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Summary
Background As the COVID-19 pandemic continues to spread, the number of associated deaths continues to increase,
especially among those with pre-existing conditions. Azvudine is recommended as a priority treatment for patients
with COVID-19, but its efficacy in patients with pre-existing conditions is unknown.

Methods This is a single-centre, retrospective cohort study between December 5, 2022 and January 31, 2023 in Xiangya
Hospital of Central South University in China to evaluate the clinical efficacy of Azvudine in hospitalised patients with
COVID-19 and pre-existing conditions. Patients with Azvudine and controls were propensity score-matched (1:1) for
age, gender, vaccination status, time from symptom onset to treatment exposure, severity at admission, concomitant
treatments initiated at admission. The primary outcome was a composite outcome of disease progression, and the
secondary outcome was each of these individual disease progression outcomes. The univariate Cox regression model
was used to estimate a hazard ratio (HR) with 95% confidence interval (CI) for each result between the groups.

FindingsWe identified 2118 hospitalised patients with COVID-19 during the study period, with a follow-up of up to 38
days. After exclusions and propensity score matching, we included 245 Azvudine recipients and 245 matched
controls. Azvudine recipients had lower crude incidence rate of composite disease progression outcome compared
with matched controls (7.125/1000 person-days vs. 16.004/1000 person-days, P = 0.018). There was no significant
difference in all-cause death between these two groups (1.934/1000 person-days vs. 4.128/1000 person-days,
P = 0.159). Azvudine treatment was associated with significantly lower risks of composite disease progression
outcome compared with matched controls (HR: 0.49; 95% CI: 0.27–0.89, P = 0.016). A significant difference in
all-cause death was not found (HR: 0.45; 95% CI: 0.15–1.36, P = 0.148).

Interpretation These findings indicate that Azvudine therapy showed substantial clinical benefits in hospitalised
patients with COVID-19 and pre-existing conditions, and should be considered for this population of patients.
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Research in context

Evidence before this study
We searched PubMed for publications without language
restriction, published before March, 28th, 2023, using search
terms “SARS-CoV-2” or “COVID-19”, and “Azvudine”. A few
small clinical studies compared the efficacy of Azvudine with a
control cohort, yet these studies did not report the efficacy of
Azvudine in hospitalized COVID-19 patients with pre-existing
conditions.

Added value of this study
We conducted this propensity score-matched retrospective
cohort study to investigate the efficacy of Azvudine in

treating COVID-19 patients with pre-existing conditions,
using the data from Xiangya Hospital. Our findings suggested
that Azvudine treatment was associated with significantly
lower risks of composite disease progression outcome.
Sensitivity analyses were also performed and arrived at
generally similar results globally.

Implications of all the available evidence
Among COVID-19 patients with pre-existing conditions,
Azvudine therapy showed substantial clinical benefits in
composite disease progression outcome, and should be
considered for this population of patients.
Introduction
As Omicron strain of the SARS-CoV-2 virus emerge and
spread, it poses a huge threat to global public health,
especially in China, where COVID-19 prevention and
control measures are changing.1 Patients with pre-
existing comorbidities such as chronic obstructive pul-
monary disease and active cancer are at increasing risk
of hospitalization, re-hospitalization and COVID-19-
related mortality,2,3 highlighting the significance of
close attention and active treatment to those patients.

Several therapeutic agents have been authorised for
the treatment of patients with COVID-19, including
Paxlovid, molnupiravir and Azvudine.4–6 Paxlovid and
molnupiravir have been shown to reduce hospitalization
or death among patients with COVID-19 who do not
require hospitalization or supplemental oxygen both in
clinical trials and in real-world populations.7–12 However,
the effectiveness of Azvudine, the first Chinese oral anti-
COVID-19 drug, in patients with COVID-19 was only
reported in several clinical trials with small sample size.
Specifically, a randomised, single-arm clinical trial on
compassionate use demonstrated that Azvudine could
shorten the time for nucleic acid negative conversion in
31 moderate and severe patients with COVID-19
without adverse effects.13 Another randomised, open-
label, controlled clinical trial suggested that Azvudine
might shorten the nucleic acid negative conversion time
vs. standard antiviral treatment in the mild and com-
mon patients with COVID-19.14 Moreover, Azvudine
could significantly shorten the symptom improvement
time and increase the proportion of patients with
COVID-19 and improved clinical symptoms in an un-
published phase 3 multicentre randomised clinical
study.6 Our previous study also showed that Azvudine
helped to improve the prognosis in general patients with
COVID-19.15 However, whether Azvudine reduces the
adverse clinical outcomes in hospitalised patients with
COVID-19 with pre-existing comorbidities remains
unknown.

In this retrospective cohort study, we aimed to eval-
uate the clinical efficacy of Azvudine in hospitalised
patients with COVID-19 and pre-existing comorbidities
in Xiangya Hospital, one of the largest hospitals in
China. To our knowledge, this is the first real-world
study to explore the use of the oral antiviral Azvudine
in hospitalised patients with COVID-19 and pre-existing
conditions. Two key issues were explored: Whether
Azvudine is effective in treating patients with COVID-19
and pre-existing conditions in terms of composite dis-
ease progression outcome? And whether Azvudine is
consistently effective in patients with different
comorbidities?
Methods
Study design and patients
We performed a single-centre, retrospective cohort
study in Xiangya Hospital from December 5, 2022 to
January 31, 2023. We included all participants who 1)
were hospitalised patients with pre-existing comorbid-
ities and positive RT-PCR for SARS-CoV-2 infection;
and 2) obtained standard treatment or Azvudine plus
standard treatment. The standard treatment is based on
Chinese Diagnosis and Treatment Protocol for COVID-
19 (Trial Version ten) and Diagnosis and Treatment
Scheme of Novel Coronavirus in Xiangya Hospital of
Central South University (Trial).16,17 We excluded par-
ticipants who 1) were younger than 18 years; 2) received
antiviral agents other than Azvudine; or 3) who got non-
invasive or invasive respiratory support on the date of
www.thelancet.com Vol 59 May, 2023
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admission. Our research has been approved by the
institutional review committee of Xiangya Hospital,
Central South University (202002024). All patients in
the retrospective cohort study were anonymous and the
individual informed consent was not required.

Data source
Electronic health records of patients with COVID-19
were retrieved from the inpatient system of Xiangya
Hospital. The records included demographic character-
istics, admission date, time from symptom onset to
admission, pre-existing conditions, prescription and
drug dispensing records, laboratory tests, admission to
the ICU, and date of discharge or death. The health
records were then linked with anonymised vaccination
records provided by the Department of Immunization,
Centre for Disease Control and Prevention of Hunan
Province using unique identification numbers (China
Identity Card). The vaccine information was accessible
only in patients vaccinated in Hunan province, but not
in patients vaccinated in other provinces, so the patients
were marked as vaccinated status if their vaccine infor-
mation was accessible, otherwise marked as unknown
status. The data were consecutively collected until the
planned time point.

Treatment exposure
During hospitalization, the treatment of patients with
COVID-19 oral Azvudine (5 mg once a day for less than
14 days) was considered as therapeutic exposure. We
defined the treatment exposure period as within the first
2 days of admission to mitigate potential immortal time
bias between treatment initiation and admission.11,18

Controls were selected from the hospitalised patients
with COVID-19 who did not receive Azvudine or other
antiviral agents during the observation period, using
propensity-score matching in a ratio of 1:1. We also tried
a 1:2 matching, but the number of Azvudine recipients
would drop dramatically. Since the conclusions were
consistent, we just provided 1:1 matching data in the
study.

Outcomes
The primary outcome was a composite outcome of
disease progression including non-invasive respiratory
support, initiation of endotracheal intubation, intensive
care unit admission and all-cause death, and the sec-
ondary outcome was each of these individual disease
progression outcomes. We collected patient outcomes
from the date of admission to occurrence of outcome
event, discharge date, or the date of death, whichever
came first, and rates of the outcomes per 1000 person-
days were analysed.

Baseline covariates
Baseline covariates of patients included age, sex,
COVID-19 vaccination status (vaccinated or unknown),
www.thelancet.com Vol 59 May, 2023
time from symptom onset to treatment exposure (within
or beyond 5 days), severity of COVID-19 on admission
(severe cases were defined as having respiratory rate
≥30 times per minute, or oxygen saturation ≤93%, or
PaO2/FiO2 ≤ 300 mmHg, or lung infiltrates >50%),
concomitant treatments initiated at admission (systemic
steroid, antibiotics and immunomodulators). Body mass
index were not included due to a large amount of
missing data. Patients’ symptoms and laboratory test
parameters at admission were also collected and
described in our study.

Statistical analysis
The propensity-score models conditional on baseline
covariates (age, sex, vaccination status, time from
symptom onset to treatment, severity of COVID-19,
concomitant treatments initiated at admission) was
applied. We estimated the probability of receiving
Azvudine through an approach of caliper matching
without replacement, with a caliper width of 0.2. The
balance of baseline covariates between groups before
and after propensity score matching was assessed by
standardised mean difference (SMD). If SMD is greater
than 0.1, it means that the covariates are unbalanced.19

The univariate Cox regression model was used to esti-
mate a HR with 95% confidence interval (CI) for each
result between the groups. Subgroup analyses were
performed at each level of the baseline covariates above
to assess the robustness of the estimates. All statistical
analyses were performed with R version 4.2.1. The level
of significance was two-tailed 0.05 for statistical tests.

Role of the funding source
The funding sources had no role in the study design; in
the collection, analysis, and interpretation of data; in the
writing of the report; or in the decision to submit the
article for publication. All the authors had full access to
all the data in the study and agree to submit the
manuscript for publication.
Results
Data of 2118 hospitalised patients with confirmed
diagnosis of SARS-CoV-2 infection admitted to Xiangya
Hospital were consecutively collected, and with a follow-
up for 38 days. Following the exclusion criteria, a total of
245 Azvudine recipients and 722 controls did not
receive respiratory support therapy at baseline were
eligible for inclusion (Fig. 1). Table 1 showed the base-
line characteristics of Azvudine and the control groups
before and after 1:1 matching of propensity score. There
was no missing data in demographic characteristics,
admission date, time from symptom onset to admis-
sion, pre-existing conditions, prescription and drug
dispensing records, admission to the ICU, and date of
discharge or death records. As for the missing data in
COVID-19 vaccination status, we have adjusted the
3
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Hospitalized patients with COVID-19
during Dec 05, 2022 to Jan 31, 2023 

(N=2118)

Azvudine
(n=245)

Excluded due to:
• Aged under 18 years  or receiving oxygen treatment at 

admission (n=363)
• Receiving other antiviral agents (n=537)
• No preexisting conditions (n=251)

1:1 Matched controls
(n=245)

Unmatched (n=477)

Controls
(n=722)

Fig. 1: Identification of Azvudine recipients and their matched controls among hospitalised patients with COVID-19 and pre-existing
conditions during the study period. Our analyses include only hospitalised patients with pre-existing comorbidities and positive RT-PCR
for SARS-CoV-2 infection.
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information in the propensity score matching. The
covariates, coefficients, standard errors and P values of
the propensity score model were shown in
Supplementary Table S1. After matching, we eventually
enrolled 245 Azvudine recipients and 245 matched
controls, with a balanced baseline features between the
two groups and the SMD lower than 0.1 (Supplementary
Fig. S1). About 87.3% patients were treated with Azvu-
dine above 5 days of the symptom’s onset, and more
than 64.1% patients were diagnosed as severe COVID-
19 with pre-existing conditions. The laboratory param-
eters were shown between the groups in general. There
exist missing data in laboratory tests. We have marked
the number of patients in the items examined in the
laboratory tests (Supplementary Table S2).

The crude incidence rate of composite disease pro-
gression outcome was 7.125 per 1000 person-days in
patients treated with Azvudine vs. 16.004 per 1000
person-days in the control group (P = 0.018). The crude
all-cause death rate was 1.934 per 1000 person-days
among Azvudine recipients and 4.128 per 1000
person-days among the controls (P = 0.159). There were
no statistical differences between these two groups in
the rates of intensive care unit admission (P = 0.911),
initiation of invasive mechanical ventilation (P = 0.728)
and non-invasive respiratory support (P = 0.056)
(Table 2). Azvudine treatment was associated with
significantly lower risks of composite outcome (hazard
ratio [HR]: 0.49; 95% CI: 0.27–0.89). Significant differ-
ence in all-cause death was not found (HR: 0.45; 95%
CI: 0.15–1.36, P = 0.148) (Fig. 2).

Subgroup analyses of composite disease progression
outcome indicated robustness of the composite disease
progression outcomes in general, and the results were
significant among patients aged between 18 and 65
years, men, time from symptom onset to exposure less
than 5 days, severe COVID-19 at admission, and
receiving systemic steroid and antibiotics. Subgroup
analyses based on comorbidities indicated robustness of
the point estimates of HRs; however, the 95% CIs were
broad due to the sample size. Subgroup analyses of all-
cause death did not detect significant results (Fig. 3).
Discussion
In this retrospective cohort study of hospitalised patients
with COVID-19 and pre-existing conditions, we found
that administration of Azvudine was associated with a
significantly reduced risk of composite disease pro-
gression outcome, particularly in men and patients with
severe COVID-19. Although the 95% CI range was wide
in subgroup analyses, most of point estimates of HRs
for baseline covariates and comorbidities fell to the left
of 1, suggesting the protective effect of Azvudine on
patients with COVID-19 and pre-existing conditions. To
our best knowledge, this is the first real-world study to
explore the efficacy of oral Azvudine in hospitalised
patients with COVID-19 and pre-existing conditions
during the pandemic wave in China.

In our study, the crude incidence rate of all-cause
death was 2.04% among Azvudine recipients and
3.67% among the controls, and the rate of composite
outcome of the two groups was 6.94%, and 12.65%,
respectively. These results were consistent with the
interim analysis of an unpublished phase 3 multi-centre
randomised clinical study6 and our previous real-world
study.15 Interestingly, we found that Azvudine had a
stronger protective effect on severe patients with
COVID-19 who were not recommended for the use of
Paxlovid and molnupiravir.20,21 A previous single arm
www.thelancet.com Vol 59 May, 2023
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Baseline characteristics Before matching After 1:1 propensity-score matching

Azvudine (n = 245) Controls (n = 722) SMD Azvudine (n = 245) Matched controls (n = 245) SMD

Age (years), mean (SD) 69.13 (13.4) 66.89 (14.8) 0.159 69.13 (13.4) 69.25 (14.0) 0.022

Gender, n (%) 0.079 0.025

Male 154 (62.9) 426 (59.0) 154 (62.9) 157 (64.1)

Female 91 (37.1) 296 (41.0) 91 (37.1) 88 (35.9)

COVID-19 vaccination status 0.010 0.016

Vaccinated 118 (48.2) 344 (47.6) 118 (48.2) 120 (49.0)

Unknown 127 (51.8) 378 (52.4) 127 (51.8) 125 (51.0)

Time from symptom onset to treatment exposure, n (%) 0.334 0.012

>5 days 214 (87.3) 537 (74.4) 214 (87.3) 215 (87.8)

0–5 days 31 (12.7) 185 (25.6) 31 (12.7) 30 (12.2)

Severity at admission, n (%) 0.189 0.060

Non-severe 88 (35.9) 196 (27.1) 88 (35.9) 81 (33.1)

Severe 157 (64.1) 526 (72.9) 157 (64.1) 164 (66.9)

Concomitant treatments initiated at admission, n (%)

Systemic steroid 64 (26.1) 152 (21.1) 0.119 64 (26.1) 56 (22.9) 0.076

Antibiotics 130 (53.1) 265 (36.7) 0.333 130 (53.1) 138 (56.3) 0.065

Immunomodulators 25 (10.2) 57 (7.9) 0.080 25 (10.2) 22 (9.0) 0.042

SMD, Standard mean difference.

Table 1: Baseline characteristics of the participants.

Articles
clinical trial reported that all patients with severe
COVID-19 were recovered after oral Azvudine.13 Azvu-
dine could concentrate in the thymus with its active
form after oral administration, effectively inhibit the
replication of SARS-CoV-2 in vivo, and protect the im-
mune function of the thymus.13 This might explain the
strong protective efficiency of Azvudine in treating se-
vere hospitalised patients with COVID-19 and pre-
existing conditions. Moreover, male recipients of
Azvudine had a much better composite outcome
compared with female recipients. Similar results were
obtained in the previous in vitro test results of molnu-
piravir, another nucleoside-based RdRp inhibitor for
COVID-19 treatment. Lieber et al. found that lung virus
titer reductions in molnupiravir-treated males were
highly significant compared to vehicle-treated males, but
not in molnupiravir-treated females.22 However, the
potential mechanism by which male patients with
Outcome Azvudine

n (%) rate per 1

Composite outcome, n (%) 17 (6.94) 7.125

All-cause death, n (%) 5 (2.04) 1.934

Intensive care unit admission, n (%) 2 (0.82) 0.838

Initiation of invasive mechanical ventilation, n (%) 2 (0.82) 0.838

Non-invasive respiratory support, n (%) 16 (6.53) 6.706

aP value for log-rank test.

Table 2: Composite and individual outcomes in Azvudine group vs. matched

www.thelancet.com Vol 59 May, 2023
COVID-19 and benefit better from Azvudine requires
further investigation.

Real-world research evidence is increasingly impor-
tant for evaluating post-marketing effectiveness of
drugs, which is the practice of translating the results of
randomised controlled trials into real-world clinical ap-
plications.23 Patients enrolled in randomised controlled
trials are highly selected with a variety of demanding
conditions, for which are not comparable to more het-
erogeneous populations in clinical practice.24 Our real-
world research included a number of patients with
variable treatment patterns and various alternative in-
terventions in practice, which could better reflect the
real efficacy of Azvudine for the management of hos-
pitalised patients with COVID-19 and pre-existing con-
ditions. It’s worth to noting that clinicians should
carefully evaluate the renal function in patients with
COVID-19 and chronic kidney diseases. Azvudine dose
Controls

000 person-days n (%) rate per 1000 person-days Pa

31 (12.65) 16.004 0.018

9 (3.67) 4.128 0.159

1 (0.41) 0.516 0.911

2 (0.82) 1.033 0.728

26 (10.61) 13.423 0.056

controls.
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Fig. 2: Cumulative incidence of composite disease progression outcome (A) and all-cause death (B) for Azvudine recipients vs. matched
controls. Day 0 (baseline) represents the first day of admission to hospital. The composite disease progression outcome consists of non-invasive
respiratory support, initiation of endotracheal intubation, intensive care unit admission and all-cause death.
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should be adjusted to 3 mg/day when eGFR is
30–60 ml/min in patients with renal insufficiency, and
Azvudine is not recommended in patients with eGFR
less than 30 ml/min.25

Our study also has some unavoidable limitations.
Firstly, although the data from all patients with COVID-
19 and were collected continuously and adjusted for
possibility of selection bias and confounding factors
associated with a high risk of severe COVID-19, we
could not rule out the possibility of selection bias or
confounding of indications in the retrospective cohort
study. Secondly, we conducted a single-centre retro-
spective study with small sample size in Hunan prov-
ince, and failed to provide data from other regions and
different ethnic groups. The included cohort can only be
considered to be representative in Hunan province, and
studies on the efficacy of Azvudine in different regions
and ethnicities should be carried out. Thirdly, Omicron
was the dominant strain in China during the period,
although we did not test the viral strain in these patients.
Whether Azvudine is effective against other strains still
needs to be investigated. Fourthly, we did not evaluate
the effect of other drugs on the efficacy of Azvudine.
Clinicians should pay more attention to the patient’s
concomitant medications and evaluate potential drug–
drug interactions. Finally, we did not evaluate the
adverse effects or the long-term efficacy of Azvudine.
Multi-centre clinical studies with larger samples and
long follow-up are needed in the future.
In conclusion, our findings suggest that Azvudine
treatment in patients with COVID-19 and pre-existing
conditions significantly reduces the risk of composite
disease progression outcome in real-world clinical
practices.
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Fig. 3: The effectiveness of Azvudine in reducing the risk of composite disease progression outcome and risk of all-cause death by
subgroups of selected baseline characteristics. Abbreviation, COPD, chronic obstructive pulmonary disease. Ellipsis (…) means that the model
does not converge due to few outcomes; Horizontal lines indicate the ranges of the 95% CIs and the vertical dash lines indicate the hazard ratio
of 1.
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