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Abstract
Background: Clinical effectiveness of Azvudine against coronavirus infection and optimal time for
initiation of Azvudine treatment to hospitalized COVID-19 patients are not fully understood.

Methods: This is a multi-center retrospective cohort study, and five clinical centers of the Chinese People’s
Liberation Army General Hospital participated. From omicron pandemics, 6218 hospitalized patients
confirmed with COVID-19 from December 10, 2022, to February 20, 2023, were retrieved for this study.
After exclusions and propensity score matching , 428 Azvudine recipients and 428 controls were included
with a follow-up of 28 days. The primary outcome was all-cause mortality during 28 days of
hospitalization, and the secondary outcome was the proportion of patients with clinical improvement up
to day 28.

Results: The Azvudine group had a lower crude all-cause death rate when compared to the control group
(2.82 per 1000 person-days vs. 4.52 per 1000 person-days; HR: 0.63, 95%CI: 0.40-1.00; P=0.038). Notably,
the incidence rate of clinical improvement outcome was significantly higher in patients who received
Azvudine within 5 days from the onset of symptoms, compared to the control group (Median days: 9 vs.
10; P=0.007). Subgroup analyses showed that chronic lung disease and corticosteroid treatment acted as
protective factors (P=0.010; P=0.050).

Conclusions: Clinical effectiveness of Azvudine in improving all-cause mortality in COVID-19 patients was
seen, and initiation of Azvudine treatment within 5 days of the onset of symptoms was found to be
significant. Additionally, the findings revealed the protective effect of Azvudine in COVID-19 patients with
chronic lung disease.

Introduction
With the continuous spread of coronavirus and the emergence of infection with new variants worldwide,
the health care system is overburdened, impacting the global economy. The invention of therapeutics for
coronavirus disease 2019 (COVID-19) has been in progress. Azvudine, also known as FNC (2’-deoxy-2’-β-
fluoro-4’-azidocytidine), is a novel nucleoside reverse transcriptase inhibitor that has been proven to
possess antiviral effects against multiple viruses, such as HIV, HBV, HCV, and EV [1], and is now widely
used in COVID-19 treatment.

A previous randomized clinical trial performed in moderately affected COVID-19 patients showed that
Azvudine can accelerated the elimination of coronavirus, decreased the viral load significantly, and
shortened the time of nucleic acid to become negative, compared to the placebo group (Trial registration
number: NCT04668235) [2]. Similar conclusions were drawn in mild and severe COVID-19 cases by
subsequent studies [3]. In a single-center retrospective cohort study that analyzed 2118 hospitalized
patients from Xiangya Hospital in Changsha, Hunan province, Azvudine treatment resulted in a lower rate
of composite disease progression of COVID-19 in patients with pre-existing conditions, but had no
significant difference in all-cause death, compared to the control group [4]. Azvudine has been commonly
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recommended for COVID-19 patients in the Chinese Diagnosis and Treatment Protocol for COVID-19 (trial
version 10) [5], but the time of initiating Azvudine administration has not yet been recommended [1, 5]. To
the best of our knowledge, current studies mainly focus on the efficacy of Azivudine on nucleic acid
conversion time and symptom’s improvement [2]. There has been no retrospective cohort study that
elucidate the optimal initiation time of Azvudine administration .

Given the scarcity of real-world research data, this multi-center retrospective cohort study aimed to verify
the efficacy and safety of Azvudine treatment for COVID-19 during the period of the Omicorn pandemic,
and to identify the optimal initiation time for Azvudine treatment.

Methods

Study design and patientss’ characteristics
The data for this multi-center, retrospective cohort study was retrieved from five clinical centers of the
Chinese People’s Liberation Army General Hospital, which is the largest military hospital in China.

All patients confirmed with COVID-19 according to the diagnostic criteria of the Chinese Diagnosis and
Treatment Protocol for COVID-19 (trial version 10 ) between December 10, 2022, and February 20, 2023,
from five participating centers were included in the analysis. The exclusion criteria were as follows. (1)
Patients who were under 18 years old; (2) Patients who had more than 2 days from admission to
treatment; (3) Patients with hospitalization duration of less than 24 hours; (4) Patients who did not
received Azvudine or combination of Azvudine with other antiviral drugs; (5) Patients who were pregnant.

This research was approved by the Ethics Committee of People’s Liberation Army General Hospital (NO.
309202302230712). Informed consent was not required due to the retrospective nature of the study
design.

Data collection
The demographic and baseline clinical characteristics of all eligible patients, including age, sex, time
from the onset of symptoms to admission, previous comorbidities, CCI (Charlson Comorbidity Index),
eGFR at admission, concomitant treatment, respiratory support at admission, and laboratory testing were
extracted from the electronic health records.

Treatment exposure
Treatment exposure was defined as receipt of Azvudine treatment. All Azvudine recipients were treated
with oral Azvudine tablets 5 mg daily, for up to 14 days, as recommended in the medication manual.
Patients were observed from the admission date until the occurrence of outcome events up to day 28,
whichever occurred first.

Outcomes and definitions
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The primary outcome was all-cause death by day 28, and the secondary outcome was the proportion of
participants who showed clinical improvement through day 28.

To assess the clinical improvement, all enrolled patients were evaluated with a baseline score based on
the WHO clinical improvement ordinal scale at admission and reevaluated daily until day 28 or death,
whichever occurred first. The criterion of clinical improvement was a decrease in score based on the WHO
clinical improvement ordinal scale (on a scale of 0 to 8, with higher scores indicating greater severity)
with at least two points compared with the baseline score.

To assess drug adverse events, new onset of liver and kidney dysfunction was considered. New liver
function impairment was defined as an increase of ALT(alanine aminotransferase) or AST(aspartate
aminotransferase) above 200 U/L. New onset renal impairment was defined as eGFR of < 
30mL/min/1.73 m2 compared with eGFR of ≥ 30mL/min/1.73 m2 at admission.

Covariates
Baseline covariates of all enrolled patients were age, CCI, clinical improvement score at baseline,
corticosteroids treatment, malignant tumor, liver disease, diabetes mellitus, chronic renal disease, nucleic
acid positive, time from the onset of symptoms to admission, eGFR, primary diagnosis of COVID-19, solid
organ transplant, hypertension, coronary heart disease, cerebrovascular disease, Alzheimer's disease, and
tocilizumab treatment.

Statistical analysis
Numbers and percentages were used to describe categorical variables. Mean ± standard deviation (SD) or
the median with the interquartile range (IQR) was used to describe continuous variables. Student’ s t-test,
Wilcoxon rank test, or chi-square test was used to test the differences in baseline characteristics.

Propensity score matching (PSM) (1:1) was used to match the Azvudine group and the control group to
reduce the confounding bias of potential risk factors. The two groups were adjusted for covariates
including age, CCI, clinical improvement score at baseline, corticosteroids treatment, malignant tumor,
liver disease, diabetes mellitus, chronic renal disease, nucleic acid positive, time from the onset of
symptoms to admission, eGFR, primary diagnosis of COVID-19, solid organ transplant, hypertension,
coronary heart disease, cerebrovascular disease, Alzheimer's disease, and tocilizumab treatment, which
were selected based on professional knowledge and information from previous studies.

The caliper’s matching algorithm was used without replacement, which was designed with a caliper value
of 0.2 for the matching procedure. Love plot showing absolute standardized mean differences (ASMD)
evaluated the covariates balance before and after PSM, with a threshold of 0.1 which was applied for
determining imbalance [6]. All analysis was performed on the matched sample.

The primary analysis was to assessed the associations between Azvudine treatment and all-cause death
within 28 days of hospital admission. A cumulative incidence of study outcome was calculated based on
the Kaplan-Meier estimator, using the Log-rank test applied for inference. The crude incidence rate per
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1000 person-days of outcomes was also calculated. The Cox proportional hazard regression was used to
estimated the hazard ratio (HR) and 95% confidence intervals (CI) associated with the treatment
exposure. A frailty term was added to the Cox models to account for heterogeneity between study centers
[7].

We also performed sensitivity analyses. First, we performed stratified analysis based on the duration
from the onset of symptoms to treatment initiation (≤ 5 days; > 5 days). Second, we performed subgroup
analyses based on selected baseline characteristics, with the application of the Z test for detecting
interactions. Third, we compared drug adverse events between groups, with the use of the Wald method
to calculate risk ratio (RR). Finally, the days to the occurrence of study outcomes were compared between
groups, in addition to modeling the hazard function of study outcomes and estimating the HR.

All statistical analyses were performed using SAS software, version 9.4 (SAS Institute Inc,Cary, NC, USA)
and R language version 3.6.2 (R Foundation, Vienna, Austria), with a two-tailed alpha of 0.05 referred to
as a statistically significant level.

Results

Characteristics of patients
A total of 6218 hospitalized patients confirmed with COVID-2019 during the Omicron pandemic period
were considered for this study. Of these patients, 2287 were excluded due to the exclusion criteria.
Finially, 428 Azvudine recipients and 428 controls were included in the analyses after propensity score
matching to verify the efficacy and safety of Azvudine treatment for COVID-19 (Fig. 1).

Propensity score matching accounted for age, CCI, clinical improvement score at baseline, corticosteroids
treatment, malignant tumo, liver disease, diabetes mellitus, chronic renal disease, nucleic acid positive,
time from the onset of symptoms to admission, eGFR, primary diagnosis of COVID-19, solid organ
transplant, hypertension, coronary heart disease, cerebrovascular disease, Alzheimer's disease, and
tocilizumab treatment (Supplementary Fig. S1).Table 1 shows the demographics and clinical
characteristics of the Azvudine and control groups before and after 1:1 propensity score matching
(Supplementary table S1).

 

All-cause death and clinical improvement outcomes
After propensity score matching, the crude all-cause death rate was 2.82 per 1000 person-days in patients
who received Azvudine compared to 4.52 per 1000 person-days in the control group (P<0.05).The crude
incidence rate of clinical improvement outcome was 57.83 per 1000 person-days in Azvudine group and
52.06 per 1000 person-days in control group with no statistical difference between the two groups
(Median days: 12 vs. 11; P>0.05) (Fig. 2, Table 2).
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Sensitivity analyses
Upon subgroup analyses, the all-cause death rate was lower in patients who received Azvudine within 5
days from the onset of symptoms compared to the control group (P<0.05) (Fig. 3). Notably, the incidence
rate of clinical improvement outcome was significantly higher in patients who received Azvudine within 5
days from the onset of symptoms compared with the control group (Median days: 9 vs. 10; P<0.01)
(Fig. 3). The incidence rate of all-cause death and clinical improvement in patients who received Azvudine
more than 5 days from the onset of symptoms did not differ from the control group (P>0.05)
(Supplementary Fig. S2).

Further, the subgroup analysis did not find any other interaction factors except for identifying chronic
lung disease and corticosteroid treatment as protective factors(P<0.05; P = 0.05). The subgroup analysis
did not show any significant results for all-cause death (Fig. 4).

Adverse events
The incidence of new onset of liver impairment in the Azvudine group was lower than in the control group
(2.6% vs. 6.1%; P<0.05), the incidence of new kidney impairment between the two groups did not differ
significantly (2.3% vs. 4.4%, P>0.05) (Supplementary Table S2).

Discussion
In this multi-center retrospective cohort study that analyzed hospitalized COVID-19 patients, Azvudine
treatment resulted in a lower rate of all-cause death compared to the control group. In the subgroup
analyses, patients who received Azvudine within 5 days from the onset of symptoms showed a
significantly higher clinical improvement rate compared to the control group, which was consistent with
the outcome of the survival rate. To the best of our knowledge, this was the first multi-center retrospective
cohort study that highlighted the significance of initiation of Azvudine treatment within 5 days of the
onset of symptoms for COVID-19. This retrospective analysis provided real-world evidence for the optimal
initiation time of Azvudine treatment.

As the first launched Chinese oral anti-COVID-19 drug [8], Azvudine exhibited antiviral activity effectively
against coronavirus in preliminary clinical trials [2, 4, 9, 10, 11]. Meanwhile, several retrospective cohort
studies suggested that Azvudine showed more effectiveness in hospitalized COVID-19 patients compared
with Nirmatrelvir-ritonavir and Paxlovid in terms of composite disease progression outcome [12, 13]. In
this retrospective analysis, the crude all-cause death rate was 2.82 per 1000 person-days in patients who
received Azvudine vs. 4.52 per 1000 person-days in the control group, suggesting that Azvudine
administration caused a lower mortality rate. Consistently, a previous single-center retrospective cohort
study conducted in Xiangya Hospital founded that Azvudine treatment was associated with a reduced
risk of composite disease progression and all-cause mortality in COVID-19 patients [4].
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Notably, this retrospective study found that the rate of clinical improvement outcome was significantly
higher in patients who received Azvudine within 5 days from the onset of symptoms compared with the
control group (P<0.05). Moreover, this protective effect was more pronounced in patients with chronic
lung disease and patients received corticosteroid treatment simultaneously. However, initiating Azvudine
administration after five days of the onset of symptoms did not have statistically significant clinical
improvement. The reason for no difference in the overall clinical improvement rate might have been that
the majority of the Azvudine recipients initiated Azvudine treatment after five days from the onset of
symptoms in the two groups. Therefore, the findings suggested that early administration of Azvudine in
clinical practice can better improve clinical outcomes. Nevertheless, more real-world studies are needed to
substantiate this conclusion.

Previous studies found that males, aged over 65 with smoking habit and comorbidities were at high-risk
of developing into the critical or mortal conditions [14, 15, 16]. Thus, the current subgroup analyses
included diverse factors such as age, sex, previous comorbidities, concomitant treatment, and respiratory
support at admission. Some previous studies showed that Azvudine provided better protection in male
and elderly patients [4, 9]. A previous study conducted in Shanghai found that Azvudine improved 60-day
mortality among severely and critically ill patients with COVID-19 who received one or more therapeutic
interventions [17]. This current subgroup analysis found the simultaneous administration of
corticosteroids with Azvudine as a protective factor. Additionally, the subgroup analyses showed that
Azvudine treatment significantly benefited COVID-19 patients with chronic lung disease in clinical
improvement. Patients with chronic lung disease may have been more vulnerable to coronavirus and may
have initiated cytokine storm and had more pulmonary complications after being infected with the
coronavirus [18]. However, deciphering the potential mechanism requires more investigations.

This retrospective study also focused on some vulnerable populations such as solid organ transplant
recipients and immunocompromised patients (including hematological cancers and other malignant
tumors). Previous studies found that antiviral drugs can accelerated the virus clearance and improved the
prognosis on solid organ transplant recipients and patients undergoing hemodialysis with COVID-19 [19,
20]. Perhaps due to the small number of patients analyzed, the study results did not show that Azvudine
had a protective effect in organ transplant recipients or immunocompromised patients.

Azvudine has shown desirable pharmacokinetic properties, with excellent efficacy and safety, in its initial
clinical trials (NCT04303598, CXHS2000016, CXHS2000017) [21]. In this study, the rate of new onset of
liver impairment in the Azvudine group was lower than in control group, and the incidence of new kidney
impairment did not differ significantly between the two groups. However, due to the small number of
adverse events, we did not evaluate the potential drug-to-drug interactions. Thus, larger sample size
studies are needed to assess the safety of Azvudine in real-world situation.

The advantages of this retrospective study were multi-center data and a considerable sample size design.
Further diverse COVID-19 patients were included, including patients with previous comorbidities, patients
who needed oxygen support at admission or not, and solid organ transplant patients, which made the



Page 9/15

findings more credible and closer to the real-world situation. Nevertheless, there were still some
limitations in this study. First, due to the change of medical policy at that time, not all patients were tested
for nucleic acid during the follow-up, and therefore, we did not analyze the changes in nucleic acid CT
values. Second, there might have been still unadjusted confounding variables related to the disease
severity. Third, recent studies have showed that antiviral treatment in vaccinated COVID-19 patients
reduced the risk of hospitalization or progression [22, 23]. Due to the limited clinical data, it was unclear
whether the vaccine status had an impact on this study’s findings.

In conclusion, this study’s findings confirmed the clinical effectiveness of Azvudine in improving all-cause
mortality of COVID-19 patients, and highlighted the significance of initiation of Azvudine treatment within
5 days of the onset of symptoms. Additionally, this study revealed the protective effect of Azivudine on
patients with chronic lung disease.
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Tables
Table 1. The demographic and clinical characteristics of all participants before and after the propensity
score matching

 

 

Table 2. All-cause death and clinical improvement outcomes in the Azvudine group versus matched
controls.
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Figures

Figure 1

Identification of Azvudine recipient and control group in this study
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Figure 2

The cumulative incidence of all-cause death (A) and clinical improvement (B) in the Azvudine group
versus matched controls.

Figure 3

The cumulative incidence of all-cause death (A) and clinical improvement (B) in the Azvudine group
(received Azvudine within 5 days from the onset of symptoms) versus matched controls.
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Figure 4

The subgroup analysis of the effectiveness of Azvudine treatment in reducing all-cause death (A) and
improving clinical improvement (B)
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