Synergistic antitumor effects and mechanisms of pirfenidone and osimertinib/afatinib in lung cancer
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Introduction. Non-small cell lung cancer (NSCLC) remains a major cause of cancer-related mortality worldwide. Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs), including osimertinib and afatinib, have improved clinical outcomes in patients with EGFR-mutant NSCLC. However, the emergence of acquired resistance substantially compromises their therapeutic benefit. p38γ has been implicated in NSCLC progression and EGFR-TKI resistance, yet it is unclear whether the p38γ inhibitor pirfenidone can enhance tumor sensitivity to EGFR-TKIs. 
Aims. Therefore, this study aims to investigate the synergistic antitumor effects of pirfenidone in combination with osimertinib or afatinib and explore the underlying molecular mechanisms.
Methods. EGFR-mutant NSCLC cell lines (PC9, HCC827) and an osimertinib-resistant subline (HCC827 OR) were employed in this study. Cell proliferation was assessed using CCK-8 and colony formation assays. The expression of p38γ, components of the PI3K/AKT/mTOR pathway, and autophagy-related proteins was analyzed by Western blotting. Drug interactions were quantified using SynergyFinder to evaluate synergistic effects. Autophagic flux was monitored with an mRFP–GFP–LC3 tandem fluorescent adenoviral reporter in combination with the lysosomal inhibitor bafilomycin A1. For in vivo validation, an HCC827 xenograft model was established in nude mice.

Results. Osimertinib-resistant cells exhibited increased p38γ expression. Genetic knockdown or pharmacological inhibition of p38γ enhanced the cytotoxic activity of EGFR-TKIs in both sensitive and resistant NSCLC cells. Consistent with this, pirfenidone combined with osimertinib or afatinib produced robust synergistic antitumor effects in vitro and in vivo (Bliss score >14). Mechanistic analyses showed that the combination regimen suppressed p38γ and attenuated activation of the PI3K/AKT/mTOR pathway. In parallel, it promoted autophagosome formation and degradation through a p38γ-independent mechanism, thereby increasing autophagic flux. The synergistic effect was not abolished by ferroptosis or pyroptosis inhibitors, and apoptosis contributed only partially to cell death.

Discussion. Pirfenidone enhances the activity of EGFR-TKIs through a dual mechanism. It inhibits the p38γ/PI3K/AKT/mTOR signaling axis and, in parallel, activates autophagic flux via a p38γ-independent pathway. p38γ-mediated activation of the PI3K/AKT/mTOR pathway may contribute to acquired resistance to osimertinib. This study provides the first evidence that pirfenidone can restore osimertinib sensitivity in resistant NSCLC cells, supporting its potential application as a clinical EGFR-TKI sensitizer to overcome targeted therapy resistance.
