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            Abstract
Liquid biopsy has been introduced as a new diagnostic concept predicated on the analysis of circulating tumour cells (CTCs) or circulating tumour-derived factors, in particular, cell-free tumour DNA (ctDNA). Highly sensitive liquid biopsy assays have been developed that can now be applied to detect and characterize minimal residual disease (MRD), which reflects the presence of tumour cells disseminated from the primary lesion to distant organs in patients who lack any clinical or radiological signs of metastasis or residual tumour cells left behind after local therapy that eventually lead to local recurrence. This application is the new frontier of liquid biopsy analyses, which are challenged by the very low concentrations of CTCs and ctDNA in blood samples. In this Review, we discuss the key technologies that can be used to detect and characterize CTCs in surveillance of MRD and provide a brief overview of similar roles of ctDNA analyses. We then focus on the current clinical data on the use of CTCs and ctDNA in the detection and monitoring of MRD and in obtaining information on therapeutic targets and resistance mechanisms relevant to the management of individual patients with cancer.


Key points

                	
                  Minimal residual disease (MRD) can be defined as cancer persisting in a patient after treatment that cannot be detected with current medical imaging modalities and is, therefore, an occult stage of cancer progression.

                
	
                  Liquid biopsy approaches based on the detection of small numbers of circulating tumour cells (CTCs) or minute amounts of circulating cell-free tumour DNA (ctDNA) now enable MRD detection in patients with various malignancies.

                
	
                  CTC detection at primary diagnosis of cancer predicts an unfavourable prognosis and is, therefore, applicable to risk stratification strategies beyond the current approaches to tumour staging.

                
	
                  Monitoring of CTCs and ctDNA during post-surgical follow-up assessments can enable the detection of disease relapse many months earlier than is possible with current radiological imaging procedures.

                
	
                  Further characterization of CTCs and ctDNA can provide insights into the molecular evolution of MRD during tumour progression, with implications for therapy to delay or even prevent metastatic relapse.
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                    Fig. 1: Technologies for CTC and ctDNA enrichment, detection and characterization.[image: ]


Fig. 2: Methods of ctDNA detection.[image: ]


Fig. 3: Therapeutic targets and resistance mechanisms.[image: ]


Fig. 4: Therapeutic strategies depending on dynamic changes in tumour burden in patients with cancer.[image: ]
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