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Abstract: Human organoids are emerging three-dimensional (3D) biological models established based on the self-organizing
capacity of stem cells. By partially recapitulating the structural features and key physiological functions of human tissues and
organs in vitro, organoids provide a powerful technological platform for elucidating disease mechanisms, accelerating drug
novel drug development, enabling high-throughput drug screening, and advancing personalized medicine. Malignant tumors
represent a major global health challenge. Their profound intratumoral heterogeneity, dynamic evolutionary trajectories, and
adaptive responses to therapeutic pressure pose substantial challenges for early diagnosis, molecular classification,
individualized treatment strategies, prediction of therapeutic responses, and management of acquired drug resistance.
Although conventional two-dimensional (2D) cell culture systems and animal models have served as essential tools for cancer
biology research and preclinical drug development, they remain limited by inadequate recapitulation of tissue architecture and
tumor microenvironmental complexity, significant interspecies biological discrepancies, and limited clinical translatability.
Therefore, the development of innovative research models that faithfully reproduce human physiological and pathological
states while preserving patient-specific characteristics has become a critical strategy for advancing precision oncology. This
review provides a comprehensive overview of the evolution, technological features, emerging applications and current
challenges of human organoid technology in precision cancer diagnosis and treatment. Building upon our team’s extensive
experience in hepatobiliary tumor organoid research, we highlight the translational potential of organoids in standardized
biobanking, personalized drug selection, and longitudinal monitoring of therapeutic responses in patients with advanced
malignancies. Furthermore, we discuss the major obstacles hindering the widespread clinical application of organoid
technology, particularly those related to standardization, scalability, and clinical implementation, and explore future
perspectives involving the integration of organoid platforms with microfluidic systems, artificial intelligence, and other
advanced technologies. Continued advances in organoid technology are expected to bridge the gap between basic biomedical
research and clinical practice, providing innovative approaches for precision tumor stratification, personalized therapeutic
intervention, and comprehensive cancer management across the disease continuum.
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Figure 1 Multimodal preclinical applications based on PDTOs

(A) Establishment of patient-derived hepatobiliary tumor organoid biobanks. Clinical specimens, including tumor tissues, bile, and
drainage fluids, are processed for tumor cell isolation and three-dimensional culture to establish patient-specific hepatobiliary tumor
organoid biobanks. (B) Drug screening and therapeutic evaluation based on patient-derived hepatobiliary tumor organoids, reducing
ineffective therapies and improving precision treatment selection. (C) Applications of hepatobiliary tumor organoids in tumor
heterogeneity characterization and identification of drug resistance-related therapeutic targets. (D) Applications of hepatobiliary
tumor organoid-on-chip platforms for simulating complex physiological environments, including microgravity conditions.
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