Supplementary Tables
	Supplementary Table 1. Missingness of Candidate Variables Before Imputation

	Variable
	Missing n
	Missing %
	Role
	Imputation or handling

	pH
	82
	14.99
	Candidate predictor
	If missing, imputed within each training fold only

	PaCO₂
	81
	14.81
	Candidate predictor
	If missing, imputed within each training fold only

	PaO₂
	80
	14.63
	Candidate predictor
	If missing, imputed within each training fold only

	WBC
	28
	5.12
	Candidate predictor
	If missing, imputed within each training fold only

	NE%
	28
	5.12
	Candidate predictor
	If missing, imputed within each training fold only

	Fever
	20
	3.66
	Candidate predictor
	If missing, imputed within each training fold only

	mMRC
	12
	2.19
	Candidate predictor
	If missing, imputed within each training fold only

	Age
	3
	0.55
	Candidate predictor
	If missing, imputed within each training fold only

	Sex
	3
	0.55
	Candidate predictor
	If missing, imputed within each training fold only

	HR
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	RR
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	SBP
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	SpO2
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	Hypertension
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	Diabetes
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	COPD
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	PAH
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	GERD
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	IPF
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	CTD-ILD
	0
	0
	Candidate predictor
	If missing, imputed within each training fold only

	Smoke
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	Chronic cough
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	HGB
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	PLT
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	Na⁺
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	K+
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	ALT
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	AST
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	Cr
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	Invasive ventilation
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	Non-invasive ventilation
	0
	0.00
	Candidate predictor
	If missing, imputed within each training fold only

	Outcome
	0
	0.00
	Outcome
	Outcome; patients with missing outcome were removed before analysis

	Time
	0
	0.00
	Excluded before modeling
	Excluded before modeling

	Note. Missingness is summarized in the original sample before model preprocessing. All imputation steps for candidate predictors were conducted within each training fold to reduce information leakage.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; COPD, chronic obstructive pulmonary disease; Cr, serum creatinine; CTD-ILD, connective tissue disease–associated interstitial lung disease; GERD, gastroesophageal reflux disease; HGB, hemoglobin; HR, heart rate; IPF, idiopathic pulmonary fibrosis; K+, serum potassium; mMRC, modified Medical Research Council dyspnea scale; Na+, serum sodium; NE%, neutrophil percentage; PaCO₂, partial pressure of arterial carbon dioxide; PaO₂, partial pressure of arterial oxygen; PAH, pulmonary arterial hypertension; pH, arterial pH; PLT, platelet count; RR, respiratory rate; SBP, systolic blood pressure; SpO₂, peripheral oxygen saturation; WBC, white blood cell count.








	Supplementary Table 2. Pairwise comparisons of AUC between the final NN model and comparator models using a patient-level, outcome-stratified paired bootstrap procedure with Holm adjustment

	Reference model
	Comparator model
	Reference AUC
	Comparator AUC
	AUC difference (95% CI)
	Unadjusted P value 
	Holm-adjusted P value
	Significant after Holm adjustment

	NN
	MLP
	0.821
	0.807
	0.013 (-0.009–0.037)
	0.276
	0.552
	No

	NN
	RF
	0.821
	0.807
	0.014 (-0.012–0.040)
	0.309
	0.552
	No

	NN
	SVM
	0.821
	0.803
	0.017 (-0.007–0.041)
	0.164
	0.492
	No

	NN
	AdaBoost
	0.821
	0.795
	0.026 (0.002–0.049)
	0.033
	0.165
	No

	NN
	GBM
	0.821
	0.793
	0.027 (0.002–0.053)
	0.033
	0.165
	No

	NN
	NB
	0.821
	0.791
	0.030 (0.006–0.055)
	0.005
	0.040
	Yes

	NN
	RFE_LR
	0.821
	0.789
	0.032 (0.005–0.059)
	0.021
	0.126
	No

	NN
	LR
	0.821
	0.788
	0.033 (0.007–0.060)
	0.014
	0.098
	No

	Note. AUC difference was calculated as the reference-model AUC minus the comparator-model AUC; therefore, a positive value indicates a higher AUC for the NN model. Two-sided P values were calculated using a patient-level, outcome-stratified paired bootstrap procedure with 2,000 resamples. Holm’s step-down procedure was applied across the eight NN-versus-comparator comparisons to control the family-wise error rate. Statistical significance was defined as a Holm-adjusted P value <0.05. The reported 95% confidence intervals are nominal, unadjusted bootstrap confidence intervals. Abbreviations: AdaBoost, adaptive boosting; AUC, area under the receiver operating characteristic curve; CI, confidence interval; GBM, gradient boosting machine; LR, logistic regression; MLP, multilayer perceptron; NB, naive Bayes; NN, neural network; RF, random forest; RFE_LR, recursive feature elimination-based logistic regression; SVM, support vector machine.




	Supplementary Table 3. Threshold-dependent Classification Performance of Final NN Model

	Operating point
	Threshold
	TP
	FP
	TN
	FN
	Sensitivity
	Specificity
	PPV
	NPV
	F1 score
	Accuracy

	F1-optimized threshold
	0.57
	65
	45
	394
	43
	0.602
	0.897
	0.591
	0.902
	0.596
	0.839

	Sensitivity ≥ 0.80
	0.37
	87
	154
	285
	21
	0.806
	0.649
	0.361
	0.931
	0.499
	0.680

	Sensitivity ≥ 0.85
	0.33
	94
	185
	254
	14
	0.870
	0.579
	0.337
	0.948
	0.486
	0.636

	Sensitivity ≥ 0.90
	0.29
	98
	235
	204
	10
	0.907
	0.465
	0.294
	0.953
	0.444
	0.552

	Note. The main threshold was selected by the maximum F1 criterion. Alternative thresholds were chosen as the highest-specificity operating points satisfying prespecified sensitivity targets.
Abbreviations: F1, harmonic mean of precision and recall; FN, false negatives; FP, false positives; NN, neural network; NPV, negative predictive value; PPV, positive predictive value; TN, true negatives; TP, true positives.





	Supplementary Table 4. Calibration of Final NN Model Based on Repeated Cross-validated Predictions

	Calibration group
	N
	Deaths
	Mean predicted risk
	Observed mortality

	1
	110
	5
	0.152
	0.045

	2
	110
	5
	0.251
	0.045

	3
	109
	17
	0.340
	0.156

	4
	109
	17
	0.465
	0.156

	5
	109
	64
	0.809
	0.587

	Note. Patients were divided into five groups by predicted risk. Additional calibration metrics: Brier score: 0.159; Calibration intercept: -1.375; Calibration slope: 0.944.
Abbreviations: CV, cross-validation; N, number of patients; NN, neural network.





	Supplementary Table 5. Apparent In-sample Exploratory Recalibration Metrics of the Final NN Model

	Method
	Apparent Brier score
	Calibration intercept
	Calibration slope
	Intercept P value
	Slope P value

	Original repeated CV predictions
	0.159
	-1.375
	0.944
	<0.001
	<0.001

	Platt recalibration
	0.113
	0.000
	1.000
	1.000
	<0.001

	Isotonic recalibration
	0.107
	0.000
	1.000
	1.000
	<0.001

	Note. Platt scaling and isotonic regression were fitted and evaluated on the same patient-level aggregated cross-validation prediction set; external validation and recalibration remain necessary before clinical use.
Abbreviations: CV, cross-validation; NN, neural network; P value, probability value.





	Supplementary Table 6. Decision Curve Analysis Values of Final NN Model at Key Thresholds

	Threshold
	NN net benefit
	Treat-all net benefit
	Treat-none net benefit

	0.05
	0.155
	0.155
	0.000

	0.10
	0.108
	0.108
	0.000

	0.15
	0.064
	0.056
	0.000

	0.20
	0.033
	-0.003
	0.000

	0.25
	0.012
	-0.070
	0.000

	0.30
	0.003
	-0.147
	0.000

	0.35
	-0.004
	-0.235
	0.000

	0.40
	-0.005
	-0.338
	0.000

	0.45
	0.008
	-0.459
	0.000

	0.50
	0.011
	-0.605
	0.000

	0.55
	0.013
	-0.783
	0.000

	0.60
	-0.003
	-1.006
	0.000

	Note. Values are shown at representative thresholds from 0.05 to 0.60, matching the clinical threshold range used for the main decision curve.                                                                                                                            
Abbreviations: DCA, decision curve analysis; NN, neural network.




	Supplementary Table 7. Clinical Impact Curve Values of Final NN Model at Key Thresholds

	Threshold
	High-risk patients per 1,000
	True deaths among high-risk per 1,000
	Total deaths per 1,000

	0.05
	998.2
	197.4
	197.4

	0.10
	983.5
	195.6
	197.4

	0.15
	917.7
	192.0
	197.4

	0.20
	808.0
	188.3
	197.4

	0.25
	702.0
	184.6
	197.4

	0.30
	585.0
	177.3
	197.4

	0.35
	471.7
	162.7
	197.4

	0.40
	378.4
	148.1
	197.4

	0.45
	307.1
	142.6
	197.4

	0.50
	252.3
	131.6
	197.4

	0.55
	208.4
	120.7
	197.4

	0.60
	184.6
	109.7
	197.4

	Note. Values are expressed per 1,000 patients and are shown at representative thresholds from 0.05 to 0.60.
Abbreviations: CIC, clinical impact curve; NN, neural network.




	Supplementary Table 8. NIV-related Sensitivity Analyses

	Analysis
	Subgroup
	N
	Events
	AUC or AUC difference (95% CI)
	Threshold
	Sensitivity
	Specificity
	F1
	Comment

	NIV alone
	Overall
	547
	108
	0.626 (0.584–0.669)
	0.50
	0.269
	0.984
	0.403
	Univariable NIV predictor

	Final NN vs NIV alone
	Overall
	547
	108
	0.194 (0.147–0.243)
	
	
	
	
	AUC difference; P<0.001

	Final NN
	NIV = 0
	511
	79
	0.769 (0.709–0.830)
	0.57
	0.456
	0.912
	0.471
	Subgroup performance

	Final NN
	NIV = 1
	36
	29
	0.591 (0.314–0.868)
	0.57
	1.000
	0.000
	0.892
	Subgroup performance

	Excluding NIV workflow
	Overall
	547
	108
	0.790 (0.737–0.842)
	0.61
	0.593
	0.902
	0.595
	Final model without NIV: MLP

	Note. NIV refers to non-invasive ventilation use during the early post-admission window defined in the manuscript. This table summarizes NIV-only prediction, final-model performance by NIV subgroup, AUC comparison with NIV alone, and the repeated modeling workflow after excluding NIV.
Abbreviations: AUC, area under the receiver operating characteristic curve; CI, confidence interval; F1, harmonic mean of precision and recall; MLP, multilayer perceptron; N, number of patients; NIV, non-invasive ventilation; NN, neural network; P value, probability value.




	Supplementary Table 9. SHAP Feature Importance for Final NN Explanatory Model

	Variable
	Mean absolute SHAP value

	mMRC
	0.123

	IPF = Yes
	0.119

	PaO₂
	0.079

	NE%
	0.068

	Hypertension = Yes
	0.050

	NIV = Yes
	0.032

	Note. Mean absolute SHAP values summarize the average contribution magnitude of each feature to the final explanatory NN model output. SHAP values describe model behavior, not causal effects.
Abbreviations: IPF, idiopathic pulmonary fibrosis; mMRC, modified Medical Research Council dyspnea scale; NE%, neutrophil percentage; NIV, non-invasive ventilation; NN, neural network; PaO₂, partial pressure of arterial oxygen; SHAP, Shapley additive explanations.











	Supplementary Table 10. Coefficients and Odds Ratios of Final Full-data RFE_LR Model

	Term
	β
	SE
	Wald z
	P value
	OR (95% CI)

	(Intercept)
	-1.867
	0.154
	-12.094
	<0.001
	0.155 (0.114–0.209)

	Hypertension=Yes
	0.505
	0.108
	4.679
	<0.001
	1.658 (1.341–2.048)

	NE%
	0.659
	0.148
	4.442
	<0.001
	1.933 (1.445–2.586)

	NIV=Yes
	0.529
	0.126
	4.198
	<0.001
	1.698 (1.326–2.174)

	mMRC
	0.576
	0.156
	3.696
	<0.001
	1.779 (1.311–2.414)

	IPF=Yes
	0.493
	0.148
	3.332
	<0.001
	1.636 (1.225–2.186)

	Diabetes=Yes
	-0.373
	0.157
	-2.375
	0.018
	0.688 (0.506–0.937)

	HGB
	-0.283
	0.132
	-2.140
	0.032
	0.753 (0.581–0.976)

	PaO₂
	-0.316
	0.162
	-1.952
	0.051
	0.729 (0.531–1.001)

	Note. Coefficients are from the final full-data explanatory RFE_LR model using preprocessed/scaled and dummy-encoded predictors. ORs are provided for model interpretation and implementation reference, not as raw clinical-unit effect estimates.
Abbreviations: CI, confidence interval; HGB, hemoglobin; IPF, idiopathic pulmonary fibrosis; mMRC, modified Medical Research Council dyspnea scale; NE%, neutrophil percentage; NIV, non-invasive ventilation; OR, odds ratio; P value, probability value; PaO₂, partial pressure of arterial oxygen; RFE_LR, recursive feature elimination logistic regression; SE, standard error; β, regression coefficient.



	Supplementary Table 11. Sensitivity analysis using strict in-hospital mortality as the endpoint

	Endpoint (events/total)
	AUC (nominal 95% CI)
	Maximum-F1 threshold
	Sensitivity
	Specificity
	Brier score

	Strict in-hospital mortality (95/547)
	0.797 (0.740–0.854)
	0.676
	0.484
	0.949
	0.161

	[bookmark: _GoBack]Note. The 13 patients who died within 1 week after discharge against medical advice were classified as not having experienced the strict in-hospital mortality endpoint in this sensitivity analysis; this does not imply survival at 7 days. Patient-level out-of-fold probabilities were averaged across 10 repeats of 10-fold cross-validation. The neural-network algorithm family was fixed from the primary analysis; preprocessing, LASSO feature selection, training-set down-sampling, and hyperparameter tuning were repeated within each outer training fold. The maximum-F1 threshold was derived from the averaged patient-level out-of-fold predictions.
Abbreviations: AUC, area under the receiver operating characteristic curve; LASSO, least absolute shrinkage and selection operator; NN, neural network.



