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Figure S1. Kaplan-Meier plot of survival prognosis. Hazard ratios were derived from all five testing sets. Log-rank test was used to find the corresponding p-value with low risk and high risk groups dichotomized by the median hazard ratio. Omics data used for training and testing: (A) mRNA-seq data (mRNA) (57 features); (B) miRNA-seq data (miRNA) (12 features); (C) integration of mRNA and miRNA (69 features); (D) integration of mRNA, miRNA, copy number burden (CNB), and tumor mutation burden (TMB) (71 features); (E) integration of mRNA, miRNA, and demographical & clinical (diagnosis age, ER status, PR status) data (72 features); (F) integration of copy number burden (CNB), tumor mutation burden (TMB), demographical & clinical (diagnosis age, ER status, PR status) data (5 features); (G) integration of mRNA, miRNA, CNB, TMB, and demographical & clinical (diagnosis age, ER status, PR status) data (74 features).
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Figure S2. Performances comparison in terms of the p-value of the log-rank test between SALMON (A) and modified Cox-nnet (B) (Ching et al., 2018) with all omics data as inputs.
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[bookmark: _GoBack]Figure S3. SALMON’s performance comparison of using all 74 multi-omics features and using selected 33 features (which their medians result in decrements to the concordance index in Figure 3). Selected 33 features are with ID 72, 74, 13, 47, 5, 36, 51, 19, 33, 29, 53, 20, 58, 66, 15, 16, 34, 70, 31, 42, 60, 11, 18, 71, 2, 10, 43, 44, 9, 32, 56, 62, 68 in Figure 3, where 24 of them are from mRNA co-expression modules, 5 of them are from miRNA co-expression modules, other 4 features are copy number burden (CNB), tumor mutation burden (TMB), diagnosis age, and progesterone receptors (PR) status. Concordance index before feature selection: median = 0.7285, mean = 0.6918; after feature selection: median = 0.7200, mean = 0.7108. Paired t-test statistics = -0.861 (p-value = 0.438).
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Figure S4. Enriched ARCHS4 Tissues terms with mRNA co-expression modules 13. nearly one third of genes (11 out of 36) in this module are associated with breast cancer bulk tissue (p-value=1.867E-03). Results generated from Enrichr (Kuleshov et al., 2016).
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Figure S5. Feature importance with the diagnosis age in range 26-50, evaluated by the decrease of concordance index, sorted based on median values. Boxplots in Green: 57 mRNA co-expression module features (ID from 1 to 57); boxplots in red: 12 miRNA co-expression module features (ID from 58 to 69); boxplots in turquoise: copy number burden (CNB) and tumor mutation burden (TMB) features (ID from 70 to 71); boxplots in pink: demographical and clinical features (ID from 72 to 74).
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Figure S6. Feature importance with the diagnosis age in range 51-70, evaluated by the decrease of concordance index, sorted based on median values. Boxplots in Green: 57 mRNA co-expression module features (ID from 1 to 57); boxplots in red: 12 miRNA co-expression module features (ID from 58 to 69); boxplots in turquoise: copy number burden (CNB) and tumor mutation burden (TMB) features (ID from 70 to 71); boxplots in pink: demographical and clinical features (ID from 72 to 74).
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Figure S7. Feature importance with the diagnosis age in range 71-90, evaluated by the decrease of concordance index, sorted based on median values. Boxplots in Green: 57 mRNA co-expression module features (ID from 1 to 57); boxplots in red: 12 miRNA co-expression module features (ID from 58 to 69); boxplots in turquoise: copy number burden (CNB) and tumor mutation burden (TMB) features (ID from 70 to 71); boxplots in pink: demographical and clinical features (ID from 72 to 74).
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Feature Importance from SALMON (Age group 26-50)
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Feature Importance from SALMON (Age group 51-70)
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Feature Importance from SALMON (Age group 71-90)
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