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Framework

Results

Conclusion

Traditional drug discovery faces high costs and failure rates, and while deep learning accelerates 3D binding simulations, current
generative AI models often suffer from posterior collapse, yielding chemically invalid molecules with inaccurate affinity scores. To
overcome these bottlenecks, we propose a novel Conditional Variational Autoencoder (CVAE) that functions as an "inventor." By
integrating a symmetric dual cross-attention fusion module, a dynamic feature bypass mechanism, and multi-task learning across
diverse datasets, our model breaks single-source data limitations. It successfully guarantees a 100% chemical validity rate for de novo
generated structures. By simultaneously predicting thermodynamic affinity and synthetic properties during the generation stage, the
framework rigorously screens small molecules, establishing a seamless, fully automated closed-loop from virtual generation to physical
validation to revolutionize early-stage drug design.

Benchmarked on CrossDocked2020 across 100 targets, our model
achieves outstanding performance in molecular diversity, and
generation efficiency. The lower scaffold similarity and higher SA
reflect its distinct capability in true de novo scaffold generation.

Using EGFR L858R as a representative lung cancer target,
the top AI-generated small-molecule candidate identified
through large-scale generation and screening was
compared with existing EGFR drugs using normalized
chemical metrics.

 Our SC-VAE framework delivers
record diversity, and 2x faster
generation. Validated on EGFR
L858R, it yields candidates
outperforming current drugs,
demonstrating immense potential to
accelerate de novo precision drug
discovery.


