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[ Abstract] Photoacoustic imaging is an emerging imaging technique based on light excitation and acoustic detection. It combines
the high optical contrast of optical imaging with the deep tissue penetration of ultrasound imaging, enabling non-invasive, ionizing-
radiation-free acquisition of structural, functional, and molecular information of tumors. This technique provides a novel
technological tool for the full-cycle diagnosis and treatment of tumors. Despite substantial advancements in the fundamental
research of photoacoustic imaging, robust clinical translation evidence, multicenter validation data, and direct comparative analyses
with conventional imaging approaches are still lacking. This review systematically synthesized existing evidence to highlight
research gaps and propose future research priorities. This paper systematically elaborated the fundamental principles of
photoacoustic imaging and its applicability in tumor diagnosis and therapy, reviewed the latest research advances in tumor systemic

diagnosis, therapeutic monitoring, and theranostic integration, deeply analyzed the key bottlenecks encountered in technical

development and clinical translation, and prospected the future development directions.

[ Key words | Photoacoustic imaging; Tumor diagnosis and treatment; Clinical translation; Precision medicine
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