Targeting the tumor immune microenvironment for precision immunotherapy in EGFR-mutant lung cancer
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Introduction. EGFR mutation is a key driver in non-small cell lung cancer (NSCLC) and is closely linked to heterogeneity of the tumor immune microenvironment (TIME), which plays a critical role in treatment response and resistance—posing a major challenge in precision oncology.

Aims. Using EGFR-mutant NSCLC as a model, this study aims to systematically characterize the spatiotemporal dynamics of the TIME and to investigate how its evolution underlies differential treatment responses and resistance mechanisms, thereby supporting the development of individualized therapeutic strategies.

Methods. We employed integrated multi-omics approaches to dynamically profile the TIME in EGFR-mutant NSCLC, with a focus on mechanisms underlying drug resistance, immune response variability, and treatment-related adverse events.

Results. 1) PD-L2 upregulation was identified as a key driver of immunosuppressive TIME evolution and EGFR-TKI resistance. Additionally, Zinc undecylenate, a natural PD-L2 inhibitor, reversed resistance and synergized with TKI treatment. 2) EGFR/CDKN2A co-mutation defined an immune checkpoint inhibitor (ICI)-sensitive subtype characterized by activated anti-tumor immunity. 3) EGFR/SMAD4 co-mutation was associated with checkpoint inhibitor pneumonitis (CIP) risk via HSP90-TLR2 signaling, suggesting HSP90 targeting as a potential preventive strategy.

Discussion. Our findings elucidate how genetic subtypes shape TIME heterogeneity and provide mechanistic insights for overcoming resistance, enhancing ICI responsiveness, and mitigating adverse events in EGFR-mutant NSCLC.
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