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Cancer significantly contributes to the unfavorable prognosis of coronavirus disease 2019 (COVID-19) 
patients. The efficacy and safety of azvudine and nirmatrelvir/ritonavir (Paxlovid) in cancer patients 
with COVID-19 remain uncertain. Therefore, we designed a comprehensive retrospective study 
encompassing clinical data of 32,864 hospitalized COVID-19 patients, 691 of whom were cancer 
patients treated with azvudine and 200 were cancer patients treated with Paxlovid. After 2:1 
propensity score matching, 397 patients in the azvudine group and 199 patients in the Paxlovid 
group were enrolled. Cox regression analysis revealed the risk of all-cause death (HR: 1.84, 95% CI: 
1.059–3.182, P = 0.030) and composite disease progression (HR: 1.70, 95% CI: 1.043–2.757, P = 0.033) 
were greater in the Paxlovid group than in the azvudine group. Two sensitivity analyses confirmed the 
robustness of our findings. The safety analysis of adverse events revealed no statistically significant 
differences between the two groups. In conclusion, we carried out the first analysis to compare the 
efficacy and safety of azvudine and Paxlovid in cancer patients with COVID-19 and demonstrated that 
azvudine significantly reduced the risk of all-cause death and composite disease progression among 
cancer patients with COVID-19 compared with Paxlovid.
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The prevalence of cancer poses a significant global challenge in the realm of public health and remains a prominent 
cause of mortality1. According to the 2020 Global Cancer Statistics, 19.3 million new cancer cases and nearly 
10 million cancer-related fatalities are estimated to have occurred worldwide in 20202. Furthermore, given the 
rapid population growth, aging demographics, and cumulative impact of risk factor exposure, cancer mortality 
rates are anticipated to continue to escalate, which burdens numerous countries with both pathogen-related 
infections and a progressively westernized lifestyle3. Hence, safe and efficacious pharmaceutical interventions to 
ameliorate the global cancer landscape are urgently needed.

Cancer patients typically experience compromised health and are characterized by immune suppression due 
to malignant tumors, rendering them more susceptible to infections than noncancer patients4,5. Additionally, 
specific cancer treatments and longer hospital stays may further increase the risk of infection in cancer patients6,7. 
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a member of the coronavirus family 
characterized by its single-stranded RNA structure, which has led to the global outbreak of coronavirus disease 
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2019 (COVID-19) that precipitated an unprecedented global health crisis8,9. Multiple studies have demonstrated 
that compared with noncancer patients, cancer patients are more susceptible to COVID-19 infection and have 
severe clinical complications and a poorer prognosis10–12. Therefore, controlling SARS-CoV-2 infection is crucial 
for the treatment of cancer patients, and the use of antiviral drugs is the most effective way to achieve this goal.

Nirmatrelvir/ritonavir (Paxlovid) and azvudine are two prominent antiviral agents that have obtained 
approval for the treatment of COVID-19. Paxlovid can effectively reduce the risk of progression to severe illness 
among COVID-19 patients, which significantly reduces the mortality rate13,14. Azvudine, a nucleoside analog, 
exhibits dual-targeting capabilities against reverse transcriptase and viral infectivity factor and initially gained 
approval in China for the treatment of adult patients infected with HIV-115,16. Azvudine not only shortens 
the time of first nucleic acid negative conversion in patients with mild and moderate COVID-1917, but also 
has significant therapeutic effects on the average nucleic acid negative conversion time and recovery rate in 
patients with moderate to severe COVID-1918. Although both interventions have demonstrated certain efficacy 
in suppressing SARS-CoV-2, the current evidence remains insufficient to support their utilization in cancer 
patients with COVID-19.

To the best of our knowledge, no specific study has been conducted to compare the efficacy and safety of 
azvudine and Paxlovid in reducing the risk of all-cause death and composite disease progression in cancer patients 
with COVID-19. Therefore, in this study, we collected the clinical data of cancer patients with COVID-19 from 
nine hospitals in Henan, China, and conducted a retrospective analysis to investigate the efficacy and safety of 
oral azvudine and Paxlovid for cancer patients with COVID-19.

Methods
Study design and patient information
From December 5, 2022, to January 31, 2023, cancer patients infected with SARS-CoV-2 were selected from nine 
hospitals in Henan Province, including the First Affiliated Hospital of Zhengzhou University, Fengqiu County 
People’s Hospital, the Fifth People’s Hospital of Anyang, Henan Infectious Disease Hospital, Shangqiu Municipal 
Hospital, Luoyang Central Hospital, Nanyang Central Hospital, Guangshan County People’s Hospital, and 
Henan Provincial Chest Hospital. The demographic characteristics, medical history, diagnosis, prescriptions, 
admission and discharge dates, laboratory test results, imaging findings, intensive care unit admission dates, and 
dates of death were extracted from the hospital electronic medical records.

The inclusion criteria for the study were as follows: (a) hospitalized cancer patients with concurrent SARS-
CoV-2 infection and (b) patients receiving oral azvudine or Paxlovid. The exclusion criteria were as follows: (a) 
patients under the age of 18 years; (b) patients without cancer; (c) patients receiving other antiviral regimens.

Group information
The enrolled patients were stratified into two cohorts based on their allocation to either the azvudine or the 
Paxlovid group. The azvudine cohort received a daily dose of 5 mg, whereas the Paxlovid cohort was administered 
nirmatrelvir at a dosage of 300 mg and ritonavir at a dosage of 100 mg twice daily.

Baseline covariates
The baseline covariates for the patients included age, sex, body mass index, severity of COVID-19 at 
admission, time from diagnosis to treatment exposure, concomitant systemic steroids, the primary tumor 
site and metastasis and the presence of clinical comorbidities, including diabetes, hypertension, liver diseases, 
cardio-cerebral diseases, and kidney diseases. Relevant laboratory indicators of clinical significance, such as 
neutrophil, lymphocyte, glucose, high-density lipoprotein, low-density lipoprotein, alanine aminotransferase, 
aspartate aminotransferase, creatine, glomerular filtration rate, c-reactive protein, procalcitonin, prothrombin 
time, activated partial thromboplastin time, cholesterol, triglyceride, alkaline phosphatase, gamma‒glutamyl 
transpeptidase, albumin and total bilirubin, were also incorporated.

Derivation of the propensity score
To reduce confounding bias, we identified covariates associated with treatment outcomes and subsequently 
employed logistic regression to calculate propensity scores of the azvudine and Paxlovid recipients. We then 
utilized greedy matching method with a ratio of 2:1 to match the azvudine to the Paxlovid treatments. Finally, 
we assessed balance after matching, with P > 0.05 and standardized mean difference (SMD) < 10% indicating the 
best balance between the two groups.

Outcomes
The main outcome of this study was all-cause death, and the secondary outcome focused on composite disease 
progression among cancer patients with COVID-19. All-cause death was determined based on discharge orders 
or records. Disease progression included the following aspects: (a) progression from mild or moderate to severe 
or critical disease or death. (b) progression from severe to critical conditions. Severe status was defined as the 
presence of shortness of breath, with a respiratory frequency of more than 30 breaths per minute, and observed 
on two separate occasions within a 12-hour period, the presence of dyspnea with a resting oxygen saturation 
less than 93%, a PaO2/FiO2 ratio less than 300 mmHg, or the progression of lung imaging lesions of more than 
50% within 24–48 h. The patients were considered critical if they experienced respiratory failure that required 
mechanical ventilation, shock, or other organ dysfunction necessitating intensive care unit monitoring.
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Subgroup analysis
The population was stratified by sex, age, disease severity, concomitant systemic steroids use, time from diagnosis 
to treatment, tumor metastasis status, primary tumor site, and presence of comorbidities, including diabetes, 
hypertension, liver diseases, cardio-cerebral diseases, kidney diseases for subsequent subgroup analysis.

Safety
The safety of azvudine and Paxlovid in cancer patients with COVID-19 was assessed according to the Common 
Terminology Criteria for Adverse Events version 5.0. Here, abnormal laboratory test results were graded, 
encompassing overall adverse events (AEs) as well as grade ≥ 3 AEs. Data collection spanned from drug 
administration until five half-lives after the final dose.

Sensitivity analysis
For sensitivity analysis, firstly, we performed a 2:1 propensity score matching (PSM) using Probit regression 
model instead of logistic regression. Secondly, we did not perform PSM analysis and included all eligible cancer 
patients with COVID-19, in the analysis, including patients who met the inclusion criteria but were not included 
in the primary analysis set.

Statistical analysis
First, missing baseline data were imputed using multiple imputations, followed by 2:1 PSM to control for 
differences in baseline covariates. The achievement of group balance was considered when the p value between 
the azvudine group and the Paxlovid group exceeded 0.05. Second, cumulative event curves were generated 
using the Kaplan‒Meier method to examine survival differences between the azvudine and Paxlovid groups, 
which were tested using log-rank analysis. Additionally, Cox proportional hazards regression models were 
employed to evaluate the hazard ratio (HR) and corresponding 95% confidence intervals (CIs) for all-cause 
death and composite disease progression.

The statistical analysis was performed using R software version 4.0.3. A two-sided p value of less than 0.05 
was considered statistically significant. Continuous variables with a normal distribution are presented as the 
means ± standard deviations and were analyzed via t tests. Nonnormally distributed continuous variables 
are presented as medians (interquartile ranges) and were analyzed by the Mann‒Whitney U test. Categorical 
variables are reported as absolute numbers (percentages) and were analyzed by the chi-square test.

Ethics statement
Our study was designed in accordance with the Declaration of Helsinki. The study received approval from the 
Institutional Review Board of the First Affiliated Hospital of Zhengzhou University (2023-KY-0865-001). The 
study was also registered with ClinicalTrials.gov (NCT06349655). Because the private information of all patients 
was not disclosed in this retrospective study, the Ethics Committee of the First Affiliated Hospital of Zhengzhou 
University approved the waiver of obtaining informed consent.

Results
Baseline characteristics
The study collected clinical information of 32,864 patients from nine hospitals in Henan Province. Based on the 
inclusion and exclusion criteria, we identified 691 cancer patients receiving azvudine treatment and 200 cancer 
patients receiving Paxlovid treatment for analysis (Fig. 1). The PSM technique was subsequently employed at a 
ratio of 2:1 to control for confounding factors, resulting in the inclusion of 397 patients in the azvudine group 
and 199 patients in the Paxlovid group.

The baseline characteristics of the included patients before and after PSM are presented in Table 1. Prior to 
PSM, compared with the Paxlovid group, the azvudine group presented a significantly longer duration from 
diagnosis to treatment initiation (0–5 days) (P = 0.002), higher proportions of patients receiving concomitant 
systemic steroids (P = 0.001), greater numbers of patients with kidney diseases (P < 0.001), and lower numbers 
of patients with liver diseases (P = 0.01) and cardio-cerebral diseases (P < 0.001). With respect to laboratory 
tests, the Paxlovid group presented greater lymphocyte counts (P = 0.027), shorter prothrombin time (P < 0.001) 
and activated partial thromboplastin time (P = 0.011), lower albumin (P = 0.006) and procalcitonin (P = 0.044) 
concentrations. Following matching, the characteristics of the two groups no longer significantly differed (all 
P > 0.05) (Fig. S1).

All-cause death
During the 31-day follow-up period, a total of 63 all-cause death events were recorded, with 33 occurring in 
the azvudine group and 30 in the Paxlovid group. The Kaplan-Meier analysis revealed that patients receiving 
Paxlovid treatment had a significantly greater 31-day all-cause death risk compared to those receiving azvudine 
treatment (P = 0.02), as determined by the log-rank test (Fig. 2). After adjusting for confounding factors using 
Cox regression analysis, the Paxlovid group presented a greater risk of all-cause death than the azvudine group 
(HR: 1.84, 95% CI: 1.059–3.182; P = 0.03) (Fig. 3). Furthermore, patients with severe disease (HR: 3.28, 95% CI: 
1.092–9.839, P = 0.034), cardio-cerebral diseases (HR: 2.20, 95% CI: 1.193–4.041, P = 0.012), and kidney diseases 
(HR: 2.96, 95% CI: 1.350–6.494, P = 0.007) had significantly elevated risks of all-cause death (Fig. 3).

To further validate the robustness of our findings, we conducted a sensitivity analysis using Probit method 
and observed that the all-cause death rate was significantly greater in the Paxlovid group than in the azvudine 
group (P = 0.0013) (Fig. S2). Additionally, multivariate Cox proportional hazards regression analysis confirmed 
that patients treated with Paxlovid had a higher all-cause death rate (HR: 2.33, 95% CI: 1.295–4.200; P = 0.005) 
(Fig. S3). The baseline characteristics of patients before and after PSM using Probit method are presented in 

Scientific Reports |        2025 15:11022 3| https://doi.org/10.1038/s41598-025-85677-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Table S1. Subsequently, we did not perform PSM analysis and included all eligible 691 azvudine recipients and 
200 Paxlovid recipients. The Kaplan-Meier analysis confirmed a significantly higher all-cause death risk in the 
Paxlovid group (P = 0.0032) (Fig. S4). The results of the Cox proportional hazards regression analysis were 
consistent with the aforementioned findings (HR: 1.78, 95% CI: 1.062–2.988, P = 0.029) (Fig. S5).

Composite disease progression
Within 31 days of treatment, composite disease progression was observed in 84 patients, with 47 (55.95%) 
receiving azvudine and 37 (44.05%) receiving Paxlovid. The Kaplan‒Meier analysis revealed that the efficacy 
of Paxlovid in reducing the risk of composite disease progression in patients was lower than that of azvudine, 
as determined by the log-rank test (P = 0.028) (Fig. 4). According to the results of Cox regression analysis, the 
Paxlovid group had a significantly greater risk of composite disease progression than the azvudine group did 
(HR: 1.70, 95% CI: 1.043–2.757, P = 0.033) (Fig. 5). Furthermore, the risk of composite disease progression was 
markedly increased in patients with severe illness at admission (HR: 6.96, 95% CI: 2.415–20.036, P = 0.000) and 
those with kidney diseases (HR: 2.58, 95% CI: 1.293–5.151, P = 0.007) (Fig. 5).

A sensitivity analysis was subsequently performed to validate our findings via Probit method, which revealed 
a significantly greater composite disease progression rate in the Paxlovid group than in the azvudine group 
(P = 0.011) (Fig. S6). The Cox regression analysis further revealed that Paxlovid exhibited reduced efficacy 
compared with azvudine in mitigating composite disease progression (HR: 1.85, 95% CI: 1.127–3.024; P = 0.015) 
(Fig. S7). Additionally, we validated the results in all eligible patients. The findings indicated that there was 
no significant difference in the reduction of composite disease progression between azvudine and Paxlovid, as 
evidenced by the Kaplan-Meier analysis (P = 0.14) and the Cox proportional hazards regression model (HR: 
1.39, 95% CI: 0.898–2.158, P = 0.139) (Figs. S8, S9).

Dynamic changes in leukocyte subsets
To investigate the impact of azvudine and Paxlovid on immune regulation in patients, we comprehensively 
analyzed the dynamic changes in subsets of leukocytes during the follow-up period. The results demonstrated 
that there were intermittent differences in neutrophil counts between the two groups following a 15-day 

Fig. 1.  Flow diagram of the design. According to the predefined inclusion and exclusion criteria, we performed 
a 2:1 propensity score matching analysis and obtained clinical data from 397 patients who received azvudine 
and 199 patients who received Paxlovid for therapeutic intervention.
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Characteristics

Before matching After 2:1 matching

Azvudine (n = 691) Paxlovid (n = 200) P value Azvudine (n = 397) Paxlovid (n = 199) P value

Gender, n (%) 0.259 0.473

 Male 427 (61.8) 133 (66.5) 252 (63.5) 133 (66.8)

 Female 264 (38.2) 67 (33.5) 145 (36.5) 66 (33.2)

Age, mean (SD), year 65.77 (13.23) 65.54 (13.49) 0.835 65.04(13.78) 65.71(13.31) 0.568

BMI, mean (SD), kg/m2 23.79 (3.93) 23.82 (3.59) 0.931 23.80 (4.09) 23.79 (3.58) 0.982

Concomitant systemic steroids, n (%) 0.001 0.532

 No 414 (59.9) 146 (73.0) 278 (70.0) 145 (72.9)

 Yes 277 (40.1) 54 (27.0) 119 (30.0) 54 (27.1)

Time from diagnosis to treatment exposure, n (%) 0.002 0.408

 > 5 days 151 (21.9) 66 (33.0) 117 (29.5) 66 (33.2)

 0–5 days 540 (78.1) 134 (67.0) 280 (70.5) 133 (66.8)

Severity at admission, n (%) 0.102 0.417

 Mild 59 (8.5) 25 (12.5) 41 (10.3) 24 (12.1)

 Moderate 479 (69.3) 124 (62.0) 269 (67.8) 124 (62.3)

 Severe 153 (22.1) 51 (25.5) 87 (21.9) 51 (25.6)

Comorbidities, n (%)

 Kidney diseases < 0.001 0.461

  No 525 (76.0) 177 (88.5) 341 (85.9) 176 (88.4)

  Yes 166 (24.0) 23 (11.5) 56 (14.1) 23 (11.6)

 Diabetes 0.324 0.982

  No 579 (83.8) 161 (80.5) 321 (80.9) 160 (80.4)

  Yes 112 (16.2) 39 (19.5) 76 (19.1) 39 (19.6)

 Cardio-cerebral diseases < 0.001 0.132

  No 580 (83.9) 144 (72.0) 309 (77.8) 143 (71.9)

  Yes 111 (16.1) 56 (28.0) 88 (22.2) 56 (28.1)

 Hypertension 0.741 0.991

  No 459 (66.4) 136 (68.0) 271 (68.3) 135 (67.8)

  Yes 232 (33.6) 64 (32.0) 126 (31.7) 64 (32.2)

 Liver diseases 0.01 0.356

  No 599 (86.7) 158 (79.0) 329 (82.9) 158 (79.4)

  Yes 92 (13.3) 42 (21.0) 68 (17.1) 41 (20.6)

Laboratory parameters,  mean (SD)

 Total bilirubin, µmol/L 12.37 (17.67) 10.44 (9.81) 0.14 10.33 (6.29) 10.48 (9.82) 0.822

 Albumin, g/L 36.40 (13.65) 33.59 (8.92) 0.006 34.43 (12.11) 33.55 (8.93) 0.366

 Gamma-glutamyl transpeptidase, IU/L 66.95 (119.78) 74.61 (105.84) 0.415 66.84 (129.57) 74.44 (106.08) 0.474

 Alkaline phosphatase, IU/L 102.12 (93.72) 95.35 (61.77) 0.336 94.64 (76.80) 95.49 (61.89) 0.892

 Alanine aminotransferase, IU/L 33.45 (56.68) 31.53 (30.43) 0.645 32.43 (51.59) 31.33 (30.37) 0.782

 Aspartate aminotransferase, IU/L 40.67 (104.92) 33.15 (24.69) 0.315 33.98 (38.27) 33.08 (24.74) 0.763

 Glomerular filtration rate, ml/min 100.88 (108.87) 100.64 (114.60) 0.978 100.02 (99.17) 100.52(114.88) 0.956

 Creatine, µmol/L 82.23 (91.72) 75.58 (60.97) 0.334 71.74 (58.82) 75.71 (61.09) 0.444

 Cholesterol, mmol/L 4.05 (1.95) 3.88 (1.01) 0.244 3.94 (1.11) 3.88 (1.02) 0.531

 Triglyceride, mmol/L 1.62 (2.92) 1.35 (0.72) 0.209 1.35 (0.81) 1.35 (0.73) 0.998

 Lymphocyte, ×109/L 1.42 (3.53) 2.32 (8.27) 0.027 1.50 (4.02) 2.01 (7.15) 0.269

 Neutrophil, ×109/L 5.64 (8.72) 5.29 (4.07) 0.58 5.11 (4.50) 5.30 (4.08) 0.63

 Low-density lipoprotein, mmol/L 2.42 (2.18) 2.45 (2.17) 0.849 2.39 (1.66) 2.45 (2.17) 0.707

 High-density lipoprotein,
mmol/L 1.21 (2.52) 1.06 (0.36) 0.408 1.03 (0.35) 1.06 (0.36) 0.284

 Procalcitonin, ng/ml 1.11 (4.93) 0.40 (1.54) 0.044 0.43 (1.78) 0.40 (1.55) 0.871

 C-reactive protein, mg/L 66.47 (72.30) 69.58 (79.24) 0.601 63.99 (72.93) 69.53 (79.44) 0.396

 Glucose, mmol/L 6.90 (3.00) 6.92 (3.04) 0.944 6.91 (3.07) 6.93 (3.04) 0.928

 Prothrombin time, s 17.27 (9.74) 14.59 (7.41) < 0.001 15.14 (7.55) 14.61 (7.42) 0.422

 Activated partial thromboplastin time, s 26.23 (9.95) 28.18 (7.94) 0.011 27.51 (9.15) 28.18 (7.96) 0.377

Tumor metastasis, n (%) 0.128 0.781

 No 552 (79.9) 170 (85.0) 342 (86.1) 169 (84.9)

 Yes 139 (20.1) 30 (15.0) 55 (13.9) 30 (15.1)

Continued
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Fig. 2.  Kaplan‒Meier curves of all-cause death for cancer patients with COVID-19 treated with azvudine and 
Paxlovid.

 

Characteristics

Before matching After 2:1 matching

Azvudine (n = 691) Paxlovid (n = 200) P value Azvudine (n = 397) Paxlovid (n = 199) P value

The primary site of the tumor, n (%) 0.947 0.996

 Lung cancer 212 (30.7) 58 (29.0) 120 (30.2) 58 (29.1)

 Liver cancer 29 (4.2) 7 (3.5) 14 (3.5) 7 (3.5)

 Gastric cancer 37 (5.4) 10 (5.0) 20 (5.0) 10 (5.0)

 Colorectal cancer 38 (5.5) 10 (5.0) 22 (5.5) 10 (5.0)

 Other 375 (54.3) 115 (57.5) 221 (55.7) 114 (57.3)

Table 1.  Baseline characteristics of cancer patients with COVID-19 before and after propensity score 
matching. BMI, Body mass index.
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treatment period. Specifically, a significant increase (P < 0.05) in the neutrophil counts was observed on Days 2 
in the azvudine group and Days 9 in the Paxlovid group (Fig. 6A). The lymphocyte counts did not significantly 
differ between the two groups throughout the course of antiviral therapy (Fig. 6B). Notably, while no statistically 
significant difference was observed in basophil counts at the end of follow-up, the azvudine group consistently 
presented greater basophil counts throughout the course of antiviral therapy (Fig. 6C). The levels of eosinophils 
and monocytes were generally within the normal range in both patient groups, with occasional discrepancies 
observed between the two groups (Fig. 6D, E).

Subgroup analysis
We stratified the population based on sex, age, disease severity, concomitant systemic steroids, time interval 
from diagnosis to treatment initiation, comorbidities (diabetes, hypertension, liver diseases, kidney diseases, 
cardio-cerebral diseases), tumor metastasis status, and primary tumor site and then conducted subgroup 
analysis based on the aforementioned variables. Cox regression analysis revealed that the effect of azvudine 
versus Paxlovid on all-cause death was consistent across all subgroups (all P for interaction values > 0.05 (Fig. 7). 
Regarding the composite disease progression, the results showed a differential effect of azvudine versus Paxlovid 
in the following subgroups: concomitant systemic steroids (P for interaction: 0.018) and liver diseases (P for 
interaction = 0.017) (Fig. S10). Among patients without concomitant systemic steroids, the risk of composite 
disease progression was increased by 132% in the Paxlovid group compared with the azvudine group (HR: 

Fig. 3.  Multivariate Cox proportional hazards regression analysis of all-cause death for cancer patients with 
COVID-19 treated with azvudine and Paxlovid.
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2.32, 95% CI: 1.38–3.91, P for interaction: 0.018). The patients with liver diseases treated with Paxlovid had a 
359% increased risk of composite disease progression (HR: 4.59, 95% CI: 1.65–12.76, P for interaction = 0.017). 
However, other factors, such as tumor metastasis, primary tumor site, did not significantly influence the efficacy 
of either drug in reducing composite disease progression.

Safety assessment
To evaluate the safety of azvudine and Paxlovid in the population, we systematically collected data on AEs 
during the follow-up period for both drug treatment cohorts (Table S2). The findings revealed that, across all 
categories of all-grade AEs and the incidence of grade ≥ 3 AEs, there was no statistically significant difference 
between the azvudine group and the Paxlovid group.

Discussion
The outbreak and pandemic of COVID-19 have presented substantial threats to global public health. The 
management of chronic diseases poses a formidable challenge amidst the ongoing pandemic. Cancer, one of the 
four major chronic non-communicable diseases, is highlighted by current research as a significant risk factor 
for the deterioration of clinical outcomes in patients with SARS-CoV-2 infection19,20. Base on this, our study 
established a multicenter, large sample cohort comprising 32,864 patients, with 691 cancer patients receiving 

Fig. 4.  Kaplan‒Meier curves of composite disease progression among cancer patients with COVID-19 
receiving azvudine and Paxlovid.
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azvudine treatment and 200 cancer patients receiving Paxlovid treatment. After balancing the confounding 
variables between the two groups, we incorporated 397 patients who were administered azvudine and 199 
patients who received Paxlovid into a cohort of cancer patients with COVID-19. Our findings indicated that 
azvudine was significantly superior to Paxlovid in terms of reducing the risk of all-cause death among cancer 
patients with COVID-19 and that it may also have an advantage in mitigating the cumulative risk of composite 
disease progression. To the best of our knowledge, this is the first study to investigate the efficacy and safety of 
azvudine and Paxlovid in cancer patients with COVID-19. These results provided insights into the selection of 
antiviral drugs for cancer patients with COVID-19.

The study has demonstrated that azvudine and Paxlovid exhibited similar effectiveness in reducing mortality 
rates, negative PCR conversion time and hospital stay. However, azvudine showed better effectiveness in 
improving other outcomes21. Another study comparing azvudine and nirmatrelvir-ritonavir found significant 
differences in mortality rate, ICU admission rates, and need for mechanical ventilation, but the two treatments 
were not significantly different in negative PCR conversion time, and hospital stay22. To our knowledge, previous 
retrospective evidences on the use of azvudine and Paxlovid in cancer patients has been limited, with only a 
single analytical approach employed23,24. To ensure the reliability of our findings, we conducted two sensitivity 
analyses to rigorously validate the robustness of the results. First, we applied PSM using Probit method to 
control confounding factors. Second, to account for the potential impact of sample size, we included all eligible 
COVID-19 cancer patients without applying PSM. The analysis of Probit method corroborated our findings. 

Fig. 5.  Multivariate Cox proportional hazards regression analysis of composite disease progression among 
cancer patients with COVID-19 receiving azvudine and Paxlovid.
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However, the analysis without PSM revealed that azvudine did not significantly differ from Paxlovid in reducing 
the risk of composite disease progression. It is important to note that while the Paxlovid group exhibited a 
higher all-cause death risk, the proportion of deaths in the azvudine group increased significantly after the 20th 
days. We carefully analyzed the potential possible reasons: First, the number of patients who were still at risk 
after 20 days was small, with only 71 azvudine recipients and 42 Paxlovid recipients. The small sample size will 
magnify the impact of any event. Therefore, although this study found that for cancer patients with COVID-19, 
the effectiveness of azvudine in the later stage of observation, especially after 20 days, may be inferior to that 
of Paxlovid, the influence of bias cannot be ruled out. Second, the follow-up time of this study was too short, 
only 31 days, and we could not observe whether the mortality rate of azvudine still increased proportionally 
after 31 days. Therefore, it is impossible to determine whether this is a coincidence or a continuous event. In 
summary, future follow-up studies with larger sample sizes and longer periods of time are needed to observe the 
effectiveness of azvudine compared with Paxlovid in cancer patients with COVID-19.

Lymphocytes play a pivotal role in the regulation of viral infections. Research findings have demonstrated a 
positive correlation between the severity of infection and the extent of lymphocyte reduction, and depletion of 
lymphocytes is closely associated with disease progression25. Given that azvudine was found to be significantly 
more effective than Paxlovid in reducing the risk of all-cause death, we hypothesized that this superiority might 
be attributed to enhanced immune function induced by azvudine. To test this hypothesis, we analyzed the 
dynamic changes in lymphocyte counts. However, our results indicated that there was no significant difference 
in lymphocyte counts between the azvudine group and Paxlovid group during the treatment period. This lack 
of difference may be attributable to the limited sample size or short follow-up duration. Notably, Paxlovid 
interacts with commonly used anticancer medications, including tyrosine kinase inhibitors26, taxanes27, and 
vinca alkaloids28, thereby increasing the risk of drug‒drug interactions and cumulative toxicity. Therefore, we 
reasonably suspect that the combination of Paxlovid and anticancer drugs may contribute to the observed poor 
efficacy in cancer patients due to potential toxic side effects. This finding provides a plausible explanation for the 
aforementioned outcome.

To further investigate the impact of additional factors on the reduction in all-cause death and composite 
disease progression, subgroup analyses were conducted. We found a significant correlation between concomitant 
systemic steroids and composite disease progression. Corticosteroids, widely employed anti-inflammatory and 
immunosuppressive agents, elicit divergent results regarding their efficacy in the management of patients with 
COVID-1929. A case report demonstrated that targeted methylprednisolone intervention during the acute phase 
of COVID-19 resulted in reduced clinical symptoms among critically ill patients, suggesting that short-term 
administration of medium-dose corticosteroids may facilitate patient recovery30. Acute respiratory distress 

Fig. 6.  Dynamic changes in leukocyte subsets. The dynamic changes in neutrophils (A), lymphocytes (B), 
basophils (C), eosinophils (D), and monocytes (E) were assessed throughout the follow-up period in patients.
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syndrome is a major cause of fatal COVID-19. Fortunately, a recent study revealed that corticosteroids treatment 
alleviated severe inflammatory storms, prevented further multiorgan damage and shock, and reduced the 28-
day all-cause death rate in patients with acute respiratory distress syndrome31. However, corticosteroids exert 
an inhibitory effect on cytokine storms32, and they also induce a prolonged period of coronavirus clearance33. A 
study revealed that, compared with non-severe COVID-19 patients who did not receive corticosteroids treatment, 
patients who received corticosteroids had significantly prolonged viral clearance times and hospitalization 
durations, as well as an increased frequency of antibiotic utilization34. In summary, the efficacy of corticosteroids 
in COVID-19 patients may be associated with disease severity, treatment dosage and duration of treatment, and 
further research is warranted to determine their specific application in this patient population. The observed 
132% increase in the risk of composite disease progression among patients who did not receive systemic steroids 
after Paxlovid administration attracted our interest. This finding suggested that COVID-19 patients receiving 
systemic steroids may have experienced fewer adverse outcomes following Paxlovid treatment.

Some research has demonstrated a correlation between the severity of illness and the risk of death in cancer 
patients with COVID-19, which is contingent upon the specific cancer type and metastatic status35. Our analysis 
revealed that the presence of metastasis and the location of the primary tumor had no discernible impact on 
all-cause death or composite disease progression in either the azvudine or paxlovid group. First, the limited 
sample size may have prevented the results from accurately reflecting the true differences in drug efficacy across 
various cancer types and metastatic stages. Second, the disease progression of cancer patients with COVID-19 
can be influenced by multiple factors, including underlying health conditions and immune function, which may 
obscure the true impact of the drugs. Finally, limitations in the study design, such as an insufficient observation 
period, could also contribute to potential biases in the results. The safety of drugs is a critical consideration in 

Fig. 7.  Subgroup analysis of various factors associated with all-cause death in patients.
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clinical practice. Therefore, we conducted a comprehensive analysis and classification of various clinical AEs. 
The results demonstrated that there was no statistically significant difference in AEs between the two groups. 
Additionally, the overall safety of both drugs remains within acceptable limits.

Among all the analysis methods, the results on the reduction of composite disease progression by the azvudine 
and the Paxlovid were not entirely inconsistent, and this discrepancy may be attributed to the limitations of our 
study. First, as our study was a retrospective analysis, despite obtaining data from nine hospitals, unavoidable 
selection bias remained. Second, PSM could only balance known confounders, unknown confounders affecting 
outcome events could not be balanced. Although the p-values of all variables between the two groups after PSM 
were less than 0.05, it still cannot completely control confounding bias and cannot completely simulate the effect 
of a randomized controlled study. In the future, randomized clinical controlled trials are still needed to explore the 
effectiveness and safety of azvudine compared with Paxlovid in the treatment of cancer patients with COVID-19. 
Third, regional variations in treatment preferences may introduce additional bias. Fourth, following the lifting 
of anti-COVID-19 restrictions, nucleic acid testing for SARS-CoV-2 was no longer mandatory, and thus the 
time of the first nucleic acid negative conversion was not used to assess effectiveness. Finally, different anticancer 
treatments might interact with azvudine or Paxlovid, and clinical outcomes could also be influenced by cancer 
stage and classification. Unfortunately, we did not conduct a detailed classification of clinical information for 
cancer patients in this study, which might impact our research findings.

Conclusion
Our study represents the first large-scale, multicenter retrospective analysis to assess and compare the efficacy 
and safety of azvudine and Paxlovid in cancer patients with COVID-19. Our findings demonstrated that 
azvudine significantly reduced all-cause death compared with Paxlovid and exhibited potential superiority in 
mitigating cumulative composite disease progression risk. This research offers valuable insights and therapeutic 
options for antiviral treatment among cancer patients with COVID-19.

Data availability
The data that support the findings of this study are not openly available for reasons of sensitivity and are available 
from the corresponding author upon reasonable request.
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