Comparative Machine Learning Analysis Predicts Breast Cancer Organ Tropism and Gene Signatures
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Background. Metastasis of breast cancer (BCM) occurs preferentially in specific organs. Key genetic markers can be employed for early treatment and detection. Machine learning (ML) can efficiently process gene expression information to improve metastasis prediction.
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Methods. We used the GSE14020 dataset of 65 breast cancer patients' gene expression profiles with liver, lung, bone, or brain metastasis for 22,474 genes. Feature selection using Gini reduction narrowed the top 25 significant genes down to nine significant genes. Three machine learning algorithms—Random Forest (RF), Support Vector Machine (SVM), and Artificial Neural Networks (ANN)—were used to predict metastatic sites from gene expression profiles. The accuracy, precision, recall, and F1-score metrics estimated model performances. Radviz visualisation explored gene-metastasis interactions and established the biological significance of identified gene markers.

Results. ANN performed with the highest accuracy (>90%), followed by RF and SVM. Nine genes, namely, CCL19, FABP7, and COL1A2, were found to be promising biomarkers. Radviz visualization validated gene-metastasis relationships, as reported in biological literature. RF performed well for brain and liver metastasis but poorly for bone and lung classification. 

Conclusion. This work utilises ML in precision oncology through organ-specific biomarker discovery in BC metastasis. The integration of ML models and biological visualization tools provides insights into BC targeted therapy strategies.
