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Research progress on functional margins of hepatocellular carcinoma: From spatial immune ecology to
postoperative recurrence mechanisms
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"Department of Hepatobiliary, Pancreas and Spleen Surgery, Guangxi Medical University Cancer Center, Nanning 530021, China;
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Abstract: Hepatocellular carcinoma (HCC) is a malignant tumor with high heterogeneity and recurrence tendency worldwide.
Although patients without microvascular invasion (MVI) are generally regarded as having a lower risk of postoperative recurrence,
their recurrence rate remains significant, revealing the biological limitations of the traditional “safe margin” assessment centered
on anatomical width. In recent years, the concept of “functional margin” has gradually been proposed, emphasizing that
postoperative recurrence is not only affected by the extent of resection, but also closely related to the spatial immune ecology and the
distribution of dry cell lineages in the margin area. This article systematically reviews the spatial structural characteristics, immune
microenvironment composition and cancer stem cell activity status of functional margins, and explores their clinical transformation
potential in recurrence prediction, biomarker development and intraoperative identification techniques in combination with multi-
omics progress, aiming to provide theoretical support for the optimization of precise surgical and postoperative intervention
strategies for HCC.
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