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ABSTRACT
Pancreatic ductal adenocarcinoma (PDAC) exhibits profound clinical heterogeneity that is not fully explained by molecular subtypes alone. Using highly multiplexed spatial profiling, we map tumor lineage states and immune organization in advanced PDAC at single-cell resolution. We show that classical and basal programs, defined by GATA6 and CK5, are embedded within distinct immune contexts, and identify a spatial immune positioning axis—reflecting the proximity of CD8⁺ T cells to helper versus suppressive niches—that stratifies patient outcomes beyond subtype classification.

Extending this framework to hepatobiliary malignancies, including cholangiocarcinoma, we define conserved spatial architectures and multicellular niches linked to disease progression. To enable translation, we integrate spatial profiling with patient-derived organoids and functional assays, connecting tissue organization to therapeutic vulnerabilities.

Together, this work establishes tumor lineage and immune geography as complementary dimensions of cancer biology and provides a path toward clinically actionable spatial biomarkers in precision oncology.  
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