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            Abstract
The increase in available high-throughput molecular data creates computational challenges for the identification of cancer genes. Genetic as well as non-genetic causes contribute to tumorigenesis, and this necessitates the development of predictive models to effectively integrate different data modalities while being interpretable. We introduce EMOGI, an explainable machine learning method based on graph convolutional networks to predict cancer genes by combining multiomics pan-cancer dataâ€”such as mutations, copy number changes, DNA methylation and gene expressionâ€”together with proteinâ€“protein interaction (PPI) networks. EMOGI was on average more accurate than other methods across different PPI networks and datasets. We used layer-wise relevance propagation to stratify genes according to whether their classification was driven by the interactome or any of the omics levels, and to identify important modules in the PPI network. We propose 165 novel cancer genes that do not necessarily harbour recurrent alterations but interact with known cancer genes, and we show that they correspond to essential genes from loss-of-function screens. We believe that our method can open new avenues in precision oncology and be applied to predict biomarkers for other complex diseases.
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                    Fig. 1: Schematic of the EMOGI framework.[image: ]


Fig. 2: EMOGI outperforms previous methods in predicting cancer genes and benefits from both, multiomics and network features.[image: ]


Fig. 3: Model explanation of well-known cancer genes recapitulates their oncogenic molecular mechanisms.[image: ]


Fig. 4: NPCGs interact with KCGs and are more essential in tumour cell lines.[image: ]


Fig. 5: Biclustering of genes and feature contributions reveals distinct classes of cancer genes with unique functional characteristics.[image: ]


Fig. 6: EMOGI allows extraction of PPI network components corresponding to subnetworks important for cancer gene classification.[image: ]
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                Data availability

              
              All datasets used in this study are publicly available or available for research organization and listed in Supplementary Section 2.7. The github repository (https://github.com/schulter/EMOGI) contains manifest files that can be used to download TCGA data using the GDC Data Transfer Tool.

            

Code availability

              
              The source code to train the EMOGI model and reproduce the results is available at https://github.com/schulter/EMOGI (ref. 95) and a compute capsule is available96. The trained multiomics models for all six PPI networks can be downloaded from https://owww.molgen.mpg.de/sasse/EMOGI/.
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