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Colorectal cancer (CRC), one of the most prevalent malignancies of the digestive system, has shown a steady annual rise in
incidence linked to evolving lifestyle patterns. The liver serves as the most common metastatic site for CRC, with
colorectal liver metastases (CRLM) representing a leading cause of mortality among affected individuals. While the
molecular pathogenesis of CRC remains incompletely understood, elucidating the mechanisms underlying CRLM holds
significant potential for refining diagnostic and therapeutic approaches. In recent years, patient-derived organoids (PDOs)
have emerged as a transformative research model in oncology due to their unique advantages in disease modeling,
mechanistic exploration, and drug sensitivity testing. Since their inaugural successful cultivation in 2013, tumor organoid
technology has undergone rapid advancement. This innovative platform utilizes three-dimensional (3D) Matrigel culture
systems to propagate biopsy or surgical specimens into tissue analogs that faithfully recapitulate the architectural and
functional complexity of native organs, thereby establishing a robust methodology for high-efficiency expansion of
primary cells, including both normal and malignant populations. The distinctive value of PDOs lies in their preservation of
tumor heterogeneity and microenvironmental interactions, enabling researchers to investigate cancer biology while
maintaining critical cell-cell and cell-matrix communication networks. Particularly in CRLM research, organoid models
permit longitudinal observation of metastatic processes under controlled experimental conditions, facilitating mechanistic
studies of invasion, angiogenesis, and hepatic colonization. Furthermore, these systems demonstrate remarkable
translational potential in personalized medicine, as drug response profiles generated from patient-specific organoids
frequently correlate with clinical outcomes, offering opportunities for tailored therapeutic strategies. Current progress in
organoid technology has significantly enhanced our understanding of CRLM pathogenesis. Studies utilizing this model
have identified key molecular pathways involved in epithelial-mesenchymal transition (EMT), immune evasion, and
metabolic reprogramming during hepatic metastasis. Notably, the integration of organoid co-culture systems with hepatic
stromal components has provided novel insights into tumor-stroma crosstalk mechanisms that promote metastatic niche
formation. From a clinical perspective, the establishment of organoid biobanks from CRLM patients has enabled large-
scale pharmacological screens, accelerating the discovery of targeted therapies and overcoming traditional limitations
associated with conventional 2D cell cultures. Building upon our institutional experience, this review comprehensively
examines recent advancements in CRLM pathophysiology and the expanding applications of organoid models. We
highlight technical innovations in organoid generation from metastatic lesions and discuss remaining challenges in
standardized protocol implementation. As the field progresses toward multi-omics integration and microphysiological
system development, organoid technology promises to bridge critical gaps between bench research and clinical practice,
ultimately advancing precision oncology in CRLM management.
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