Supplementary Table 1. Baseline clinicopathological characteristics of all study cohorts
	Characteristic
	TCGA-STAD (n = 332)
	GSE62254 (n = 300)
	GSE84437 (n = 483)
	Real-world (n = 17)

	Demographics

	Age, median (IQR), years
	67 (58–72)
	58 (23–82)
	62 (53–68)
	64 (58–67)

	Age > 60 years, n (%)
	221 (66.6%)
	—
	237 (55.0%)
	10 (58.8%)

	Male sex, n (%)
	217 (65.4%)
	186 (62.0%)
	294 (68.2%)
	10 (58.8%)

	Pathological Stage

	Stage I/II, n (%)
	150 (45.2%)
	125 (41.7%)
	109 (25.3%)
	3 (17.6%)

	Stage III/IV, n (%)
	182 (54.8%)
	175 (58.3%)
	322 (74.7%)
	14 (82.4%)

	Molecular Subtypes

	TCGA: CIN, n (%)
	215 (64.8%)
	—
	—
	—

	TCGA: MSI, n (%)
	61 (18.4%)
	—
	—
	—

	TCGA: GS, n (%)
	41 (12.3%)
	—
	—
	—

	TCGA: EBV-like, n (%)
	15 (4.5%)
	—
	—
	—

	ACRG: MSI, n (%)
	—
	68 (22.7%)
	—
	—

	ACRG: MSS/EMT, n (%)
	—
	46 (15.3%)
	—
	—

	ACRG: MSS/TP53+, n (%)
	—
	79 (26.3%)
	—
	—

	ACRG: MSS/TP53–, n (%)
	—
	107 (35.7%)
	—
	—

	Lauren Classification

	Intestinal, n (%)
	135 (40.7%)
	150 (50.0%)
	—
	—

	Diffuse, n (%)
	69 (20.8%)
	142 (47.3%)
	—
	—

	Mixed/Other, n (%)
	132 (38.5%)
	8 (2.7%)
	—
	—

	Survival

	Events (death), n (%)
	135 (40.7%)
	—
	207 (48.0%)
	—

	Median OS, months
	15.6
	—
	70.0
	—


IQR, interquartile range; OS, overall survival; —, data not available or not applicable for this cohort. TCGA molecular subtypes: CIN, chromosomal instability; MSI, microsatellite instability; GS, genomically stable; EBV-like, Epstein–Barr virus-like. ACRG molecular subtypes: MSS, microsatellite stable; EMT, epithelial-to-mesenchymal transition; TP53, tumour protein 53. GSE62254 age IQR not available from public metadata (median 58 years, range 23–82, per Cristescu et al. 2015). GSE84437 total cohort n = 483; 52 samples with OS = 0 were excluded from survival analysis (n = 431 for survival endpoints). GSE84437 does not include Lauren classification or molecular subtype annotations. Real-world cohort: single-centre retrospective series; OS and molecular subtype data not available. TCGA-STAD clinical characteristics are reported for n = 332 patients with complete clinicopathological data; the full modelling cohort comprises n = 344 patients, with 12 additional samples included based on availability of paired RNA-seq and WSI data despite incomplete clinical annotation.





















Supplementary Table 2. Cluster-level C-index comparison across sampling strategies and TCGA molecular subtypes (mean ± SD, 5-fold cross-validation)
	Sampling Method
	Cluster 0
	Cluster 1
	Cluster 2
	Cluster 3
	Overall

	mACE (proposed method)

	Single run
	0.7912 ± 0.0954
	0.7359 ± 0.0378
	0.7778 ± 0.0633
	0.7727 ± 0.1346
	0.7694 ± 0.0237

	Stratified Sampling

	     Repetition 1
	0.6692 ± 0.0485
	0.6686 ± 0.0466
	0.7322 ± 0.1590
	0.7171 ± 0.0964
	0.6968 ± 0.0328

	     Repetition 2
	0.7082 ± 0.0520
	0.6996 ± 0.0724
	0.6553 ± 0.1582
	0.6679 ± 0.0376
	0.6827 ± 0.0252

	     Repetition 3
	0.7139 ± 0.0484
	0.7048 ± 0.1067
	0.7076 ± 0.1417
	0.7078 ± 0.0768
	0.7085 ± 0.0038

	Average
	0.6971 ± 0.0243
	0.6910 ± 0.0196
	0.6984 ± 0.0393
	0.6976 ± 0.0261
	0.6960 ± 0.0243

	Random Sampling

	     Repetition 1
	0.6899 ± 0.0746
	0.6484 ± 0.1090
	0.7172 ± 0.0422
	0.6989 ± 0.0372
	0.6886 ± 0.0291

	     Repetition 2
	0.6983 ± 0.0682
	0.6530 ± 0.0885
	0.6857 ± 0.0242
	0.6902 ± 0.0937
	0.6818 ± 0.0199

	     Repetition 3
	0.6536 ± 0.0344
	0.6949 ± 0.0547
	0.6400 ± 0.0939
	0.7286 ± 0.0649
	0.6793 ± 0.0403

	Average
	0.6806 ± 0.0238
	0.6654 ± 0.0256
	0.6810 ± 0.0388
	0.7059 ± 0.0201
	0.6832 ± 0.0283

	Random Partitioning

	     Repetition 1
	0.6922 ± 0.0433
	0.6519 ± 0.0466
	0.7538 ± 0.1220
	0.7423 ± 0.1232
	0.7101 ± 0.0471

	     Repetition 2
	0.6563 ± 0.0554
	0.6503 ± 0.0446
	0.7526 ± 0.0936
	0.7086 ± 0.0975
	0.6920 ± 0.0482

	     Repetition 3
	0.7326 ± 0.0340
	0.7264 ± 0.1087
	0.7255 ± 0.1440
	0.7807 ± 0.1201
	0.7413 ± 0.0265

	Average
	0.6937 ± 0.0382
	0.6762 ± 0.0435
	0.7440 ± 0.0160
	0.7439 ± 0.0361
	0.7144 ± 0.0434

	No Clustering (whole-sample baseline)

	C-index
	—
	—
	—
	—
	0.6138 ± 0.0350

	TCGA Molecular Subtypes (benchmark)ᴀ

	     MSI (Microsatellite Instability)
	—
	—
	—
	—
	0.7600 ± 0.0753

	     GS (Genomically Stable)
	—
	—
	—
	—
	0.7428 ± 0.1014

	     CIN (Chromosomal Instability)
	—
	—
	—
	—
	0.6657 ± 0.0517


Values are presented as mean C-index ± SD from 5-fold cross-validation. mACE, Multimodal Attention Clustering Expert (single run on full TCGA-STAD dataset, n = 344). Stratified sampling, random sampling, and random partitioning were each repeated three times independently. Per-repetition SD is computed across 4 clusters; Average row SD is computed across 3 repetitions. Overall column reports mean ± SD across all 4 clusters per row. No clustering baseline: whole-sample C-index without cluster stratification. ᴀ TCGA molecular subtype C-indices represent within-subtype survival prediction performance (EBV-like excluded due to insufficient sample size for stable estimation); Overall column reports the subtype-specific C-index. Highlighted rows (blue) indicate mACE. 












Supplementary Table 3. Univariate and multivariate Cox proportional hazards regression analysis
	Variable
	Univariate Analysis
	Multivariate Analysis

	
	HR
	95% CI
	P value
	HR
	95% CI
	P value

	mACE Risk Score

	mACE high-risk score
	2.77
	1.96–3.92
	< 0.001
	2.77
	1.96–3.92
	< 0.001

	Clinical Variables

	Age > 60 years
	1.54
	1.04–2.28
	= 0.031
	1.89
	1.25–2.84
	= 0.002

	Male sex
	1.28
	0.88–1.85
	= 0.200
	1.26
	0.86–1.84
	= 0.242

	Stage III/IV
	1.45
	1.01–2.09
	= 0.047
	1.58
	1.08–2.30
	= 0.017

	TCGA Molecular Subtypes

	     MSI
	0.74
	0.47–1.18
	= 0.205
	1.11
	0.37–3.34
	= 0.852

	     GS
	1.22
	0.75–1.99
	= 0.426
	0.64
	0.24–1.72
	= 0.381

	     CIN
	1.01
	0.71–1.43
	= 0.970
	0.79
	0.36–1.74
	= 0.553

	Histology

	Lauren diffuse type
	1.23
	0.82–1.85
	= 0.315
	1.53
	0.79–2.97
	= 0.211

	Biomarkers (continuous, per log₂ unit)

	TMB
	0.89
	0.78–1.01
	= 0.077
	0.82
	0.65–1.03
	= 0.091

	PD-L1
	0.92
	0.82–1.04
	= 0.175
	0.88
	0.77–1.02
	= 0.081


HR, hazard ratio; CI, confidence interval; mACE, Multimodal Attention Clustering Expert. Univariate and multivariate Cox proportional hazards regression analyses. TCGA molecular subtypes: EBV-like subtype excluded due to insufficient sample size for stable estimation; MSI, microsatellite instability; GS, genomically stable; CIN, chromosomal instability. Lauren diffuse type includes ICD-O codes 8145 (carcinoma diffuse type) and 8490 (signet ring cell carcinoma). TMB and PD-L1 were log₂-transformed prior to analysis. Bold values indicate P < 0.05. Highlighted rows (blue) indicate MACE risk score.

