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Summary
Background This study aimed to evaluate the efficacy and safety of RAY1216, a novel inhibitor of 3-chymotrypsin-like
cysteine protease (3CLpro), in adults with coronavirus disease 2019 (COVID-19).

Methods This phase 2, single centre, randomised, double-blind, placebo-controlled trial included hospitalised patients
between August 14, 2022, and September 26, 2022, in Sanya Central Hospital (The Third People’s Hospital of Hainan
Province) in China with no severe symptoms if they had laboratory-confirmed severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection for not more than 120 h (5 days) and a real-time quantitative polymerase
chain reaction (qPCR) cycle threshold (Ct) value of ≤30 for both the open reading frames 1 ab (ORF1ab) and
nucleocapsid (N) genes within 72 h before randomisation. Half of the participants (n = 30) were randomly
assigned (2:1) to receive either RAY1216 or a matched placebo three times a day (TID) for 5 days (15 doses in
total), while the other half received RAY1216 plus ritonavir (RAY1216 plus RTV) or a matched placebo every 12 h
for 5 days (10 doses in total). The primary endpoint was the time of viral clearance. Secondary outcomes included
the changes of the SARS-CoV-2 RNA viral load, the positivity rate of the nucleic acid test, and the recovery time
of clinical symptoms. A safety evaluation was performed to record and analyse all adverse events that occurred
during and after drug administration as well as any cases in which dosing was halted because of these events.
Clinicaltrials.gov identifier: ChiCTR2200062889.

Findings The viral shedding times in the RAY1216 and RAY1216 plus RTV groups were 166 h (95% confidence
interval (CI): 140–252) and 155 h (95%CI: 131–203), respectively, which were 100 h (4.2 days) and 112 h (4.6 days)
shorter than that of the placebo group, respectively (RAY1216 group vs. Placebo p = 0.0060, RAY1216 plus RTV group
vs. Placebo p = 0.0001). At 24 h, 72 h, and 120 h after administration, the viral RNA loads in the RAY1216 and
RAY1216 plus RTV groups were significantly less than those of the placebo groups. At 280 h (11.5 days) after
administration, the nucleic acid test results in the RAY1216 and RAY1216 plus RTV groups were both negative. The
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common adverse events related to the investigational drugs were mild and self-limiting laboratory examination
abnormalities.

Interpretation Our findings suggest that RAY1216 monotherapy and RAY1216 plus ritonavir both demonstrated
significant antiviral activity and reduced the duration of COVID-19 while maintaining a satisfactory safety profile.
Considering the limited clinical application of RTV, it is recommended to use RAY1216 alone to further verify its
efficacy and safety.

Funding This study was sponsored by the Key Research and Development Program of China (2022YFC0868700).

Copyright © 2023 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
To assess the existing studies on 3-chymotrypsin-like cysteine
protease treatment, we searched PubMed, ClinicalTrials.gov,
and FDA.gov, using the search terms “SARS-CoV-2”, “COVID-
19” or “3-chymotrypsin-like cysteine protease” for any articles
published or trials recruited between December 1, 2019 and
May 31, 2023. Paxlovid is the first 3CLpro inhibitor of SARS-
CoV-2, but it has complex interactions with other medications
and is not recommended for those have certain medical
conditions. RAY1216 is a broad-spectrum 3CLpro inhibitor of
SARS-CoV-2 that was developed by Guangdong Raynovent
Biotechnology Co., Ltd. The phase 1 study results
demonstrate that RAY1216 has a favourable tolerability,
safety, and pharmacokinetic profile and that it can reduce
SARS-CoV-2 replication, viral load levels, and infectious virus
titres in vivo and in vitro, regardless of whether it is used in
combination with ritonavir or not.

Added value of this study
In this phase 2, single centre, randomised, double-blind,
placebo-controlled study, we found the viral shedding times
in the RAY1216 and RAY1216 plus RTV groups were shorter
than those in the placebo group, respectively. Both dosage
regimens of RAY1216 tablets both have clinical potential for
the treatment of SARS-CoV-2 infection if administrated
within 5 days of the initial positive nucleic acid test result, and
their antiviral efficacies are comparable.

Implications of all the available evidence
Our findings suggest that RAY1216 monotherapy and
RAY1216 plus ritonavir both demonstrated significant
antiviral activity and reduced the duration of COVID-19 while
maintaining a satisfactory safety profile. The common adverse
events related to the investigational drugs were mild and self-
limiting laboratory examination abnormalities. Considering
the limited clinical application of RTV, it is recommended to
use RAY1216 alone to further verify its efficacy and safety.
Introduction
Rapid global dissemination and widespread devastation
have resulted from the coronavirus disease 2019
(COVID-19) pandemic. This disease is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection. The spike protein is the target of the majority
of COVID-19 vaccines and therapeutic antibodies.
However, the Omicron variant of the spike protein has
now become the dominant variant globally, resulting in
increased vaccine breakthrough rates and widespread
resistance to neutralising antibodies.1,2 As a result,
finding effective therapies for COVID-19 patients that
do not target the spike protein remains a top priority in
order to overcome the upcoming unexpected mutations
before the COVID-19 epidemic can be fully controlled.

For a specific viral replication cycle of SARS-CoV-2,
3-chymotrypsin-like cysteine protease (3CLpro) is
essential for the processing of viral polyproteins into
functional units, making it an attractive antiviral target.3

Therefore, SARS-CoV-2 replication can be inhibited by
drugs selectively inhibiting 3CLpro, and there is a low
likelihood of off-target activity due to the lack of known
human analogues.4 Paxlovid is an oral antiviral drug
developed by Pfizer that combines nirmatrelvir and
ritonavir. Nirmatrelvir is a 3CLpro inhibitor of SARS-
CoV-2, and ritonavir works as a cytochrome P450 3A4
inhibitor to slow the metabolism of nirmatrelvir and
raise its serum levels. On December 22, 2021, the United
States Food and Drug Administration issued an Emer-
gency Use Authorisation for Paxlovid to treat COVID-19
in adults and children (≥12 years old and weighing
≥40 kg) at high risk of developing severe COVID-19.5

However, Paxlovid has complex interactions with other
medications, such as systemic corticosteroids, antiar-
rhythmic drugs, anticancer drugs, calcium channel
blockers, and 3-hydroxy-3-methylglutaryl coenzyme
www.thelancet.com Vol 63 September, 2023
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A reductase inhibitors. Due to the ritonavir component
of the combination, Paxlovid is not recommended for
those with certain medical conditions.6 Therefore,
because of the rising number of cases and fatalities
globally as well as the extremely limited treatment op-
tions, there is an urgent unmet medical need for new
efficient 3CLpro inhibitors with fewer restrictions on
combined medication that can control COVID-19.

RAY1216 is a broad-spectrum 3CLpro inhibitor of
SARS-CoV-2 that was developed by Guangdong Rayno-
vent Biotechnology Co., Ltd. The phase 1 study results
demonstrate that RAY1216 has a favourable tolerability,
safety, and pharmacokinetic profile and that it can
reduce SARS-CoV-2 replication, viral load levels, and
infectious virus titres in vivo and in vitro, regardless of
whether it is used in combination with ritonavir or not.
In this phase 2, single centre, randomised, double-blind,
placebo-controlled study, we evaluated the efficacy and
safety of RAY1216 alone or in combination with rito-
navir (RAY1216 plus RTV) in participants infected with
SARS-CoV-2 when Omicron was the dominant variant.
Methods
Study design
This phase 2, single centre, randomised, double-blind,
placebo-controlled trial evaluated the efficacy and
safety of RAY1216 in adults with COVID-19 who had
asymptomatic, mild, or moderate symptoms. Specif-
ically, Sanya Central Hospital, which has been desig-
nated as a centre for the care of COVID-19 patients, was
the site of this study. The trial registration number of
this study is ChiCTR2200062889, and the local ethics
committee approved this study (institutional review
board number: LL2208109). All participants provided
informed consent prior to enrolment and intervention.
Eligible patients were aged between 18 and 70 years old,
had a confirmed case of SARS-CoV-2 infection of
≤120 h (5 days) prior to randomisation, and had a cycle
threshold (Ct) value ≤ 30 for both the open reading
frame 1 ab (ORF1ab) and N gene by real-time quanti-
tative polymerase chain reaction (qPCR) within 72 h of
randomisation (The ORF1ab gene and the N gene are
the known major structural proteins of SARS-CoV-2 that
are involved in viral pathogenicity and infectivity.) This
study included patients with only mild or moderate
COVID-19. The exclusion criteria were as follows: pa-
tients with severe or critical COVID-19, patients
receiving antiviral therapy, patients with systemic in-
fections other than COVID-19, and patients with a body
mass index of ≥30 kg/m2. Adult patients who met any
of the following criteria and could not be explained by
reasons other than SARS-CoV-2 infection were defined
as severe COVID-19 adult patients: 1. Presence of dys-
pnea, with a respiratory rate (RR) of ≥30 breaths per
minute; 2. Resting oxygen saturation (SpO2) ≤93%
while breathing ambient air; 3. Arterial oxygen partial
www.thelancet.com Vol 63 September, 2023
pressure (PaO2)/fraction of inspired oxygen (FiO2)
≤300 mmHg (1 mmHg = 0.133 kPa). In high-altitude
areas (altitude exceeding 1000 m), the PaO2/FiO2 ratio
was corrected using the following formula: PaO2/
FiO2 × [760/ambient pressure (mmHg)]; and 4. Pro-
gressive worsening of clinical symptoms and significant
progression (>50%) of lung lesions within 24–48 h
based on radiographic imaging. Adult patients with
critical COVID-19 were defined as those who met one of
the following criteria: 1. Presenting with respiratory
failure requiring mechanical ventilation; 2. Presenting
with shock; and 3. Presenting with multi-organ
dysfunction requiring Intensive Care Unit monitoring
and treatment.

For pilot studies with moderate-to-large effect sizes, a
pretrial including 15–20 participants per group is suffi-
cient to correct for bias in the estimates obtained from
the pretrial. Additionally, considering the implementa-
tion of centralised control measures during the local
outbreak of COVID-19 in China, where the local
epidemic cycle could be controlled within approximately
1–2 months, the challenges of implementing the trial
during the disease outbreak (such as closed-loop man-
agement and difficulty in obtaining informed consent)
were taken into account. Considering this study as
exploratory clinical research and to ensure completion
of the study during the pandemic period, a sample size
of 60 participants with 20 participants per group was
determined.

The primary endpoint of this trial was to compare the
time of viral clearance achieved by RAY1216 to that of
placebo. The secondary outcomes were to measure
changes in the SARS-CoV-2 RNA viral load, the pro-
portion of patients with positive qPCR test results of
SARS-CoV-2 after treatment, and the recovery time of
clinical symptoms in SARS-CoV-2-infected patients
treated with RAY1216 or placebo for 21 consecutive
days, including the 5-day treatment period and the 16-
day follow-up period. The purpose of the safety evalua-
tion was to record and analyse all adverse events that
occurred during and after drug administration as well as
any cases in which dosing was halted because of these
events.

Randomisation and masking
The blinded statistician employed the block random-
isation method to generate the random allocation tables
for cohort 1 and cohort 2 by investigational drug and
placebo in a 2:1 ratio, with a block length of 6. The
blinded statistician blind the drugs according to the ta-
ble of generated random allocation, with the drug
number corresponding to the random number. The
eligible patients were assigned matching numbers in
the order of successful screening, followed by random-
isation and administration.

The study adopted a double-blind design, with par-
ticipants, researchers, and the trial statistician all being
3
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masked to the treatment allocation until the final
analysis.

Intervention and follow-up procedures
The optimal antiviral effect of protease inhibitors and
other antiviral drugs is usually achieved when the un-
bound plasma concentration is sustained above the
concentration at which 90% inhibition of viral replica-
tion (EC90) occurs.7 A population pharmacokinetic
model of RAY1216 was built during the dose escalation
based on the preliminary single ascending dose/multi-
ple ascending dose data from healthy adults in a phase 1
clinical trial to simulate RAY1216 concentrations at
different doses and regimens. With the population
pharmacokinetic model, the RAY1216 (300 mg)/ritona-
vir (100 mg) two times a day (BID) and RAY1216
(400 mg) three times a day (TID) simulation showed
that most participants would achieve the target mini-
mum concentration above the in-vitro EC90 after the first
dose.

After obtaining informed consent, the baseline de-
mographic information, medical history, vaccination
status, vital signs, disease severity, and Ct values from
all participants were collected. As shown in Fig. 1, this
study employed a clinical trial design in which the
included patients were randomised into two major co-
horts. Cohort 1 consisted of 30 participants, with a ratio
of 2:1 between the RAY1216 group and the placebo
group. The participants received either 400-mg
RAY1216 tablets or their corresponding placebos,
administered TID with approximately 6 h between each
dose, for a total duration of 5 days (15 doses). Cohort 2
70 patients w
assessed for e

30 underwent randomization 

20 were assigned to 
receive  RAY1216 
(Intention to treat)

20 Completed 
assessments

10 Completed 
assessments

10 were assigned to 
receive  placebo 
(Intention to treat)

Cohort 1

RAY1216 Group

Placeb

Fig. 1: Randomisation, treatment assignments, and follow-
also comprised 30 participants, with a ratio of 2:1 be-
tween the treatment group and the control group. The
participants were administered a combination therapy
of RAY1216 and ritonavir. This involved taking one
tablet of 300 mg of RAY1216 and 100 mg of ritonavir or
their respective placebos, BID with approximately 12 h
between each dose, for a total duration of 5 days (10
doses). After enrolling 30 patients in Cohort 1, the
screening of patients in Cohort 2 began.

The prospectively collected clinical data included 14
clinical symptoms (stuffy or runny nose, sore throat,
shortness of breath, cough, fever, low energy or tired-
ness, muscle or body aches, chills or shivering, fever,
nausea, vomiting, diarrhoea, and loss of taste or smell),
laboratory tests (qPCR test for SARS-CoV-2, blood cell
count, and blood chemistry), severity, treatment process,
and prognosis. On days 1, 2, 4 ± 1, 6 ± 1, 10 ± 2, 15 ± 2,
and 21 ± 3 after hospitalisation, nasopharyngeal swabs
of the participants were taken to measure the SARS-
CoV-2 viral load by qPCR (Applied Biosystems, ABI
7500). Methodological validation for SARS-CoV-2
quantitative detection was performed prior to sample
testing, with a lower limit of quantification of 200
copies/mL. All sampling workers had to undergo
rigorous training to ensure the consistency and reli-
ability of the nasopharyngeal swab results. In addition,
nucleic acid testing was performed every day if the Ct
value was >30 for either the ORF1ab or N gene to ensure
that the viral shedding time could be acquired as soon as
possible. A Ct value of >35 for both the ORF1ab and N
genes was considered a negative test, and two consec-
utive negative tests were regarded as negative
ere 
ligibility

10 Were excluded:
did not meet inclusion criteria or 
met exclusion criteria 

20 were assigned to 
receive  RAY1216 plus 
RTV (Intention to treat)

10 were assigned to 
receive  placebo 
(Intention to treat)

20 Completed 
assessments

30 underwent randomization 

10 Completed 
assessments

Cohort 2

two placebo arms were 
combined for analysis

RAY1216 plus RTV 
Group

o Group

up. The numbers of patients in each group are provided.
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conversion. The interval between the first dose admin-
istration of the investigative product and the first nega-
tive test in two consecutive tests was used to define the
viral shedding time.

Clinicians monitored the vital signs and disease
conditions of the patients on a daily basis, and the
treatment regimens were retrospectively reviewed after
the follow-up. Throughout the study, researchers took
note of any serious or unusual side effects that emerged.
The clinical and laboratory adverse events were evalu-
ated for severity.

Statistical analysis
Continuous variables were presented as the mean and
standard deviation (SD), and categorical variables were
presented as the count and proportion. The viral shed-
ding time was compared between the two groups in the
primary and subgroup analyses. Cox regression was
used to calculate the hazard ratio and 95% confidence
interval (CI). Two-sided p < 0.05 was regarded as sta-
tistically significant.

Role of the funding source
The funder had no role in the study design, data
collection and analysis, decision to publish, or prepara-
tion of the manuscript. All authors had full access to all
the data in this study, and the corresponding authors
had the final responsibility to submit this study for
publication.
Results
Baseline characteristics
Overall, this study enrolled 60 eligible patients between
August 14, 2022, and September 26, 2022, and they
were randomly assigned to the RAY1216, RAY1216 plus
RTV, or placebo group, with 20 cases each (Fig. 1). The
average age of all enrolled participants was 38.9 years
old (SD: 11.4), and 26 (43%) patients were male. Except
for one participant in the placebo group, most of the
participants received the vaccine, with 13 (22%)
receiving two doses and 46 (77%) receiving a third
booster dose. The mean duration of disease for all par-
ticipants at baseline was 79.8 (SD: 20.3) h, and the mean
viral load was 8.1 (SD: 0.7) log10 copies/mL. In this trial,
33 (55%) of the patients had a history of previous ill-
nesses or surgeries, including various surgical and
medical procedures [6 (10%)], as well as various
musculoskeletal and connective tissue disorders [4
(7%)]. The incidence rates of liver and biliary system
diseases, neurological disorders, and gastrointestinal
system diseases were all 2 (3%). There were no impor-
tant differences observed between the study groups.
Within 48 h prior to randomisation, the patients did not
receive antiviral drugs, oxygen support, monoclonal
antibodies, or steroid treatment (Table 1).
www.thelancet.com Vol 63 September, 2023
Primary and secondary efficacy objectives
The viral load shedding times were 166 h (95%CI:
140–252) and 155 h (95%CI: 131–203) in the RAY1216
and RAY1216 plus RTV groups, respectively, which
were 100 h (4.2 days) (p = 0.0060) and 112 h (4.6 days)
(p = 0.0001) shorter than that in the placebo group. At
24 h after administration, the viral RNA load in the
RAY1216 group was 0.8 log10 copies/mL less than that
in the placebo group (p = 0.031). Furthermore,
compared to the baseline values, the RAY1216 group
and the RAY1216 plus RTV group had a 1.09 and 1.14
log10 copies/mL greater reduction in the viral RNA load
at 72 h than the placebo group (RAY1216 group vs.
placebo, p = 0.0009; RAY1216 plus RTV group vs. pla-
cebo, p = 0.0004) (Table 2 and Fig. 2). The patients in the
RAY1216 and RAY1216 plus RTV groups both had
negative qPCR results at 280 h (11.5 days) after drug
administration (Fig. 3). In addition, Cox regression
analysis showed that the hazard ratios (HRs) in the
RAY1216 and RAY1216 plus RTV groups were 3.3 (95%
CI: 1.6, 6.9; p = 0.0013) and 6.1 (95% CI: 2.7, 13.6;
p < 0.0001), respectively, compared with the placebo
group.

In order to investigate the recovery time of clinical
symptoms, 14 clinical symptoms of the patients were
assessed. In the placebo, RAY1216, and RAY1216 plus
RTV groups, there were 2, 1, and 2 asymptomatic pa-
tients, respectively (Table 2). Patients whose symptoms
did not improve due to early study termination or by the
end of the follow-up period (21 days after administra-
tion) were deemed censored. As a result, the recovery
time of clinical symptoms was found to not be statisti-
cally significant (p = 0.035 in the RAY1216 group,
p = 0.70 in the RAY1216 plus RTV group). However, a
trend toward a shorter time to sustained clinical recov-
ery was observed in the RAY1216 group compared to
the placebo group (247.0 h vs. 382.9 h). In this study,
there were no patients with severe symptoms who
required other antiviral drugs, corticosteroids, or
monoclonal antibodies.

Adverse events
All of the treatment-related adverse events (TEAEs) are
shown in Fig. 4, and there was no serious adverse event
(SAE) reported among the three groups (Table 3). The
incidences of TEAEs were 20% (4/20), 0%, and 5%
(1/20) in the placebo, RAY1216, and RAY1216 plus RTV
groups, respectively (Table 3). The only adverse reaction
related to the study drug occurred in the RAY1216 plus
RTV group, and it was grade-2 hypertriglyceridemia,
according to the Common Terminology Criteria for
Adverse Events (CTCAE), version 5.0, which resolved
without further intervention. One participant in the
RAY1216 group experienced a grade-4 adverse event,
hyponatremia, which might not have been related to the
study drug and was thought to be caused by dietary
5
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Placebo group (n = 20) RAY1216 (n = 20) RAY1216 plus RTV (n = 20)

Age, Mean (SD) 39.9 (9.6) 39.4 (13.6) 37.4 (11.0)

Sex

Male, n (%) 7 (35%) 10 (50%) 9 (45%)

Female, n (%) 13 (65%) 10 (50%) 11 (55%)

Body mass index (kg/m2), Mean (SD) 22.1 (2.7) 21.9 (3.2) 23.0 (2.6)

Vaccination, n (%) 19 (95%) 20 (100%) 20 (100%)

Symptoms, n (%) 18 (90%) 19 (95%) 18 (90%)

Initial virus copy number (log10 copies/mL), Mean (SD) 8.4 (0.9) 7.9 (0.6) 8.0 (0.5)

Course of disease (h), Median (IQR) 82.6 (68.6, 91.8) 88.5 (77.0, 101.5) 73.7 (60.0, 82.7)

N gene (cycle threshold values), Median (IQR) 14.5 (13.9, 16.1) 16.2 (15.4, 18.1) 17.0 (16.3, 18.4)

ORF1ab gene (cycle threshold values), Median (IQR) 16.5 (15.4, 18.1) 17.7 (16.9, 19.1) 19.9 (18.9, 21.0)

Standard-of-care

Antiviral drugsa 0 (0%) 0 (0%) 0 (0%)

O2 support 0 (0%) 0 (0%) 0 (0%)

Monoclonal antibodyb 0 (0%) 0 (0%) 0 (0%)

Steroidsc 0 (0%) 0 (0%) 0 (0%)

IQR = interquartile range, SD = standard deviation. aAntiviral drugs: Paxlovid, Azvudine, Molnupiravir. bMonoclonal antibody: amubarvimab and romlusevimab. cSteroids:
dexamethasone, methylprednisolone.

Table 1: Baseline characteristics of the study participants.

Placebo (n = 20) RAY1216 (n = 20) RAY1216 plus RTV (n = 20) p-value

Viral load shedding time

(h) (95% CI) 267 (203, 348) 166 (140, 252)c 155 (131, 203)d 0.0060c, 0.0001d

Hazard ratio (95% CI) 3.3 (1.6, 7.0)c 6.1 (2.7, 13.6)d 0.0013c, 0.0001d

Hazard ratio (95% CI)b 2.1 (1.0, 4.6)c 5.0 (2.2, 11.2)d 0.054c, 0.0001d

Viral RNA loading change from baseline [LSmean (SE)]

24 h −0.5 (0.3) −1.3 (0.2)c −1.0 (0.2)d 0.031c, 0.15d

72 h −1.7 (0.2) −2.7 (0.2)c −2.8 (0.2)d 0.0009c, 0.0004d

120 h −3.1 (0.2) −3.9 (0.1)c −3.5 (0.2)c 0.010c, 0.20d

Recovery of clinical symptoms

Number with complete symptom records (%) 10/18 (56%)a 17/19 (90%)a 8/18 (44%)a

Median recovery time (h), (95%CI) 382.9 (156.0, −) 247.0 (69.5, 335.7)c − (180.0, −)d 0.035c, 0.70d

aThere were 2, 1, and 2 asymptomatic patients in the placebo, RAY1216, and RAY1216 plus RTV groups. bAdjusted baseline viral load. cCompared with the Placebo group.
dCompared with the Placebo group.

Table 2: Analysis of the differences in SARS-CoV-2 viral shedding time, the changes in viral RNA loading, and clinical symptom recovery time in the
three groups.
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factors during the epidemic; this participant improved
after the oral administration of rehydration salts.
Discussion
Hainan, China, reported 6592 confirmed COVID-19
cases and 9055 asymptomatic carriers between August
1, 2022, and September 16, 2022, with 32 (0.2%) being
severe or critical cases and 1 (0.006%) dying. These
severity and mortality rates were significantly less than
the 50,354 confirmed cases in Wuhan, China, with a
severity rate of 63% and a death rate of 7.7% in 2020,8

and the 42,379 confirmed cases in Shanghai, China,
with a severity rate of 0.4% and a death rate of 0.1% in
2022.9 Previous research and all of the data presented
above suggest that the Omicron variant caused more
infections but fewer severe cases or deaths, despite the
fact that continuous outbreaks and a large infectious
population overburdened and exhausted the medical
system.1 The number of infected people is likely to rise
dramatically as epidemic prevention and control become
more liberalised.

As a member of the Coronaviridae family of envel-
oped, single-strand, positive-sense RNA viruses, the
SARS-CoV-2 viral genome is translated into approxi-
mately 30 proteins upon entry into the host cell cyto-
plasm.10,11 3CLpro, the main viral protease of
Coronaviridae, is an appealing target for antiviral drugs
because it is required for the proteolytic maturation of
viral polyproteins and is highly conserved among
www.thelancet.com Vol 63 September, 2023
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Fig. 2: The change of SARS-CoV-2 viral load [LSmean (SE)] at different time points for each treatment group. Black dots, placebo group;
Blue dots, RAY1216 group; Triangle, RTV group. Points represent the least-square means, and bars indicate the standard error. The changes
from baseline, derived from an analysis of covariance model, are shown.

Fig. 3: The Kaplan–Meier estimate of the proportion of patients with positive nucleic acid test results after treatment. Red line, placebo
group; Green line, RAY1216 group; Blue line, RAY1216 + RTV group.

Articles
coronaviruses.12 Paxlovid is the first oral 3CLpro inhib-
itor targeting the SARS-CoV-2 virus13,14 that consists of
the combination of nirmatrelvir, a second-generation
protease inhibitor, and ritonavir, a pharmacological
enhancer; a low dose of ritonavir helps slow down the
metabolism or breakdown of nirmatrelvir so that it re-
mains active in the body for longer at higher
www.thelancet.com Vol 63 September, 2023
concentrations and helps to fight the virus.15 Paxlovid
remains the recommended and preferred treatment for
SARS-CoV-2 viral infection. According to a study of
Paxlovid, by day 28 following randomisation, 1% (6/607)
of Paxlovid recipients who received treatment within 5
days of the onset of symptoms were hospitalised up to
day 28 without dying, compared to 7% (41/612) of the
7
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Fig. 4: The treatment-related adverse events (TEAEs). Red, placebo group; Green, RAY1216 group; Blue, RAY1216 + RTV group.

Placebo Group (n = 20) RAY1216 (n = 20) RAY1216 plus RTV (n = 20)

All adverse events, n (%) 8 (40%) 3 (15%) 5 (25%)
Treatment-related adverse events, n (%) 4 (20%) 0 (0%) 1 (5%)
Severe adverse events, n (%) 0 (0%) 0 (0%) 0 (0%)

Table 3: The incidence of adverse events in the three groups.
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placebo group who experienced 10 fatalities (2%).16

Paxlovid also has been shown to be effective against
the Omicron variant, and a phase 2–3 double-blind,
randomised, controlled trial demonstrated that it was
89% effective in patients at risk of serious illness,
lowering the hospitalisation rate by 6% and accelerating
the viral clearance and viral load.4

RAY1216 is an oral broad-spectrum 3CLpro inhibi-
tor with strong anti-SARS-CoV-2 efficacy in preclinical
studies. In addition, it has demonstrated favourable
safety and pharmacokinetic profiles in healthy patients.
The phase 1 clinical study including 72 patients
showed that RAY1216 tablets containing 200–1600 mg
administered at a single time, RAY1216 tablets
(300–700 mg) in combination with ritonavir (100 mg
BID) for 5 consecutive days, RAY1216 (200 mg) in
combination with ritonavir (100 mg) at a single time,
and RAY1216 (400 mg TID) for 5 consecutive days
were tolerated and safe for all the patients, with no
SAEs. In the current randomised, double-blind, clinical
trial among adults with COVID-19, both RAY1216
alone and RAY1216 plus RTV inhibited SARS-CoV-2
replication in vivo potently. A total of 60 participants
were enrolled in this study, and the baseline
characteristics and the SARS-CoV-2 RNA viral load in
the three groups with 20 patients each were compara-
ble. Within 5 days of the first positive nucleic acid re-
sults, RAY1216 alone and RAY1216 plus RTV
significantly accelerated the viral shedding by 4.2 days
(6.9 vs. 11.1) (p = 0.0060) and 4.6 days (6.5 vs. 11.1)
(p = 0.0001), respectively. According to the results of
the Cox regression analysis, compared with the placebo
group, the HRs in the RAY1216 and RAY1216 plus
RTV groups were 3.3 (95% CI: 1.6, 6.9) and 6.1 (95%
CI: 2.7, 13.6), respectively, indicating that shortening
the disease duration with RAY1216 could be an addi-
tional strategy for combating this disease. In addition,
the recovery times of clinical symptoms in the
RAY1216 and RAY1216 plus RTV groups were shorter
than those of the placebo group; however, there was no
significant difference among the groups, which may be
related to the small sample size. Notably, this study was
conducted when Omicron was the dominant variant,
and the results show the high effectiveness of RAY1216
against infection with the Omicron variant.

Two of the most important factors to determine
when and how oral antiviral agents are used include the
indications and the intervention time. Our findings
suggest that RAY1216 could benefit patients who are
treated within 120 h (5 days) of the initial positive
www.thelancet.com Vol 63 September, 2023
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nucleic acid test result, with a single dose of RAY1216
outperforming RAY1216 plus RTV in terms of clinical
outcomes, particularly at 72 h after administration.
Furthermore, most of the patients in this study had
received the primary vaccination series or a booster
vaccination, implying that RAY1216 may still benefit
immunised patients. There was also a trend showing
that RAY1216 was superior to placebo in terms of the
clinical efficacy measure of time to sustained clinical
recovery, but the difference was not statistically signifi-
cant. This finding could be due to some missing data
owing to incomplete records, causing some of the pa-
tient data to be omitted from the analysis, or the fact that
the symptoms did not recover by the end of the follow-
up period (21 days after administration).

In this study, no virological rebound was observed in
either the placebo group or the RAY1216 plus RTV
group. In the RAY1216 group, one patient met the
definition of virological rebound (1/20, 5%), which was
like the nirmatrelvir-ritonavir group (2.3%).17 The pa-
tient had a viral load of 3.9 log10 copies/mL on day 10
and 3.1 log10 copies/mL on day 6, with an increase of
more than 0.5 log10 copies/mL from day 6 to day 10.
However, the patient’s COVID-19 symptoms had dis-
appeared after day 6, and until day 10 upon discharge,
the patient remained free of any COVID-19 symptoms.
This finding suggests that virological rebound may be a
characteristic of certain SARS-CoV-2 viral infections.18

Previous studies have shown that Paxlovid has an
overall satisfactory safety profile, with the most common
adverse events being dysgeusia (5.6%) and diarrhoea
(3.1%) as well as elevated fibrin D-dimer and liver enzyme
levels, headache, and nausea. Few people reported SAEs
like low renal creatinine or COVID-19 pneumonia, and
most were mild, self-limiting grade 1 or 2. Compared to
other studies, the incidence of liver injury was about the
same.19,20 However, evidence emerging from a real-life
study suggests an overall higher frequency of adverse
events with Paxlovid than that found in clinical trials. The
different prevalence rates of adverse events may be
attributed to differences between the real-life population
and that included in clinical trials, especially regarding
age.21 In addition, dysgeusia (metallic taste) was much
more frequently (12.4% vs. 5.6%) observed in those taking
Paxlovid in this real-life study than that reported in the
literature.21 This finding is likely related to ritonavir as a
real-world pharmacovigilance study showed that the inci-
dence of dysgeusia was out of proportion to the back-
ground effects of COVID-19 infection and was specific to
ritonavir use.22 As a strong cytochrome P450 3A4 inhibitor,
the use of ritonavir is associated with a high drug inter-
action risk. Hopkins and colleagues found that dosing of
ritonavir resulted in a >2-fold increase in the steady-state
area under the plasma concentration–time curve and
maximal concentration for six of the ten kinase inhibitors
studied.23 When the kinase inhibitor was co-administered
with ritonavir, dose reductions to 10–75% of the original
www.thelancet.com Vol 63 September, 2023
dose were required to achieve an area under the plasma
concentration–time curve within 1.25-fold of the value in
the absence of ritonavir.23 So, before prescribing this Pax-
lovid regimen, physicians should thoroughly evaluate the
concomitant medications, such as recreational drugs and
herbal supplements, since clinically significant drug–drug
interactions might be caused by ritonavir.24,25

In this study, the adverse events were comparable to
those of other studies and the phase 1 clinical study, with
the exception of an adverse event of grade-4 hyponatremia
in one participant in the RAY1216 group that may be
irrelevant to the study drug. Despite the absence of
definitive data on the prevalence of hyponatremia in
SARS-CoV-2-infected patients, Aggarwal et al. found that
half of COVID-19 patients had low sodium levels,26 and
Ho et al. reported COVID-19 patients presenting with
hyponatremia and seizures.27 Fluid overload as well as salt
and fluid loss through the kidney, gastrointestinal system,
and excessive sweating are all common causes of hypo-
natremia. In the current study, a 67-year-old woman had a
poor appetite, but the adverse events were thought to be
caused by dietary factors during the epidemic, and she
improved after the oral administration of rehydration
salts. There were no serious adverse reactions reported
among the three groups in this study, and the only
adverse reaction related to the study drug occurred in the
RAY1216 plus RTV group, which was hyper-
triglyceridemia that resolved without further intervention.

This study has several limitations that must be
addressed. First, the sample size and single-centre study
limited the clinical value of RAY1216 for COVID-19, and
future studies are needed to be performed in a multi-
centre setting. Second, although the results of this study
indicate that RAY1216 tablets significantly shorten the
time to viral clearance, statistical analysis of the partici-
pants’ prior infection status was not conducted, and se-
vere/critical patients were not included. Third, this study
was conducted in Sanya, China, where, according to the
prevailing Chinese policy at the time, all patients diag-
nosed with COVID-19 were required to receive hospital-
isation or centralised isolation treatment. However, in
other countries, COVID-19 patients were managed clini-
cally on an outpatient basis. Therefore, it remains unclear
whether the virological benefits reported in this study can
be consistently maintained in different environments. The
trial was conducted in a COVID population of not primary
clinical research interest, as they are healthy, young,
vaccinated participants. In a real-word setting, this popu-
lation is not usually treated due to extremely low risk of
clinical progression. Finally, we did not perform exami-
nations for the mutation and sub-lineages of SARS-CoV-2
as our study was conducted between August 14, 2022, and
September 26, 2022, during the peak period of Omicron
variant prevalence, and the Centres for Disease Control
and Prevention of Sanya, China, have shown that the
Omicron variant BA. 5.1.3, which was officially consid-
ered, was the strain of this epidemic in Sanya.
9
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In conclusion, the two dosage regimens of RAY1216
tablets both have clinical potential in the treatment of
SARS-CoV-2 infection if applied within 5 days of the
initial positive nucleic acid test result, and their antiviral
efficacies are comparable. Due to the limited study of
multiple drug combinations of RTV and RAY1216 and
the fact that RAY1216 monotherapy outperformed
RAY1216 plus RTV in terms of clinical outcomes,
particularly at 72 h after administration, RAY1216
monotherapy at 400 mg TID should be given priority as
the recommended dosing regimen.
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