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Introduction
Prostate cancer (PCa) remains the second most prevalent malignancy and a leading cause of cancer-related mortality in men globally. While Androgen Deprivation Therapy (ADT) is a cornerstone in PCa management, resistance invariably emerges, progressing to metastatic castration-resistant prostate cancer (mCRPC)—a lethal, therapy-resistant phenotype. Metabolomics, the systems-level study of small-molecule metabolites, offers a powerful lens to uncover disease-specific metabolic reprogramming, enabling biomarker discovery and guiding therapeutic interventions. 
Aims
This study aimed to decipher distinct plasma metabolomic signatures differentiating benign prostatic hyperplasia (BPH), castration-sensitive prostate cancer (CSPC), and castration-resistant prostate cancer (CRPC). A key goal was to identify dynamic metabolic shifts correlating with disease progression and response to androgen-targeted therapies.
Methods
With institutional ethical clearance, a cross-sectional cohort of 60 age-matched male patients was enrolled: BPH (n=20), CSPC (n=20), and CRPC (n=20). Peripheral blood (5 ml) was collected, and plasma was isolated for untargeted metabolomic profiling using high-resolution LC-MS/MS. Data were normalized and analyzed via MetaboAnalyst 6.0, applying multivariate and pathway enrichment analyses to extract statistically and biologically relevant features.
Results:
Out of 617 significantly altered metabolites, distinct clusters were observed across BPH, CSPC, and CRPC groups. BPH samples exhibited stable metabolic patterns with a mild pro-inflammatory signature. CSPC samples showed marked upregulation in pathways linked to glycolysis, nucleotide synthesis, and immune escape—hallmarks of tumour growth. Notably, CRPC samples revealed profound metabolic rewiring involving lipid metabolism, amino acid catabolism, and steroid biosynthesis, reflecting adaptation to ADT and aggressive progression. Several metabolites, including kynurenine, sarcosine, and sphingolipids, emerged as potential discriminators of treatment response and disease state.
Conclusion:
This study delineates a progressive metabolic reprogramming trajectory from benign to castration-resistant prostate cancer. The findings underscore metabolomics as a valuable tool for non-invasive biomarker discovery, therapeutic monitoring, and personalized pharmacological targeting in prostate cancer. The identified signatures offer promise for stratifying patients and optimizing treatment algorithms, aligning with advancing precision pharmacology.
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