp 18–20).

Although the SARS-CoV-2 viral load decreased
with time in both groups, the change from baseline
was significantly greater in the GST-HG171 plus Ri-
tonavir group through day 14 (Fig. 3A). GST-HG171
plus Ritonavir reduced the viral load by an addi-
tional least-squares (LS) mean of 1.14 log10 copies/mL
(standard error [SE] 0.266; 95.45% CI 0.60–1.67;
P < 0.0001) at day 3, 1.10 log10 copies/mL (0.084;
0.93–1.27; P < 0.0001) at day 4, and 1.75 log10 copies/
mL (0.274; 1.19–2.30; P < 0.0001) at day 5, compared
7

http://www.thelancet.com


Fig. 2: Time to Sustained Recovery of Clinical Symptoms. Shown are the time to sustained recovery of clinical symptoms within 28 days after
treatment in the mITT population (1213 patients, Panel A) and the subgroup of population that infected with XBB variants (481 patients, Panel
B), as estimated with the use of the Kaplan–Meier method and compared with the use of the log-rank test adjusted for randomisation factors,
and the hazard ratio (HR, investigational group/placebo group) calculated by the Cox regression model and corrected by randomisation factors.
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to placebo (Fig. 3A and Appendix pp 18–21). The
significant difference in LS mean change in SARS-
CoV-2 viral load from baseline to day 4 (the pre-
specified key secondary endpoint) was also observed
in the XBB and non-XBB subgroups, showing an
additional 0.83 log10 copies/mL (SE 0.132; 95% CI
0.57–1.09; P < 0.0001) and 1.38 log10 copies/mL
(0.114; 1.60–1.15; P < 0.0001) reduction in the GST-
HG171 plus Ritonavir group compared to placebo,
respectively (Fig. 3B and Appendix pp 18–20). GST-
HG171 plus Ritonavir treatment significantly
decreased the estimated median time to negative
conversion of SARS-CoV-2 nucleic acid compared to
placebo by 3 days, 1 day, and 4 days in mITT overall
population (11.0 days [95.45% CI 10.0–14.0] vs. 14.0
days [95.45% CI NA], P < 0.0001, Appendix p 30), XBB
subgroup (13.0 days [95% CI 10.0–14.0] vs. 14.0 days
[14.0, 15.0], P = 0.030), and non-XBB subgroup (10.0
days [95% CI 10.0–13.0] vs. 14.0 days [NA],
P < 0.0001), respectively (Fig. 3B and Appendix pp
18–20). Viral rebound occurred in 11 of the 610 pa-
tients (1.8%) in the GST-HG171 plus Ritonavir group
and 10 of the 603 (1.7%) in the placebo group. There
was no adjustment for multiple comparisons.

The incidence of adverse events was similar in the
GST-HG171 plus Ritonavir (320/617, 51.9%) and pla-
cebo (298/610, 48.9%) group, with all these collected
adverse events emerging during or after the treatment
period. Most adverse events were non-serious and of
grade 1/2, and the most common adverse events in both
placebo and treatment groups were hyper-
triglyceridaemia (10.0% vs 14.7%). Patients received
GST-HG171 plus Ritonavir reported fewer adverse
events leading to any drug withdrawal (4/617, 0.6% vs.
7/617, 1.1%) or interruption (0 vs. 1/617, 0.2%) than
placebo; none of the adverse events led to death
(Table 2). One serious adverse event (arteriosclerosis
coronary artery) was reported in 1 (0.2%) patient in the
GST-HG171 plus Ritonavir group; two serious adverse
events (pneumonia and cervical dysplasia) were reported
in 2 (0.3%) patients in the placebo group. None of
serious adverse events were drug-related (Table 2).

Drug-related adverse events were reported for 222
(36.0%) of 617 patients in the GST-HG171 plus Ritonavir
group and 182 (29.8%) of 610 patients in the placebo
group (Table 2), with all of which to be non-serious, most
of grade 1/2, and more than half resolved by the end of
the study. The ≥ grade 3 drug-related adverse events
Sustained recovery of clinical symptoms is defined as the score of 0 for al
event date defined as the first day of the 2 consecutive days. + indicates ce
or therapies that may affect the efficacy endpoints (as identified at the
recovery, or were assessed by investigators as having poor efficacy and w
censored on Day 28. Panel C shows subgroup analysis of the time to susta
the mITT population, analyzed using the same statistical methods as the p
as a shorthand for GST-HG171 plus Ritonavir.

www.thelancet.com Vol 71 May, 2024
reported in the GST-HG171 plus Ritonavir (8/617, 1.3%)
or placebo (6/610, 1.0%) group were hyper-
triglyceridaemia (4 [0.6%] with GST-HG171 plus Rito-
navir and 4 [0.7%] with placebo), neutropenia (2 [0.3%]
and 1 [0.2%], respectively), hyperlipidaemia (1 [0.2%] with
GST-HG171 plus Ritonavir), hypokalaemia (1 [0.2%] with
GST-HG171 plus Ritonavir), and decrease in neutrophil
count (1 [0.2%] with placebo) (Appendix p 22).
Discussion
Results from this pivotal phase 2/3 study in adult pa-
tients with mild-to-moderate COVID-19 demonstrated
the efficacy and safety of oral administration of GST-
HG171 (150 mg) with Ritonavir (100 mg) twice daily
for 5 days. GST-HG171 plus Ritonavir treatment within
72 h after COVID-19 symptoms onset shortened the
median time to sustained recovery of clinical symptoms
by 2 days compared to placebo. Similar trends favoring
GST-HG171 were observed in subgroup analyses
regardless of sex, age, high-risk factors for severe dis-
ease, COVID-19 severity, vaccination status, and SARS-
CoV-2 variants (XBB or non-XBB) at baseline. GST-
HG171 plus Ritonavir also showed significant efficacy
in terms of the time to sustained recovery of fever and
respiratory symptoms, sustained relief of clinical
symptoms, and negative conversion of SARS-CoV-2
nucleic acid. Treatment with GST-HG171 plus Ritona-
vir significantly reduced SARS-CoV-2 viral load from
baseline versus placebo through 14 days of the treat-
ment, especially at day 3, 4, and 5. GST-HG171 is
generally safe with a similar adverse events incidence to
placebo in this study.

An outstanding contribution of this study is
providing positive results for GST-HG171 in patients
infected with the latest SARS-CoV-2 XBB variants. To
our knowledge, this is the first demonstration of the
clinical benefits of an oral 3CL protease inhibitor in a
randomised, double-blind, placebo-controlled clinical
study with XBB variant-infected patients. This study was
conducted from late 2022 to mid-2023 during the SARS-
CoV-2 Omicron pandemic in China, with the rapid
circulation of XBB and its sub-lineages beginning
approximately in April 2023.8 All of the patients
included in the efficacy analysis of this study were
infected by SARS-CoV-2 Omicron strain, among whom
45.7% were infected by the XBB variants and 54.3%
were infected by the non-XBB variants, demonstrating
l COVID-19-related target symptoms for 2 consecutive days, with the
nsored values. Data for the patients who used prohibited medications
data review meeting), progressed to severe/critical COVID-19 before
ere withdrawn from treatment early, and dead before recovery were
ined recovery of clinical symptoms within 28 days after treatment in
rimary analysis shown in Panel A. CI, confidence interval; GST-HG171
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Fig. 3: Antiviral Efficacy of GST-HG171 plus Ritonavir. Panel A shows the Log10-transformed mean change in SARS-CoV-2 viral load from
baseline among all the patients in the mITT population with available viral load data. Panel B shows virological efficacy results among the
overall mITT population, and subgroup of populations infected with SARS-CoV-2 XBB or non-XBB variants. Lower limit of quantification of viral
RNA is 2.3 log10 copies/mL. Data regarding SARS-CoV-2 viral load are presented as LS means ± SEs; LS mean, difference in LS mean change
versus placebo, SE, CI, and P-value are based on the analysis of covariance (ANCOVA) method with treatment group as independent variable and
baseline viral load and presence of a high-risk factor of progression to severe disease, COVID-19 vaccination status as covariates. Analysis in time
to negative conversion of SARS-CoV-2 nucleic acid only includes the patients with baseline SARS-CoV-2 nucleic acid positive; hazard ratio and CI
is based on COX model test stratified by presence of a high-risk factor of progression to severe illness, COVID-19 vaccination status; P-value is
based on Log-rank test stratified by presence of a high-risk factor of progression to severe illness, COVID-19 vaccination status. Data with
95.45% CI and 95% CI were calculated in the overall population and subgroup populations, respectively. SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; LS, least-squares; SE, standard error; CI, confidence interval; Diff., difference; HR, hazard ratio; GST-HG171 as a
shorthand for GST-HG171 plus Ritonavir.
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the clinical benefits of GST-HG171 plus Ritonavir
against different variants of SARS-CoV-2 Omicron
strain including XBB and non-XBB. These clinical effi-
cacy results are consistent with the potent and broad-
spectrum antiviral activity of GST-HG171 observed in
pre-clinical studies in vitro and in vivo.23 In pre-clinical
studies, GST-HG171 has shown potent antiviral activ-
ities against various SAR-CoV-2 strains including the
original strain, beta, delta, and omicron, with 7-10-fold
higher potency than Nirmatrelvir in the cytopathic ef-
fect (CPE) assays in vitro. It also potently inhibits several
variants of omicron lineages including BA.4, BA.5,
BQ.1.1, XBB.1, XBB.1.5, with 5-10-fold higher potency
than Nirmatrelvir in the CPE assay. Further, GST-
HG171 has >4-fold higher lung exposure and lung/
plasma exposure ratio than Nirmatrelvir in animals, and
demonstrated >20-fold higher efficacy in vivo than Nir-
matrelvir in reducing viral load in lung tissue in mice
infected with SARS-CoV-2 virus.23

Although several antiviral drugs have been reported to
be effective in the treatment of COVID-19, GST-HG171
has shown several specific strengths. As an orally
www.thelancet.com Vol 71 May, 2024
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Adverse event GST-HG171 plus
ritonavir
(N = 617)

Placebo
(N = 610)

No. of adverse events 822 720

Patients with adverse events

Any adverse event 320 (51.9%) 298 (48.9%)

Treatment-emergent adverse
eventb

320 (51.9%) 298 (48.9%)

Any Drug-related AEc 222 (36.0%) 182 (29.8%)

Serious AE 1 (0.2%) 2 (0.3%)

Any Drug-related Serious AEc 0 0

AE leading to any drug
withdrawal

4 (0.6%) 7 (1.1%)

AE leading to any drug
interruption

0 1 (0.2%)

AE leading to death 0 0

AE by NCI-CTCAEd

Grade 1 291 (47.2%) 269 (44.1%)

Grade 2 77 (12.5%) 66 (10.8%)

Grade 3 16 (2.6%) 12 (2.0%)

Grade 4 1 (0.2%) 1 (0.2%)

Grade 5 0 (0%) 0 (0%)

Data are n (%). AE, adverse event; NCI-CTCAE, National Cancer Institute
Common Terminology Criteria for Adverse Events (version 5.0). aShown are
results for all the adverse events (AEs) as coded according to the Medical
Dictionary for Regulatory Activities, version 26.0, from the time of consent
through 28-day follow-up or early withdrawal. Patients were those who
received at least one dose of GST-HG171 plus Ritonavir or Placebo as grouped
according to the actual treatment received. bTreatment-Emergent Adverse
Event (TEAE) is defined as any adverse event occurring or worsening relative to
baseline from the first dose of the study drug through 28-day follow-up or early
withdrawal. cDrug-related AEs include all AEs with relationships that are
“Definitely related”, “Probably related”, and “Possibly related” as determined by
the investigators. dThe same patient can be included in different grades at the
same time because of the grades of adverse events that have occurred.

Table 2: Adverse events in the safety population.a

Articles
administrated drug, GST-HG171 is more convenient
than Remdesivir that is currently used intravenously to
treat severe COVID-19 disease.28 Paxlovid (Nirmatrelvir
plus Ritonavir) and Molnupiravir were approved for non-
hospitalized patients with COVID-19 but only indicated
for those at high-risk for progression to severe disease.10,11

In patients with mild-to-moderate COVID 19 at standard
risk, however, no statistically significant effect on symp-
tom resolution was demonstrated by Nirmatrelvir plus
Ritonavir,16 whereas GST-HG171 is able to target a wider
patient population regardless of their risk-levels for
overall symptom recovery. The superior potency, efficacy,
and PK characteristics of GST-HG171 over Nirmatrelvir
in preclinical studies in vitro and in vivomay contribute to
the efficacy observed in patients across all risk levels in
the current clinical study.23 Among published studies
assessing efficacy of COVID-19 drugs, Ensitrelvir,
approved in Japan only, was evaluated in similar popu-
lation compared to this study, but efficacy of GST-HG171
on recovery of 11 COVID-19 symptoms was not observed
by Ensitrelvir treatment.19 The significant difference in
www.thelancet.com Vol 71 May, 2024
the change of subtotal of 5 fever and respiratory symp-
toms versus placebo achieved with treatment of Ensi-
trelvir was also observed with GST-HG171 in the current
study. In the trial comparing VV116 (an RdRp inhibitor)
and placebo, the median time to sustained clinical
symptom resolution for 2 consecutive days was 10.9 days
for the VV116 group and 12.9 days for the placebo group,
indicating a two-day difference over placebo,20 which
aligns closely with our study’s observations. It is, how-
ever, noteworthy that the dominant subvariants in VV116
trial were mostly Omicron BA.5.2.48 (58.7%) and BF.7.14
(30.7%).20 Simnotrelvir and Leritrelvir, two 3CL protease
inhibitors recently approved in China, were both evalu-
ated in the pivotal trials with the same primary endpoints
as our study. Faster resolution of the 11 COVID-19
symptoms was observed in both trials, with a difference
of 35.8 h (Simnotrelvir plus Ritonavir) and 20.31 h (Ler-
itrelvir) compared to placebo, respectively,21,22 which were
smaller than that (48 h) observed in our study. Moreover,
both trials were conducted before the 2023 Omicron XBB
wave in China, and XBB variant was only detected in 1
out of 140 patients evaluated for viral strains in the pivotal
trial of Simnotrelvir, with viral strains of patients not
reported in the pivotal trial of Leritrelvir.21,22 Conse-
quently, GST-HG171 stands out as the only drug
showing benefits in patients infected with XBB variants.
In addition, a greater reduction of viral load was observed
with GST-HG171 plus Ritonavir (a reduction of 1.10
log10copies/mL compared to placebo) than Leritrelvir (a
reduction of 0.82 log10copies/mL compared to placebo)
on day 4. Similarly, a greater reduction of viral load was
observed with GST-HG171 plus Ritonavir (a reduction of
1.75 log10copies/mL compared to placebo) than Simno-
trelvir plus Ritonavir (a reduction of 1.51 log10copies/mL
compared to placebo) on day 5. Considering the viral load
of SARS-CoV-2 is associated with disease severity, po-
tential mortality, and risk of transmission,29,30 GST-
HG171 may bring more clinical benefits than currently
approved drugs targeting 3CL. In addition, the recom-
mended dose of GST-HG171 (150 mg, twice daily) is
the lowest among the approved 3CL protease
inhibitors,10,19,21,22 potentially leading to better medication
compliance.

The study has, however, several limitations. First,
most (92.3%) patients had mild COVID-19 and most
(88.8%) had a low risk of disease progression, reflecting
the current reality of population immunity and the
SARS-CoV-2 Omicron pandemic, with limited data in
patients at high risk; and further, only a limited number
of elderly patients (4.0%, aged older than 60 years) and
patients other than Asians (0.3%) were included in this
study. Secondly, the faster clearance of the SARS-CoV-2
virus and shortened clinical recovery of symptoms un-
der the treatment with GST-HG171 plus Ritonavir may
bring potential benefits in minimizing disease trans-
mission and burden, whereas the efficacy of GST-
HG171 in preventing disease progression or death
11
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could not be evaluated as no such events occurred in
this study. Thirdly, as the target population of this study
was patients with mild-to-moderate COVID-19, it re-
mains unknown whether GST-HG171 would also be
beneficial for patients with severe-to-critical COVID-19,
which warrants further investigations. Fourthly, the use
of Ritonavir together with GST-HG171 may affect the
concentrations of certain drugs, and thus a careful
evaluation should be performed before use of the
concomitant medication, and monitoring and treatment
of the potential adverse events should be educated,
whereas, in patients who use low-dose Ritonavir as a PK
enhancer for a short duration, risk is expected to be
lower than that in routine HIV treatment at higher
doses. Finally, the short time period between symptom
onset and treatment initiation in our study may not fully
represent all clinical scenarios in the real world, and
benefits for patients treated after 2 days following
symptom onset are to be confirmed in real-world
studies.

In conclusion, oral treatment with GST-HG171
plus Ritonavir has demonstrated benefits in clinical
symptom recovery and viral clearance in low-risk,
vaccinated, young patients with mild-to-moderate
COVID-19, regardless of whether infection is caused
by newly emerging SARS-CoV-2 XBB or non-XBB
variants. There were no apparent safety concerns
associated with the treatment. As most patients were
treated within 2 days after symptom onset in our study,
confirming the potential benefits of symptom recovery
for patients with a longer duration between symptom
onset and treatment initiation will require real-world
studies.
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