Supplementary Table S1. Full clinical characteristics and outcomes across four phenotypes in the MIMIC-IV derivation cohort
	Variable
	MIMIC C0
	MIMIC C1
	MIMIC C2
	MIMIC C3
	P-value

	Total number of patients, n (%)
	7272 (49.9%)
	2201 (15.1%)
	2783 (19.1%)
	2317 (15.9%)
	-

	[Demographics]
	
	
	
	
	

	Age, years
	64.5 ± 13.7
	67.4 ± 10.9
	66.5 ± 14.9
	67.1 ± 12.7
	< 0.001

	Male gender, n (%)
	4305 (59.2%)
	1176 (53.4%)
	1673 (60.1%)
	1517 (65.5%)
	< 0.001

	[Severity Scores]
	
	
	
	
	

	SOFA score
	3.7 ± 2.7
	3.8 ± 2.9
	5.5 ± 3.6
	9.2 ± 4.2
	< 0.001

	APACHE IV score
	-
	-
	-
	-
	-

	[Vital Signs (First 24h)]
	
	
	
	
	

	Heart rate, bpm
	86.3 ± 16.7
	90.2 ± 16.5
	90.1 ± 17.0
	93.5 ± 18.3
	< 0.001

	Mean arterial pressure, mmHg
	80.1 ± 11.0
	78.8 ± 10.7
	77.4 ± 11.2
	72.5 ± 10.4
	< 0.001

	Respiratory rate, breaths/min
	18.7 ± 3.8
	20.5 ± 4.1
	20.7 ± 4.3
	21.0 ± 4.7
	< 0.001

	Temperature, °C
	36.8 ± 0.4
	36.8 ± 0.4
	36.9 ± 0.5
	36.7 ± 0.7
	< 0.001

	SpO2, %
	96.7 ± 2.0
	95.9 ± 2.8
	96.4 ± 2.4
	96.1 ± 3.7
	< 0.001

	[Laboratory Findings (First 24h)]
	
	
	
	
	

	White blood cell count, K/μL
	13.0 ± 7.3
	13.5 ± 8.0
	15.9 ± 24.0
	17.7 ± 14.5
	< 0.001

	Platelets, K/μL
	216.1 ± 119.5
	246.9 ± 123.5
	143.2 ± 116.5
	164.8 ± 124.5
	< 0.001

	Creatinine, mg/dL
	1.1 ± 0.6
	1.0 ± 0.7
	1.4 ± 1.0
	3.1 ± 2.6
	< 0.001

	Blood urea nitrogen, mg/dL
	21.7 ± 12.6
	22.9 ± 13.7
	29.3 ± 18.9
	56.5 ± 34.5
	< 0.001

	Lactate, mmol/L
	2.3 ± 1.2
	2.2 ± 1.3
	2.3 ± 1.4
	5.5 ± 4.4
	< 0.001

	Glucose, mg/dL
	155.5 ± 65.9
	156.5 ± 82.0
	160.1 ± 78.8
	217.9 ± 222.0
	< 0.001

	Sodium, mEq/L
	136.7 ± 4.9
	136.1 ± 5.1
	136.8 ± 5.1
	133.9 ± 6.9
	< 0.001

	Potassium, mEq/L
	4.4 ± 0.6
	4.5 ± 0.7
	4.4 ± 0.7
	5.3 ± 1.1
	< 0.001

	Bilirubin, mg/dL
	1.1 ± 1.7
	0.7 ± 0.7
	1.0 ± 1.2
	3.8 ± 6.7
	< 0.001

	Albumin, g/dL
	2.9 ± 0.4
	2.9 ± 0.4
	3.0 ± 0.4
	2.7 ± 0.6
	< 0.001

	Prothrombin time, s
	36.2 ± 21.6
	37.9 ± 24.4
	38.0 ± 22.7
	59.7 ± 38.9
	< 0.001

	Activated partial thromboplastin time, s
	1.4 ± 0.4
	1.3 ± 0.5
	1.5 ± 0.5
	2.4 ± 2.0
	< 0.001

	[Cancer Types]
	
	
	
	
	

	Lung cancer, n (%)
	0 (0.0%)
	2195 (99.7%)
	20 (0.7%)
	121 (5.2%)
	< 0.001

	Colorectal cancer, n (%)
	461 (6.3%)
	13 (0.6%)
	11 (0.4%)
	127 (5.5%)
	< 0.001

	Breast cancer, n (%)
	302 (4.2%)
	9 (0.4%)
	9 (0.3%)
	55 (2.4%)
	< 0.001

	Hematologic cancer, n (%)
	11 (0.2%)
	32 (1.5%)
	2778 (99.8%)
	385 (16.6%)
	< 0.001

	Metastatic cancer, n (%)
	3605 (49.6%)
	1326 (60.2%)
	53 (1.9%)
	969 (41.8%)
	< 0.001

	[Clinical Interventions & Outcomes]
	
	
	
	
	

	Mechanical ventilation, n (%)
	1661 (22.8%)
	550 (25.0%)
	673 (24.2%)
	1023 (44.2%)
	< 0.001

	Vasopressor use, n (%)
	1259 (17.3%)
	461 (20.9%)
	682 (24.5%)
	1314 (56.7%)
	< 0.001

	ICU length of stay, days
	1.9 [1.1-3.2]
	2.0 [1.1-4.1]
	2.1 [1.1-4.0]
	2.5 [1.3-5.0]
	< 0.001

	In-hospital mortality, n (%)
	787 (10.8%)
	457 (20.8%)
	603 (21.7%)
	1039 (44.8%)
	< 0.001


Note: For Supplementary Table S1, continuous variables are presented as mean ± standard deviation or median [interquartile range], as appropriate; categorical variables are presented as n (%). Comparisons across phenotypes were performed using ANOVA or Kruskal-Wallis tests for continuous variables and chi-square tests for categorical variables. C0–C3 denote the four clinical phenotypes in the MIMIC-IV derivation cohort. Cancer type categories are not mutually exclusive. BUN: blood urea nitrogen; WBC: white blood cell; MAP: mean arterial pressure; SpO2: pulse oxygen saturation; SOFA: Sequential Organ Failure Assessment; APACHE IV: Acute Physiology and Chronic Health Evaluation IV; ICU: intensive care unit.

Supplementary Table S2. Full clinical characteristics and outcomes across four phenotypes in the eICU external validation cohort
	Variable
	eICU C0
	eICU C1
	eICU C2
	eICU C3
	P-value

	Total number of patients, n (%)
	6298 (61.1%)
	1759 (17.1%)
	1307 (12.7%)
	937 (9.1%)
	-

	[Demographics]
	
	
	
	
	

	Age, years
	64.8 ± 13.5
	67.3 ± 10.7
	67.6 ± 14.4
	65.9 ± 13.5
	< 0.001

	Male gender, n (%)
	3334 (52.9%)
	956 (54.3%)
	796 (60.9%)
	575 (61.4%)
	< 0.001

	[Severity Scores]
	
	
	
	
	

	SOFA score
	-
	-
	-
	-
	-

	APACHE IV score
	54.1 ± 19.5
	57.8 ± 21.3
	66.9 ± 23.4
	89.1 ± 34.4
	< 0.001

	[Vital Signs (First 24h)]
	
	
	
	
	

	Heart rate, bpm
	87.4 ± 16.5
	90.3 ± 16.6
	92.3 ± 18.2
	96.7 ± 18.4
	< 0.001

	Mean arterial pressure, mmHg
	81.0 ± 12.2
	80.7 ± 11.0
	78.8 ± 6.6
	75.8 ± 10.8
	< 0.001

	Respiratory rate, breaths/min
	18.5 ± 4.5
	20.5 ± 5.3
	21.3 ± 5.7
	21.7 ± 6.8
	< 0.001

	Temperature, °C
	37.1 ± 0.2
	37.1 ± 0.4
	37.1 ± 0.4
	36.9 ± 1.3
	< 0.001

	SpO2, %
	97.0 ± 2.3
	96.2 ± 3.4
	96.6 ± 2.6
	95.5 ± 5.2
	< 0.001

	[Laboratory Findings (First 24h)]
	
	
	
	
	

	White blood cell count, K/μL
	13.3 ± 10.1
	13.1 ± 9.5
	19.1 ± 30.9
	20.0 ± 23.8
	< 0.001

	Platelets, K/μL
	208.3 ± 105.8
	212.7 ± 110.4
	125.9 ± 118.2
	156.1 ± 122.6
	< 0.001

	Creatinine, mg/dL
	1.1 ± 0.8
	1.0 ± 0.7
	1.5 ± 1.1
	3.8 ± 3.1
	< 0.001

	Blood urea nitrogen, mg/dL
	20.7 ± 13.1
	21.9 ± 13.8
	31.4 ± 20.7
	62.7 ± 32.1
	< 0.001

	Lactate, mmol/L
	2.1 ± 0.8
	2.2 ± 1.1
	2.3 ± 1.3
	5.4 ± 5.0
	< 0.001

	Glucose, mg/dL
	156.9 ± 66.2
	153.1 ± 62.6
	153.4 ± 68.5
	193.0 ± 134.0
	< 0.001

	Sodium, mEq/L
	138.6 ± 4.5
	137.7 ± 4.7
	138.6 ± 5.1
	138.3 ± 7.0
	< 0.001

	Potassium, mEq/L
	4.2 ± 0.6
	4.3 ± 0.6
	4.3 ± 0.8
	5.2 ± 1.1
	< 0.001

	Bilirubin, mg/dL
	0.9 ± 1.4
	0.7 ± 0.6
	1.1 ± 1.4
	3.0 ± 5.4
	< 0.001

	Albumin, g/dL
	2.7 ± 0.5
	2.6 ± 0.5
	2.6 ± 0.5
	2.3 ± 0.6
	< 0.001

	Prothrombin time, s
	33.6 ± 11.8
	33.7 ± 11.9
	33.9 ± 10.0
	41.3 ± 22.9
	< 0.001

	Activated partial thromboplastin time, s
	1.2 ± 0.4
	1.3 ± 0.5
	1.3 ± 0.5
	1.9 ± 1.6
	< 0.001

	[Cancer Types]
	
	
	
	
	

	Lung cancer, n (%)
	0 (0.0%)
	1754 (99.7%)
	7 (0.5%)
	60 (6.4%)
	< 0.001

	Colorectal cancer, n (%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	-

	Breast cancer, n (%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	-

	Hematologic cancer, n (%)
	1 (0.0%)
	13 (0.7%)
	1282 (98.1%)
	136 (14.5%)
	< 0.001

	Metastatic cancer, n (%)
	761 (12.1%)
	235 (13.4%)
	22 (1.7%)
	134 (14.3%)
	< 0.001

	[Clinical Interventions & Outcomes]
	
	
	
	
	

	Mechanical ventilation, n (%)
	1593 (25.3%)
	572 (32.5%)
	396 (30.3%)
	458 (48.9%)
	< 0.001

	Vasopressor use, n (%)
	587 (9.3%)
	231 (13.1%)
	229 (17.5%)
	425 (45.4%)
	< 0.001

	ICU length of stay, days
	1.9 [1.0-3.6]
	2.0 [1.0-4.0]
	2.1 [1.2-4.0]
	2.4 [1.0-5.0]
	< 0.001

	In-hospital mortality, n (%)
	604 (9.6%)
	332 (18.9%)
	298 (22.8%)
	464 (49.5%)
	< 0.001


Note: For Supplementary Table S2, continuous variables are presented as mean ± standard deviation or median [interquartile range], as appropriate; categorical variables are presented as n (%). Comparisons across phenotypes were performed using ANOVA or Kruskal-Wallis tests for continuous variables and chi-square tests for categorical variables. C0–C3 denote the four clinical phenotypes in the eICU external validation cohort. Specific counts for colorectal and breast cancers were unavailable in the eICU dataset due to structural differences in diagnostic coding systems. Cancer type categories are not mutually exclusive. BUN: blood urea nitrogen; WBC: white blood cell; MAP: mean arterial pressure; SpO2: pulse oxygen saturation; SOFA: Sequential Organ Failure Assessment; APACHE IV: Acute Physiology and Chronic Health Evaluation IV; ICU: intensive care unit.

Supplementary Table S3. Multivariable analysis and AI importance ranking of risk factors in the derivation and validation cohorts
	Variable
	MIMIC Adjusted OR (95% CI)
	P-value
	AI Rank
	eICU Adjusted OR (95% CI)
	P-value
	AI Rank

	Vasopressor use
	1.23 (1.17-1.30)
	< 0.001
	1
	1.33 (1.26-1.40)
	< 0.001
	2

	Mechanical ventilation
	1.42 (1.34-1.50)
	< 0.001
	2
	1.58 (1.49-1.68)
	< 0.001
	1

	Blood urea nitrogen, mg/dL
	1.56 (1.46-1.66)
	< 0.001
	3
	1.55 (1.43-1.67)
	< 0.001
	3

	Metastatic cancer
	1.38 (1.30-1.45)
	< 0.001
	4
	1.22 (1.16-1.29)
	< 0.001
	4

	Respiratory rate, breaths/min
	1.42 (1.35-1.50)
	< 0.001
	5
	1.26 (1.19-1.34)
	< 0.001
	7

	Activated partial thromboplastin time, s
	1.04 (1.00-1.09)
	0.069
	6
	1.02 (0.96-1.08)
	0.52
	13

	Heart rate, bpm
	1.53 (1.45-1.62)
	< 0.001
	7
	1.50 (1.41-1.61)
	< 0.001
	5

	Hematologic cancer
	1.29 (1.22-1.36)
	< 0.001
	8
	1.15 (1.08-1.22)
	< 0.001
	22

	Lung cancer
	1.13 (1.07-1.18)
	< 0.001
	9
	1.17 (1.10-1.24)
	< 0.001
	9

	SpO2, %
	0.68 (0.64-0.72)
	< 0.001
	10
	0.69 (0.65-0.74)
	< 0.001
	10

	Albumin, g/dL
	0.83 (0.79-0.87)
	< 0.001
	11
	0.76 (0.72-0.82)
	< 0.001
	8

	Lactate, mmol/L
	1.28 (1.22-1.35)
	< 0.001
	12
	1.29 (1.21-1.36)
	< 0.001
	6

	Platelets, K/μL
	0.90 (0.86-0.95)
	< 0.001
	13
	0.91 (0.85-0.97)
	0.002
	11

	Male gender
	0.93 (0.89-0.98)
	0.004
	14
	0.98 (0.92-1.04)
	0.55
	23

	Sodium, mEq/L
	0.94 (0.89-0.99)
	0.011
	15
	1.01 (0.95-1.07)
	0.802
	12

	Temperature, °C
	0.79 (0.75-0.83)
	< 0.001
	16
	0.98 (0.93-1.03)
	0.457
	24

	Creatinine, mg/dL
	0.84 (0.78-0.90)
	< 0.001
	17
	0.87 (0.80-0.95)
	0.002
	15

	Mean arterial pressure, mmHg
	0.85 (0.80-0.90)
	< 0.001
	18
	0.91 (0.84-0.98)
	0.011
	18

	White blood cell count, K/μL
	1.01 (0.97-1.05)
	0.71
	19
	1.05 (1.00-1.11)
	0.04
	14

	Age, years
	1.13 (1.07-1.19)
	< 0.001
	20
	1.11 (1.04-1.19)
	0.002
	19

	Glucose, mg/dL
	0.97 (0.92-1.02)
	0.203
	21
	0.92 (0.87-0.98)
	0.012
	20

	Prothrombin time, s
	1.06 (1.02-1.11)
	0.009
	22
	1.04 (0.98-1.10)
	0.156
	17

	Bilirubin, mg/dL
	1.15 (1.10-1.20)
	< 0.001
	23
	1.12 (1.06-1.18)
	< 0.001
	21

	Potassium, mEq/L
	1.04 (0.99-1.10)
	0.098
	24
	1.08 (1.02-1.15)
	0.014
	16


Note: Data are presented as odds ratios (OR) with corresponding 95% confidence intervals (CI). Multivariate logistic regression analysis was performed to identify independent predictors associated with in-hospital mortality. OR: Odds ratio; CI: Confidence interval; XGBoost: Extreme gradient boosting; BUN: Blood urea nitrogen; WBC: White blood cell.


Supplementary Table S4. Subgroup validation of the XGBoost mortality prediction model across different clinical settings
	Subgroup
	MIMIC n
	MIMIC AUC (95% CI)
	eICU n
	eICU AUC (95% CI)

	All Patients
	14573
	0.818 (0.808-0.828)
	10301
	0.811 (0.798-0.824)

	Age < 65
	6433
	0.830 (0.815-0.845)
	4550
	0.825 (0.806-0.845)

	Age >= 65
	8140
	0.807 (0.794-0.820)
	5751
	0.799 (0.782-0.816)

	Male
	8671
	0.819 (0.806-0.832)
	5661
	0.810 (0.793-0.827)

	Female
	5902
	0.817 (0.801-0.832)
	4640
	0.813 (0.793-0.832)

	Lung Cancer
	2336
	0.798 (0.774-0.822)
	1821
	0.792 (0.763-0.821)

	Colorectal Cancer
	612
	0.815 (0.763-0.867)
	0
	-

	Breast Cancer
	375
	0.833 (0.774-0.892)
	0
	-

	Hematologic Cancer
	3206
	0.799 (0.780-0.819)
	1432
	0.763 (0.733-0.794)

	Metastatic Cancer
	5953
	0.800 (0.785-0.815)
	1152
	0.777 (0.744-0.811)

	SOFA <= 6
	10587
	0.788 (0.772-0.804)
	-
	-

	SOFA > 6
	3982
	0.740 (0.724-0.756)
	-
	-

	APACHE IV < 70
	-
	-
	6081
	0.770 (0.746-0.794)

	APACHE IV >= 70
	-
	-
	2623
	0.738 (0.717-0.759)

	Mechanical Ventilation: Yes
	3907
	0.804 (0.788-0.820)
	3019
	0.761 (0.742-0.781)

	Mechanical Ventilation: No
	10666
	0.810 (0.797-0.823)
	7282
	0.796 (0.776-0.815)

	Vasopressor: Yes
	3716
	0.802 (0.786-0.817)
	1472
	0.720 (0.693-0.747)

	Vasopressor: No
	10857
	0.793 (0.780-0.807)
	8829
	0.793 (0.777-0.810)

	BUN <= 25
	8786
	0.807 (0.791-0.823)
	6859
	0.796 (0.776-0.817)

	BUN > 25
	5787
	0.783 (0.770-0.797)
	3442
	0.757 (0.738-0.776)


Note: Subgroup-specific model discrimination is presented as AUC with corresponding 95% confidence intervals (CI). Baseline severity was stratified using SOFA categories in the MIMIC-IV cohort and APACHE IV categories in the eICU cohort. AUC: area under the receiver operating characteristic curve; CI: confidence interval; BUN: blood urea nitrogen; SOFA: Sequential Organ Failure Assessment; APACHE IV: Acute Physiology and Chronic Health Evaluation IV.

