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Cancer remains a major global health problem, and its burden can be substantially reduced through timely detection: its early diagnosis markedly improves treatment outcomes and survival rates. Among emerging diagnostic approaches, liquid biopsy detecting tumor-specific biomarkers circulating in blood has gained considerable attention because it enables noninvasive tumor profiling, prognostic assessment, and monitoring of treatment response. Accordingly, numerous electrochemical biosensors have been reported for the detection and monitoring of cancer biomarkers in serum media [1,2]. However, despite promising advances, the clinical translation of these technologies remains limited, with a very limited number of liquid biopsy tests being approved by the FDA for guiding clinical cancer analysis, and affordable point-of-care devices suitable for population-scale cancer screening and treatment monitoring still lacking. A key factor underlying these challenges is the scarcity of accurate and specific blood-circulating biomarkers of cancer. 

Here, I discuss the translational potential of the hitherto developed electrochemical aptamer-based sensors for cancer diagnostics. In particular, I report our recent achievements in employing the indicator-free capacitance cellulase–linked aptamer–sorbent assay (e-ELASA) on magnetic beads [3] for discovery and clinical validation of blood-circulating biomarkers of cancer [4,5]. I discuss our recent biomarker research targeting circulating cancer-related proteins, such as human epidermal growth factor receptor 2 (HER2) [3], prostate-specific antigen (PSA) [4], and urokinase plasminogen activator (uPA) [5], together with efforts to translate these assays into clinically validated, cost-effective diagnostic platforms. This work encompasses the adaptation of the assays to disposable airbrushed high-capacitance graphite electrodes fabricated from water-based graphite/chitosan inks [6] and their integration into electrochemical lateral flow devices [7]. These advances enable rapid, accurate, and label-free capacitive point-of-care cancer diagnostics with strong potential for deployment in resource-limited and low- to middle-income settings.
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