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Abstract: Triple-negative breast cancer (TNBC) is a highly aggressive breast cancer subtype characterized by the lack of effective

therapeutic targets, poor clinical prognosis, and considerable treatment challenges. Its malignant progression is closely associated with
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metabolic reprogramming, which facilitates tumor microenvironment adaptation and contributes to drug resistance. Metabolomics, as
a key technology for capturing the end-point phenotype of cellular function, provides a powerful tool for systematically deciphering
the metabolic features of TNBC. This review summarizes the application progress of untargeted, targeted, pseudo-targeted, and spatial
metabolomics, as well as metabolic flux analysis in TNBC research. It highlights the roles of key metabolites such as glutamate and
glutamine, and elucidates the reprogramming mechanisms of core pathways including glycolysis, lipid synthesis, and amino acid
metabolism. The potential of metabolomic biomarkers in early diagnosis, prognosis assessment, and drug resistance warning is
summarized, and novel therapeutic strategies such as metabolic enzyme inhibitors, metabolism—immunity combination therapy, and
Chinese herbal compound interventions are discussed. Furthermore, this review addresses challenges in clinical translation, including
metabolic heterogeneity in TNBC, multi-platform data integration, and dynamic monitoring, and outlines future research directions

such as artificial intelligence-driven metabolic network analysis and organoid-based drug sensitivity models. Metabolomics has opened

new avenues for the precise diagnosis and treatment of TNBC, yet its deep clinical application still faces multiple challenges.
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Fig.1 Technical system of TNBC metabolomics research: From static to dynamic and from whole to single cell
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Fig.2 TNBC glucose metabolism reprogramming and its key metabolites
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