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Abstract: With the in-depth development of precision medicine, the treatment and management of tumors are shifting from the
traditional "one-size-fits-all" model to a new paradigm characterized by individualization and dynamism. In this process, liquid biopsy
technologies, which can reflect tumor biological behavior in real time and non-invasively—particularly tumor markers such as
circulating tumor DNA (ctDNA) and circulating tumor cells (CTCs)—have demonstrated immense potential for clinical application.
This article provides a systematic review of the key roles of tumor markers in the comprehensive management of cancer patients from
treatment through recovery. In terms of efficacy monitoring, the dynamic changes in traditional markers (e.g., CEA, CA125) combined
with the monitoring of resistance genes (e.g., EGFR T790M) in ctDNA serve as a “real-time radar” for chemotherapy and targeted
therapy. Meanwhile, novel markers such as cfDNA integrity and immune cytokines have opened new avenues for assessing responses
to immunotherapy. Regarding prognosis evaluation, “molecular signatures” like baseline CTC counts and ctDNA mutation burden have
been proven to closely correlate with patient survival outcomes, offering robust evidence for early risk stratification. In recurrence
warning, molecular residual disease (MRD) detection via ctDNA after surgery or radical treatment can identify recurrence risks earlier

than imaging, providing valuable time for intervention. This article also discusses the challenges associated with the widespread
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adoption of these novel marker tests, including methodological standardization, clinical communication for result interpretation, and

turnaround time, along with corresponding strategies. Finally, it summarizes the central role of tumor markers in establishing a closed-

loop management system for precision oncology and looks ahead to future directions in areas such as multi-omics integration and

artificial intelligence-assisted decision-making, aiming to provide theoretical reference for promoting the clinical translation and

standardized application of tumor markers.

Key words: tumor markers; liquid biopsy; circulating tumor DNA; circulating tumor cells; efficacy monitoring; prognosis evaluation;

recurrence warning; molecular residual disease
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