Advanced hybrid GNN-ML framework for robust CYP3A4 inhibition prediction and validation 
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Introduction. Cytochrome P450 3A4 (CYP3A4) is a primary cause of adverse drug-drug interactions (DDIs). Developing robust predictive models across diverse chemical spaces remains a critical challenge in pharmacological screening.
Aims. This study developed an augmented hybrid Graph Neural Network-Machine Learning (GNN-ML) framework to enhance the reliability of CYP3A4 inhibition (%) predictions.
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Methods. A curated dataset of 23,713 compounds was utilized to train and evaluate multiple architectures. The framework combines vector-based ML models (e.g., LightGBM) with GNNs incorporating contrastive learning and manifold mixup. To ensure robustness, Simplified Molecular Input Line Entry System (SMILES) enumeration-based test-time augmentation was applied during the inference phase (Bjerrum, 2017). Performance was validated using an external set of 100 newly generated experimental data points to assess generalizability in real-world screening scenarios.
Results. The hybrid model outperformed individual models (root mean square error (RMSE)=19.0784, r=0.7570) and significantly stabilized predictions for structurally novel compounds. External validation confirmed high reliability (Custom Metric=0.8035), while SHapley Additive exPlanations (SHAP) analysis identified key molecular fragments contributing to CYP3A4 binding affinity.
Discussion. Integrating graph-based features with descriptor-based ML improves metabolic liability prediction. This framework offers a practical tool for high-throughput DDI risk assessment and streamlines early-stage drug discovery. Future research will focus on extending this methodology to develop %inhibition models for other major CYP isoforms.
Bjerrum EJ (2017) arXiv:1703.07076
