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Photodynamic therapy (PDT) is an effective cancer treatment that relies on light-activated photosensitizers to generate reactive oxygen species (ROS), inducing tumor cell death and anti-tumor immunity. Our previous work with bacteriochlorin-based photosensitizers, including redaporfin, which was recently evaluated in clinical trials for head and neck cancer, demonstrated strong efficacy. However, limited benefit was observed in tumors with dense stroma and immunosuppressive microenvironments, highlighting delivery barriers associated with molecular size. To address this, we developed a new family of smaller diphenyl bacteriochlorins with optimized amphiphilicity. Among them, LUZ51 exhibits favorable photophysical properties, efficient cellular uptake, and potent phototoxicity at low concentrations. In vivo, it accumulates in tumors, displays rapid clearance, and maintains a favorable safety profile. Importantly, LUZ51-PDT induces significant anti-tumor effects and promotes T cell–dependent immune responses across different tumor models. Overall, these results demonstrate that reducing molecular size while tuning amphiphilicity enhances tumor penetration, intracellular targeting, and therapeutic efficacy.
