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Abstract 

Prostate cancer remains one of the most prevalent malignancies among men 

worldwide. Early detection is essential for improving clinical outcomes and 

survival. Conventional diagnostic methods, including prostate-specific antigen 

(PSA) testing and transrectal biopsy, are associated with limitations such as 

invasiveness and variable specificity. Urine-based biomarker testing has 

emerged as a promising non-invasive alternative, enabling detection of 

molecular signatures associated with malignancy. This narrative review 

explores the biological basis, clinical applications, advantages, and limitations 

of urine-based diagnostics in prostate cancer detection. 

This article is a narrative review based on existing literature and 

does not present original experimental data. 

 

Keywords 

prostate cancer, urine biomarkers, non invasive diagnostics, oncology, cancer 

detection, molecular diagnostics, screening, precision medicine 

 

 

https://doi.org/10.5281/zenodo.18708554
https://orcid.org/0009-0005-3523-774X


Introduction 

Prostate cancer is a leading cause of cancer-related morbidity and mortality 

among men, particularly those over the age of 50. Early detection plays a 

critical role in guiding treatment strategies and improving survival outcomes. 

Traditional diagnostic tools, including PSA testing and biopsy, present 

challenges such as false positives, invasiveness, and patient discomfort (1). 

 

1. Biological Basis of Urine Biomarkers 

Tumor-associated molecular alterations can be detected in urine, providing a 

non-invasive diagnostic medium. Key biomarkers include: 

• PCA3 (Prostate Cancer Antigen 3): overexpressed in prostate cancer 

cells  

• TMPRSS2-ERG gene fusion: associated with tumorigenesis  

• Protein-based markers: reflecting tumor activity  

These biomarkers provide insights into early malignant transformation (2,3). 

 

2. Clinical Applications 

Urine-based tests are increasingly used for: 

• Early cancer detection  

• Risk stratification  

• Monitoring disease progression  

• Reducing unnecessary biopsies  

These applications support a more personalized diagnostic approach (4). 

 

3. Advantages of Urine-Based Diagnostics 

• Non-invasive and patient-friendly  

• Reduced risk of complications  



• Cost-effective screening potential  

• Suitable for repeated monitoring  

These advantages improve patient compliance and accessibility (5). 

 

4. Limitations and Challenges 

Despite their promise, urine-based diagnostics face challenges: 

• Variable sensitivity and specificity  

• Need for standardized protocols  

• Limited availability in routine practice  

• Requirement for further validation  

Addressing these limitations is essential for widespread clinical adoption (6). 

 

Discussion 

Urine-based biomarker testing represents a significant advancement in non-

invasive oncology diagnostics. When integrated with imaging modalities and 

molecular techniques, it enhances early detection and reduces reliance on 

invasive procedures. Future developments may involve integration with 

artificial intelligence for improved predictive accuracy. 

 

Conclusion 

Urine-based biomarkers offer a promising, non-invasive approach to early 

prostate cancer detection. While further validation is required, their potential 

to reduce unnecessary biopsies and improve diagnostic precision represents a 

major advancement in cancer care. 

 

 

 



Table 1. Key Urine Biomarkers in Prostate Cancer 

Biomarker Type Clinical Utility 

PCA3 RNA marker Early detection 

TMPRSS2-ERG Gene fusion Risk assessment 

Protein markers Molecular Disease monitoring 

 

Figure 1. Urine-Based Biomarker Workflow in Prostate Cancer 

Detection 

 

Figure 1. Urine-Based Biomarker Workflow in Prostate Cancer Detection 

Diagram illustrating biomarker release, urine sample collection, molecular 

analysis, and clinical interpretation for early cancer detection. 
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