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Supplementary Figure 1: Overlap of selected features between genomic subtype and MSI models.
Venn diagrams showing shared and unique features between the genomic subtype model and MSI
model for (A) all features, (B) RNA features, (C) miRNA features, and (D) DNA methylation features.
Numbers indicate feature counts in each category and their intersection.
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Supplementary Figure 2. Decision curve analysis for genomic subtype classification across
molecular subtypes on combined external test sets (Set-2 and Set-3). Net benefit of the MLP model is
shown for (A) POLE (prevalence: 6.03%), (B) CNV-Low (prevalence: 47.24%), and (C) MSI
(prevalence: 28.64%) subtypes across a range of threshold probabilities. In each panel, the
model-guided strategy (blue) is compared against treat-all (ved) and treat-none (green) reference
strategies.
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Supplementary Figure 3. SHAP-based feature importance analysis for the genomic subtype model
on the combined external test tests (Set-2 and Set-3). Beeswarm plots depicting the top 10 most
influential features identified by SHAP (SHapley Additive exPlanations) analysis for each of the four
endometrial cancer molecular subtypes: (4) POLE, (B) CNV-High, (C) MSI, and (D) CNV-Low. Point
colour reflects the relative feature value, ranging from low (blue) to high (red). Feature labels
indicate the data modality of origin: RNA-seq expression (R), DNA methylation (M), or DNA
methylation (D).



Kaplan-Meier Survival Curves by MSI Status MLH1 (RNA) C30rf63 (DNA Methylation)
6, —— Hi = — =
—— MSS (n=328) High (n=188) High (n=188)
MSEH (n=156) Low (n=187) Low (n=187)
08
z z >
= = =
Zos 3 2
g 2 3
& - -
,—u ] B
204 E 5
5 a A
3 L
0.2
0.0
00 25 50 71_5 (m N ) 125150 175 75 100 125 150 175 50 75 100 125 150 175
ime (years, Time (Years) Time (Years)
Dl o PTMAP4 (RNA) AC245407.1 (RNA) RNLS (RNA)
T — High (n=188) — High (n=188) —— High (n=188)
Low (n=187) Low (n=187) Low (n=187)
08 ‘\—\_‘L\
2 2z 2z 1
206 H 2
2 = 2
3 3 g
4 - -
3 H s S ———
504 3 :
g g g
2 a a
02
0.0
00 25 50 75 100 125 150 175 75 100 125 150 175 50 75 100 125 150 175
Time (Years) Time (Years)

Time (Years) )

Supplementary Figure 4. Survival analysis for MSI-H versus MSS classification and selected
molecular features. (A) Kaplan—Meier overall survival curves stratified by microsatellite instability
status (MSI-H vs MSS). (B—F) Kaplan—Meier curves showing overall survival according to high and
low levels of selected RNA and DNA methylation features: (B) MLHI (RNA), (C) C3orf63 (DNA
methylation), (D) PTMAP4 (RNA), (E) AC245407.1 (RNA), and (F) RNLS (RNA). Patients were
dichotomized into high and low groups using median values. Hazard ratios (HR) are shown for each

feature.
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Supplementary Figure 5: Survival analysis by genomic subtype and selected molecular features. (4)
Kaplan—Meier overall survival curves stratified by genomic subtypes (CNV_HIGH, CNV_LOW, MSI,
and POLE). (B-F) Kaplan—Meier curves showing overall survival according to high and low



expression levels of selected RNA and microRNA features: (B) PPP4R4, (C) MSH4, (D) MLHI, (E)
EPM2AIPI, and (F) hsa-miR-378a. Patients were dichotomized into high and low expression groups
based on median values. Hazard ratios (HR) are shown for each feature.
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EMMA-STRAT Results Browser

Interactive model performance explorer for endometrial cancer molecular subtyping

EMMA-STRAT (Endometrial cancer Multi-omics Machine learning Architecture for STRATIfication) is a supervised multi-omics
machine learning framework that integrates mRNA expression, miRNA expression, and DNA methylation data to classify UCEC
(Uterine Corpus Endometrial Carcinoma) molecular subtypes and MSI status. The framework was trained on TCGA (N and
validated on two independent CPTAC cohorts (Set-2 N=95, Set-3 N=108). Six classifiers were benchmarked — LightGBM, MLP,
Random Forest, SVM, KNN, and GNN — with top-performing models achieving a balanced accuracy of 0.981 (LightGBM, MSI
dlassification, internal) and 0.891 (MLP, genomic subtyping, internal), with strong generalisation to both external validation sets.
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Supplementary Figure 6. Screenshot of the EMMA-STRAT interactive results browser home page,
accessible at hitps://naisargl4.github.io/lEMMA-STRAT-web-viewer/index.html. The landing page

provides a summary of the framework, key statistics, and navigation cards linking to the four browser
sections.: Model Results, Selected Features, SHAP Analysis, and Flexynesis Comparison.
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Interactive model performance explorer for endometrial cancer molecular subtyping

Home  ModelResults  Selected Features ~ SHAP Analysis  Flexynesis Comparison
TASK OMICS TYPE MODEL FEATURE SELECTION N FEATURES
All tasks v All omics v All models v All FS methods v All v ‘ Reset Filters
Best internal F1 per task & omics: () Multi-Omics () RNA Expression () DNA Methylation () miRNA Expression Selected row
- Omics Type 4 FSMethod 4 NFeat. « Int.BalAcc 4+ AvgExtBal.. <+ Int.Macro... Avg Ext. F1 Int. AUC  + AvgExt. AUC ~
M| Status Multi-Omics LightGBM SVM-RFE 20 0981 0.940 0981 0.927 0997 0.959
M Status RNA Expression MLP SVM-RFE 100 0988 0.890 0.981 0.857 0995 0.910
M Status Multi-Omics LightGBM LASSO-RFE 150 0968 0.912 0971 0.893 0992 0.963
M Status Multi-Omics MLP LASSO-RFE 200 0961 0.895 0971 0.877 0969 0.941
M Status Multi-Omics GNN LASSO-RFE 100 0961 0.876 0971 0.869 0973 0.924
M Status Multi-Omics MLP LASSO-RFE 100 0968 0.874 0971 0.847 0991 0.945
M Status RNA Expression MLP SVM-RFE 200 0975 0.864 0971 0.836 0966 0.907
M Status Multi-Omics MLP SVM-RFE 100 0975 0.860 0971 0.832 0998 0.917
M Status Multi-Omics MLP LASSO-RFE 150 0968 0.843 0971 0.817 0974 0.930
M Status Multi-Omics Random Forest | LASSO-RFE 10 0962 0.933 0962 0.937 0993 0.956
M Status Multi-Omics Random Forest | SVM-RFE 20 0962 0.922 0962 0.917 0991 0.958
M Status RNA Expression MLP LASSO-RFE 150 0962 0.902 0962 0.874 0982 0.928
M Status RNA Expression MLP SVM-RFE 50 0969 0.910 0962 0.871 0987 0.954
M Status RNA Expression MLP LASSO-RFE 100 0962 0.888 0962 0.868 0968 0.912
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Supplementary Figure 7. Screenshot of the Model Results page of the EMMA-STRAT interactive
results browser [hitps://naisargl4.github.io/EMMA-STRAT-web-viewer/results.html]. Results are
filterable by classification task, omics type, model architecture, feature selection method, and feature

count. For each configuration, internal balanced accuracy, average external balanced accuracy,
internal and average external macro Fl-score, and internal and average external AUC are displayed.
Rows corresponding to the best internal macro Fl-score per task and omics type are
colour-highlighted.
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TASK FS METHOD N FEATURES
MS Status v Random Forest v 50 v | | Reset |
miRNA Expression 50 [1sv] | RNA Expression 50 [1c5v] | DNA Methylation 0 (1esv]
#  Feature S % Feature S #  Feature 1
hsa-mir-125a 1 ENSGOe800213185.7 1 NAALAD2
hsa-mir-196b ENSGO0000167912.6 2 TMCO1
hsa-mir-615 3 ENSGOee00179101.5 3 VSTM2B
hsa-mir-153 4 ENSGO0000141293.16 4 FAM150A
hsa-mir-142 5 ENSGO0000211770.1 5 ANKRD4S5
6 hsa-mir-132 6 ENSGO0000067445.21 6 WIF1
hsa-mir-30d ENSGO0000163584.18 7 TEKT1
8 hsa-mir-196a 8 ENSGO0000250486.5 8 CHL1
hsa-mir-107 ENSGO0000187566.6 9 CSorf52
hsa-mir-31 1 ENSGO0000141504 .12 10 EPB41L3
hsa-mir-30a 1 ENSGO0000246705.4 1 CPXM1
hsa-mir-361 2 ENSGO0000102287.19 SEC31B
13 hsa-mir-103a 13 ENSGO0000267640.6 13 C100rf99
hsa-mir-34a 14 ENSGO0000100116.17 4 NPR2

Supplementary Figure 8. Screenshot of the Selected Features page of the EMMA-STRAT interactive
results browser [hitps:/naisargl4.github.io/EMMA-STRAT-web-viewer/features.html]. Features are
displayed separately for each omics layer (miRNA expression, RNA expression, and DNA
methylation) and are filterable by classification task, feature selection method, and feature count.
Individual omics-layer feature lists are available for download as CSV files.
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Supplementary Figure 9. Screenshot of the SHAP Analysis page of the EMMA-STRAT interactive
results browser, shown here for the genomic subtype classification task (MLP, LASSO-RFE, 50
features) [https://naisargl4.github.io/EMMA-STRAT-web-viewer/shap.html]. The top 20 features are
displayed as a horizontal bar chart of mean absolute SHAP importance, colour-coded by omics layer
(RNA expression, DNA methylation, miRNA expression). A sortable table below the chart reports

per-class SHAP importance scores alongside mean importance for each feature. Results can be
toggled between the genomic subtype and MSI status models.
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TASK
All tasks v Reset Filter

4 Int.BalAcc 4 AvgExt.Bal.. 4 Int.Macro... Avg Ext. F1 Int. AUC 4 AvgExt. AUC -
Flexynesis — CrossModalPred MSsI Status 0.878 0.871 0.383 0.827 0918 0.919
Flexynesis — DirectPred MSI Status 0.812 0.826 0.328 0.831 0.904 0.934
Flexynesis — Supervised VAE MSsl Status 0.812 0.814 0.328 0.791 0.892 0.900
Flexynesis — CrossModalPred Genomic Subtype 0758 0.735 0.760 0.708 0.928 0.921
Flexynesis — Supervised VAE Genomic Subtype 0729 0.740 0739 0.700 0.903 0.913
Flexynesis — DirectPred Genomic Subtype 0.693 0.836 0702 0.821 0.944 0.964
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Supplementary Figure 10. Screenshot of the Flexynesis Comparison page of the EMMA-STRAT
interactive results browser [hitps.//naisargl4.github.io/EMMA-STRAT-web-viewer/flexynesis.html].
The table presents internal balanced accuracy, average external balanced accuracy, internal and

average external macro Fl-score, and internal and average external AUC for all three Flexynesis
integration strategies (DirectPred, Supervised VAE, CrossModalPred) across both classification
tasks, filterable by task.
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