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The COVID-19 pandemic, caused by SARS-CoV-2, has dispro-
portionately affected elderly populations, especially those with
comorbidities such as malignancies. Previous data indicated that
individuals over 60 years account for >80% of COVID-19-related
deaths, largely due to age-related immune senescence, chronic
inflammation, and impaired antiviral responses'>. Current
antiviral therapies, including Paxlovid (nirmatrelvir/ritonavir),
have limitations in this demographic: CYP3A4-mediated drug
interactions, incomplete restoration of immune function, and
insufficient efficacy in patients with cancer-related immunosup-
pression®*. Azvudine, a nucleoside analog with dual antiviral and
immunomodulatory properties®, has emerged as a superior alter-
native in a large-scale cohort study of 5131 elderly patients,
reducing all-cause mortality by 29% compared to Paxlovid (HR:
0.71) and demonstrating amplified benefits in malignancy sub-
groups (HR: 0.32)%. Here, we dissect azvudine’s mechanisms
underlying these survival advantages and their clinical relevance.

Aging is characterized by thymic atrophy and progressive
depletion of naive T cells, leading to diminished antiviral immu-
nity and dysregulated inflammation®. COVID-19 exacerbates this
deficit by depleting circulating CD8" T cells and amplifying
exhausted T-cell populations, a phenomenon correlated with
mortality’. Azvudine uniquely counters these defects through
thymus-selective modulation. Preclinical studies reveal azvudine

is phosphorylated in the thymus, enhancing the survival of CD4"/
CD8" T cells’’. Clinically, azvudine-treated elderly patients
exhibited higher peripheral lymphocyte counts, with a 68% mor-
tality reduction in cancer patients”. By restoring T-cell numbers
and functionality, azvudine mitigates the cytokine storm, pre-
serves antiviral cytotoxicity, and rebalances immune homeo-
stasis—critical in  frail elderly individuals prone to
immunopathology®”®. Using single-cell sequencing in a dieth-
ylnitrosamine (DEN) induced C57 liver cancer model (Fig. 1A),
we demonstrated that azvudine increases the proportion of CD8 ™"
effector T cells and reduces the proportion of CD8" exhausted T
cells, further indicating its potential to enhance T cell function in
elderly patients (Fig. 1B—F).

Cancer patients face elevated COVID-19 mortality risks
likely due to immunosuppressive tumor microenvironments
(TMESs) dominated by regulatory T cells (Tregs), myeloid-derived
suppressor cells (MDSCs), and upregulated PD-L1 expression.
Azvudine exhibits potential mechanism to counteract these bar-
riers. It directly inhibits hepatocellular carcinoma (HCC) prolif-
eration (reduction in tumor volume and weight, preclinical
models)®. Moreover, scRNA-seq data from azvudine-treated HCC
models demonstrate an increase in MT2*CD4" T cells and a
reduction in CXCR6TCD4™ T cells and LY6C2TCD8™ T cells®,
suggesting TME reprogramming. Similarly, we found azvudine
significantly regulates CD8 T cells and CD4 T cells. Notably, it
enhances the proportion and function of helper CD4 T cells,
including the positive regulation of leukocyte activation, T cell
differentiation, and ribosomal activation (Fig. 1G—I). In the
clinical cohort, this action reduced composite disease progression
by 46% in malignancy subgroups compared to Paxlovid
(P < 0.05)"

Elderly patients often receive multiple medications, increasing
risks of drug—drug interactions (DDIs)’. Paxlovid’s reliance on
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Figure 1  Azvudine affects tumor formation and alters T cell dynamics in DEN-induced HCC mouse model. (A) Schematic illustration of the
establishment of DEN-induced HCC mouse model and azvudine treatment (top), representative images of resected lungs and livers (lower left), and
the comparison of tumor counts between control and treatment groups (lower right, **P < 0.01). (B) UMAP plot of annotated cell types and
the proportion of these cell types in the control and azvudine-treated groups (n = 3 per group). (C) UMAP plot of T and natural killer (NK) cell
subclusters and the proportion of annotated cell types in the control and azvudine-treated groups (n = 3 per group). (D) UMAP plot of CD8™ T cell
subclusters and the proportion of annotated cell types in the control and azvudine-treated groups (n = 3 per group). (E) GO enrichment analysis of the
differentially expressed genes in CD8™ effector T cells between the control and azvudine-treated groups (n = 3 per group). (F) Monocle 2 trajectory
plot of CD8™ T cell subclusters. Cells are colored by the groups (left), the cell clusters (middle), and the inferred pseudotime (right). (G) UMAP plot of
CD4" T cell subclusters and the proportion of annotated cell types in the control and azvudine-treated groups (n = 3 per group). (H) GO enrichment
analysis of the differentially expressed genes in CD4 " helper T cells between the control and azvudine-treated groups (n = 3 per group). (I) Monocle 2

trajectory plot of CD4* T cell subclusters. Cells are colored by the groups (left), cell clusters (middle), and inferred pseudotime (right).

CYP3A4 metabolism limits its use with statins, anticoagulants,
and so on*. Azvudine, conversely, is renally excreted, avoiding
CYP450-mediated DDIs and enabling safer coadministration with
oncology therapies. Clinical data confirm its superior safety:
azvudine recipients experienced lower rates of hepatotoxicity
(ALT elevation: 24% vs. 33%, P < 0.001; AST elevation: 19% vs.
25%, P = 0.006) and thrombocytopenia (11% vs. 16%,
P = 0.001) than Paxlovid users®. Additionally, its prolonged half-
life (up to 133 h) sustains antiviral activity beyond the critical
3—5-day treatment window, crucial for elderly patients with
delayed viral clearance due to immunosenescence'®.

The retrospective cohort study provides compelling real-world
evidence that azvudine outperforms Paxlovid in elderly COVID-19
patients, particularly those with malignancies?. Its thymic immu-
norestoration, antitumor activity, and pharmacokinetic safety

collectively address the intersecting vulnerabilities of aging and
cancer. Clinically, azvudine should be prioritized for elderly cancer
patients, particularly those receiving CYP3A4-dependent thera-
pies. Further research is warranted to: validate TME reprogram-
ming mechanisms via longitudinal scRNA-seq in human cancer
patients, optimize azvudine dosing in renal-impaired elderly
cohorts, and explore synergies with immune checkpoint inhibitors
to augment antitumor immunity post-COVID-19.

Azvudine represents a paradigm shift in managing COVID-19
among elderly cancer patients, merging antiviral efficacy with
immunometabolic restoration. Its thymus-centric T-cell enhance-
ment offers a multifaceted therapeutic strategy, while its low
interaction profile ensures compatibility with geriatric poly-
pharmacy. These findings advocate for azvudine’s inclusion in
first-line guidelines for high-risk elderly populations.
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