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Abstract: The high incidence and complexity of liver diseases, including fatty liver disease, cirrhosis, hepatocellular carcinoma, and
liver failure, pose significant challenges to traditional research models. As a novel three-dimensional (3D) in vitro model, liver
organoids exhibit self-renewal and differentiation capabilities, closely mirroring the physiological structure and function of human
liver tissue. They have emerged as an important tool for studying liver diseases, advancing drug development, and conducting toxicity
assessments. This review focuses on recent progress and applications of liver organoids, introducing their definition, classification, and
core advantages. It outlines advances in their use for simulating physiological functions, constructing disease models, evaluating drug
toxicity, enabling precision medicine, and contributing to regenerative medicine. The article also provides an in-depth analysis of
existing challenges, such as insufficient vascularization, lack of standardization, and incomplete regulatory and ethical frameworks.
The aim is to offer reference and guidance for future research on liver organoids and to facilitate their translation into non-clinical and
clinical applications.
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Fig. 1 Development history of liver organoids
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