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Abstract 

Deep learning (DL) is increasingly recognized as a transformative tool in medical diagnostics, particularly 

in early cancer detection. Its capacity to extract complex patterns from largescale imaging datasets has 

enabled the development of automated screening systems with promising accuracy and speed. This 

systematic review critically evaluates the diagnostic performance, efficiency, and safety of DL models, 

while also addressing ethical, regulatory, and implementation challenges. Following PRISMA guidelines, 

peer-reviewed literature from 2015 to 2025 was screened across major databases. A total of 42 studies met 

the inclusion criteria and were analysed using a combination of meta-analysis and narrative synthesis. 

The findings reveal that convolutional neural networks (CNNs) routinely achieved high diagnostic 

metrics, with several models reporting accuracies above 95% for cancer image classification tasks (Ahsan 

et al., 2023). In comparative studies, DL models performed on par with or exceeded expert radiologists in 

terms of sensitivity and specificity—particularly in mammography, where AI demonstrated an average 

sensitivity of 0.85 compared to radiologists’ 0.77 (Rodriguez-Ruiz et al., 2019). Additionally, DL models 

offer substantial reductions in image processing time, enabling near real-time diagnostic workflows (Shen 

et al., 2019). Despite these advances, generalizability remains a concern due to dataset bias, image 

heterogeneity, and overfitting risks (Zhou et al., 2021). 

To address transparency issues, explainable AI (XAI) methods such as LIME and SHAP have been 

adopted to improve clinician trust and model interpretability (Gunning et al., 2019). 

Ethical concerns surrounding data privacy, algorithmic fairness, and liability persist, especially under 

regulatory frameworks like GDPR and HIPAA (McCradden et al., 2020). While select DL systems have 

secured FDA clearance, widespread clinical adoption requires standardized validation, interpretability 

mandates, and cross-centre trial data. 

In conclusion, DL holds significant promise in early cancer detection, offering enhanced diagnostic 

precision and operational efficiency. However, successful clinical integration depends on addressing 

ethical concerns, standardizing evaluation protocols, and ensuring robust external validation to safeguard 

patient outcomes. 
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