Main Tables
Table 1. Baseline characteristics of the three cohorts.
	Characteristic
	MIMIC-IV test
	eICU external validation
	Local clinical validation

	Sample size
	2885
	12507
	347

	Ventilator liberation failure
	1038 (36.0)
	3784 (30.3)
	113 (32.6)

	Age, years
	66.4 (54.6-76.8)
	65.0 (53.0-75.0)
	65.3 (52.5-74.7)

	Male sex
	1709 (59.2)
	6727 (53.8)
	203 (58.5)

	Body mass index, kg/m2
	28.3 (24.2-33.5)
	28.0 (23.7-33.8)
	29.2 (24.9-32.8)

	COPD
	888 (30.8)
	1294 (10.3)
	41 (11.8)

	Heart failure
	954 (33.1)
	1487 (11.9)
	76 (21.9)

	Kidney disease
	679 (23.5)
	5245 (41.9)
	89 (25.6)

	Sepsis-3 sepsis
	2408 (83.5)
	3114 (24.9)
	165 (47.6)

	Mean FiO2 in first 24 h
	50.0 (42.9-58.9)
	44.0 (32.5-57.5)
	42.2 (35.2-49.2)

	Mean PEEP in first 24 h, cmH2O
	5.6 (5.0-8.8)
	5.0 (5.0-6.5)
	7.1 (5.8-8.1)

	Minimum PaO2/FiO2 in first 24 h
	138.3 (86.0-236.0)
	142.0 (85.5-224.8)
	209.7 (168.7-255.5)

	Mean MAP in first 24 h, mmHg
	75.1 (70.1-81.9)
	76.0 (70.2-83.7)
	73.9 (68.3-79.5)

	Vasoactive drug use in first 24 h
	1565 (54.2)
	3673 (29.4)
	181 (52.2)

	Minimum GCS in first 24 h
	15.0 (15.0-15.0)
	9.0 (6.0-14.0)
	12.0 (10.0-14.0)

	Net fluid balance in first 24 h, mL
	3187.8 (972.0-6931.0)
	240.0 (0.0-766.1)
	1591.0 (404.5-2619.0)

	Highest creatinine in first 24 h, mg/dL
	1.2 (0.8-2.1)
	1.2 (0.8-2.0)
	1.4 (0.9-1.9)

	Highest lactate in first 24 h, mmol/L
	2.2 (1.4-4.1)
	2.1 (1.3-3.9)
	3.5 (2.7-4.3)


Note: Values are n (%) or median (IQR). Percentages for binary variables use the cohort sample size as the denominator; predictor missingness is summarized separately in Supplementary Table 3. Physiologic variables summarize measurements available during the first 24 hours after initiation of invasive mechanical ventilation. FiO2 is expressed as percent. COPD, chronic obstructive pulmonary disease; GCS, Glasgow Coma Scale; ICU, intensive care unit; MAP, mean arterial pressure; PEEP, positive end-expiratory pressure.


Table 2. Model performance across validation cohorts.
	Cohort
	N
	Events
	Event rate
	AUROC
	AUPRC
	Brier score
	Mean predicted risk
	O/E ratio
	Calibration slope
	ECE

	MIMIC-IV test
	2885
	1038
	0.360 (0.342-0.377)
	0.745 (0.726-0.763)
	0.629 (0.600-0.662)
	0.192 (0.185-0.199)
	35.7%
	1.008
	0.930
	0.037

	eICU external validation
	12507
	3784
	0.303 (0.295-0.311)
	0.744 (0.735-0.754)
	0.590 (0.574-0.607)
	0.177 (0.174-0.180)
	33.0%
	0.916
	1.394
	0.048

	Local clinical validation
	347
	113
	0.326 (0.278-0.377)
	0.749 (0.693-0.802)
	0.592 (0.495-0.689)
	0.184 (0.162-0.205)
	32.6%
	1.000
	1.000
	0.065


Note: AUROC, AUPRC, and Brier score are shown with bootstrap 95% confidence intervals. AUPRC should be interpreted relative to the event rate in each cohort. ECE, expected calibration error; O/E, observed-to-expected ratio.


Table 3. Risk stratification across validation cohorts.
	Cohort
	Risk group
	N
	Events
	Observed event rate
	Mean predicted risk

	MIMIC-IV test
	Low risk
	655
	77
	0.118 (0.095-0.144)
	14.7%

	MIMIC-IV test
	Intermediate risk
	1492
	510
	0.342 (0.318-0.366)
	29.8%

	MIMIC-IV test
	High risk
	738
	451
	0.611 (0.575-0.646)
	66.2%

	eICU external validation
	Low risk
	1609
	169
	0.105 (0.091-0.121)
	17.8%

	eICU external validation
	Intermediate risk
	8797
	2242
	0.255 (0.246-0.264)
	29.1%

	eICU external validation
	High risk
	2101
	1373
	0.653 (0.633-0.674)
	61.0%

	Local clinical validation
	Low risk
	100
	9
	0.090 (0.048-0.162)
	14.6%

	Local clinical validation
	Intermediate risk
	178
	64
	0.360 (0.293-0.432)
	30.5%

	Local clinical validation
	High risk
	69
	40
	0.580 (0.462-0.689)
	64.0%


Note: Risk groups were prespecified using predicted probabilities: low risk <0.20, intermediate risk 0.20-0.45, and high risk >0.45. Observed event rates are shown with 95% Wilson confidence intervals.


Table 4. Model comparison.
	Analysis type
	Analysis
	Cohort
	N
	Events
	Event rate
	AUROC
	AUPRC
	Brier score

	Model comparison
	Baseline logistic model
	MIMIC-IV test
	2885
	-
	36.0%
	0.598
	0.440
	0.241

	Model comparison
	Baseline logistic model
	eICU external validation
	12507
	-
	30.3%
	0.536
	0.337
	0.239

	Model comparison
	Clinical logistic model
	MIMIC-IV test
	2885
	-
	36.0%
	0.750
	0.638
	0.199

	Model comparison
	Clinical logistic model
	eICU external validation
	12507
	-
	30.3%
	0.715
	0.520
	0.203

	Model comparison
	RF + Platt recalibration
	MIMIC-IV test
	2885
	-
	36.0%
	0.745
	0.629
	0.192

	Model comparison
	RF + Platt recalibration
	eICU external validation
	12507
	-
	30.3%
	0.744
	0.589
	0.177

	Model comparison
	First-day SOFA score reference
	MIMIC-IV test
	2885
	-
	36.0%
	0.588
	0.454
	

	Model comparison
	eICU database-derived APACHE score reference
	eICU external validation
	11657
	-
	30.5%
	0.717
	0.530
	


Note: Model comparison evaluates RF + Platt recalibration against simpler logistic models and traditional severity-score references where available. Brier scores are not shown for score-only reference comparators because calibrated probabilities were not available. The SOFA reference used MIMIC-IV derived first-day SOFA. The APACHE reference used eICU apachePatientResult.apachescore and was available for 11,657 eICU patients rather than the full eICU validation cohort; therefore, the APACHE comparison is descriptive and not a full-cohort head-to-head comparison with RF + Platt. RF, random forest; SOFA, Sequential Organ Failure Assessment; APACHE, Acute Physiology and Chronic Health Evaluation.
