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Cryoablation Reshaping Tumor Immune Microenvironment: A Review of the Synergistic
Mechanism and Preclinical Prospects of Combined Immune Checkpoint Inhibitors
Chengzhu Li Tao Han'

Liaoning University of Traditional Chinese Medicine
[Abstract] Cryoablation has garnered widespread attention as an effective local tumor treatment technique due to
its ability to reshape the tumor microenvironment (TME). The complexity of the tumor immune
microenvironment and its immunosuppressive state are the main obstacles currently faced in tumor
immunotherapy. In recent years, the application of immune checkpoint inhibitors (ICI) has significantly improved
treatment outcomes for various tumors, but their efficacy is limited by the suppressive characteristics of the immune
microenvironment. This article reviews the mechanisms by which cryoablation promotes the release of tumor
antigens, activates immune effector cells, and regulates immunosuppressive factors, with a focus on analyzing its
synergistic effects and potential clinical advantages when combined with ICIs. By integrating the latest basic
research and preclinical trial data, this review explores the potential of this combined strategy in enhancing immune
responses and reversing immune tolerance, while also dissecting the current technical challenges and future research
directions. The aim of this review is to provide a theoretical basis and practical guidance for the clinical translation
of cryoablation combined with immunotherapy, promoting the development of new strategies for tumor treatment.
Future research should focus on optimizing the timing and dosage of combined therapies and exploring predictive

biomarkers to accelerate their clinical translation and application.
[Key words] Cryoablation;tumor immune microenvironment; tumor immune combination therapy;immune

checkpoint inhibitors;synergistic mechanism;clinical prospects
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