Supplementary Table 5. Final input variables and encoding used for machine learning models.
	Variable
	Data type
	Encoding
	Survival model
	Early death model
	Missing (%)

	Age
	Categorical
	<50 ; ≥50 years
	✓
	✓
	0

	Race
	Categorical
	White; Asian; Black; Others
	✓
	✓
	0

	Sex
	Categorical
	Woman; Man
	✓
	✓
	0

	Grade
	Categorical
	I; II; III; Unknown
	✓
	✓
	0

	Histology
	Categorical
	Infiltrating duct carcinoma; 
Lobular carcinoma; Other
	✓
	✓
	0

	T stage
	Categorical
	T0; T1; T2; T3; T4; Tis; TX
	✓
	✓
	0

	N stage
	Categorical
	N0; N1; N2; N3; NX
	✓
	✓
	0

	Surgery
	Categorical
	Modified radical mastectomy; 
Total (simple) mastectomy; 
Partial mastectomy; 
Radical mastectomy; 
No surgery; 
Other/Unknown
	✓
	✓
	0

	Radiotherapy
	Categorical
	Yes; No/Unknown
	✓
	✓
	0

	Chemotherapy
	Categorical
	Yes; No/Unknown
	✓
	✓
	0

	Brain metastasis
	Categorical
	Yes; No; Unknown
	✓
	✓
	0

	Liver metastasis
	Categorical
	Yes; No; Unknown
	✓
	✓
	0

	Lung metastasis
	Categorical
	Yes; No; Unknown
	✓
	✓
	0

	Other metastasis
	Categorical
	Yes; No; Unknown
	✓
	✓
	0

	ER status
	Categorical
	Negative; Positive; Unknown
	✓
	✓
	0

	PR status
	Categorical
	Negative; Positive; Unknown
	✓
	✓
	0

	HER2 status
	Categorical
	Negative; Positive; Unknown
	✓
	✓
	0

	Survival time
	Continuous
	Months (1–131)
	✓
	—
	0

	Survival status
	Binary outcome
	0 = Alive; 1 = Death
	✓
	—
	0

	Early death
	Binary outcome
	0 = No; 1 = Yes
	—
	✓
	0



[bookmark: _GoBack]Note: All variables were derived from the SEER database and harmonized prior to analysis. Categorical variables were encoded as categorical variables for model development and are presented here using clinically interpretable categories. No missing values were present after data preprocessing.
