Table.1 Clinical characteristics and treatment data of the study population.
	Characteristic
	Overall (n=306)
	HFNC Therapy
	p value

	
	
	Success (n=172)
	Failure (n=134)
	

	Age (years)
	69.00 [61.00, 74.00]
	69.00 [61.00, 75.00]
	68.00 [60.00, 73.00]
	0.178

	baseline time (Time T0)

	GCS Score
	13.00 [11.00, 13.00]
	13.00 [11.00, 14.00]
	13.00 [11.00, 13.00]
	0.645

	SOFA Score
	8.00 [6.00, 9.00]
	7.00 [6.00, 9.00]
	8.00 [6.00, 10.00]
	0.002

	ROX index
	6.54 [5.61, 7.25]
	6.74 [6.02, 7.38]
	5.96 [5.15, 6.87]
	< 0.001

	PaO2/FiO2
	168.37 [150.44, 187.18]
	172.53 [155.50, 189.62]
	162.50 [144.00, 181.07]
	0.004

	6h after HFNC (Time T1)

	GCS Score
	13.00 [12.00, 14.00]
	13.00 [12.00, 14.00]
	13.00 [12.00, 14.00]
	0.109

	SOFA Score
	7.00 [5.00, 9.00]
	7.00 [5.00, 8.00]
	8.00 [6.00, 10.00]
	0.001

	ROX index
	6.56 [5.73, 7.47]
	6.88 [6.26, 7.69]
	6.08 [5.42, 6.84]
	< 0.001

	PaO2/FiO2
	172.95 [147.15, 202.15]
	173.65 [152.48, 198.48]
	171.40 [138.65, 208.88]
	0.242

	HFNC Duration (days)
	2.00 [1.00, 3.00]
	2.00 [2.00, 3.00]
	1.00 [1.00, 2.00]
	< 0.001

	ICU Stay (days)
	4.00 [3.00, 5.00]
	3.00 [2.00, 3.25]
	5.00 [4.00, 6.00]
	< 0.001

	Male
	177 (57.8%)
	102 (59.3%)
	75 (56.0%)
	0.639

	Hypertension
	123 (40.2%)
	76 (44.2%)
	47 (35.1%)
	0.135

	Diabetes
	65 (21.2%)
	34 (19.8%)
	31 (23.1%)
	0.566

	Pulmonary Infection
	145 (47.4%)
	64 (37.2%)
	81 (60.4%)
	< 0.001

	Shock
	159 (52.0%)
	78 (45.3%)
	81 (60.4%)
	0.012

	Machine Ventilation
	124 (40.5%)
	1 ( 0.6%)
	123 (91.8%)
	< 0.001

	Machine Ventilation Duration (days)
	0.00 [0.00, 3.00]
	0.00 [0.00, 0.00]
	3.00 [2.00, 4.00]
	< 0.001

	28-Day Mortality
	111 (36.3%)
	25 (14.5%)
	86 (64.2%)
	< 0.001


(Data are presented as median (interquartile range) or number (percentage). Continuous variables were compared using the Mann Whitney U test or independent samples t test, and categorical variables were compared using the chi square test or Fisher’s exact test. HFNC, high flow nasal cannula; CVP, central venous pressure; GCS, Glasgow Coma Scale; SOFA, Sequential Organ Failure Assessment; ROX, respiratory rate-oxygenation index;Age is reported at baseline (initiation of HFNC therapy). All other variables were measured at immediately upon (T0) and 6 h (T1) after the start of HFNC therapy. P <0.05 were considered statistically significant.)
Table.2 Vital signs and laboratory examination
	Characteristic
	Overall (n=306)
	HFNC Therapy
	p value

	
	
	Success (n=172)
	Failure (n=134)
	

	baseline time (Time T0)

	Temperature (°C)
	37.10 [36.70, 37.60]
	37.10 [36.80, 37.60]
	37.05 [36.60, 37.60]
	0.564

	Respiratory Rate (bpm )
	27.00 [24.00, 30.00]
	26.00 [23.00, 29.00]
	28.00 [24.00, 31.75]
	0.018

	Heart Rate (bpm)
	89.00 [79.00, 102.00]
	92.00 [79.00, 107.25]
	86.00 [79.25, 98.75]
	0.031

	MAP (mmHg)
	83.00 [71.00, 94.00]
	82.50 [71.00, 93.00]
	84.00 [72.00, 94.00]
	0.500

	CVP (mmHg)
	9.00 [8.00, 11.00]
	9.00 [8.00, 11.00]
	10.00 [8.00, 12.00]
	0.001

	pH
	7.42 [7.33, 7.47]
	7.43 [7.35, 7.47]
	7.39 [7.31, 7.46]
	0.003

	PaCO2 (mmHg)
	37.45 [31.13, 45.18]
	37.35 [31.98, 44.20]
	37.55 [30.58, 46.27]
	0.755

	PaO2 (mmHg)
	89.05 [77.24, 99.62]
	89.30 [78.70, 101.46]
	88.90 [76.10, 97.62]
	0.141

	Bicarbonate (mmol/L)
	22.25 [18.70, 27.85]
	23.20 [19.20, 28.70]
	21.35 [18.18, 26.62]
	0.071

	Lactate (mmol/L)
	2.20 [1.40, 4.00]
	1.80 [1.30, 3.10]
	3.00 [1.70, 4.50]
	< 0.001

	RBC (×10^12/L)
	3.41 [2.78, 4.09]
	3.41 [2.90, 4.13]
	3.42 [2.65, 4.07]
	0.808

	WBC (×10^9/L)
	10.72 [7.30, 15.32]
	10.38 [7.58, 15.23]
	10.94 [6.93, 15.51]
	0.728

	PLT (×10^9/L)
	147.50 [94.25, 193.00]
	162.50 [103.75, 197.25]
	121.50 [82.25, 188.75]
	0.012

	CRP (mg/L)
	73.73 [29.69, 162.11]
	74.22 [29.31, 144.64]
	71.95 [33.80, 172.51]
	0.426

	PCT (μg/L)
	1.27 [0.52, 7.10]
	1.08 [0.48, 6.58]
	1.50 [0.71, 7.66]
	0.079

	IL-6 (pg/mL)
	92.08 [22.15, 347.92]
	54.42 [8.50, 172.20]
	217.96 [60.47, 1,135.26]
	< 0.001

	Total Bilirubin (μmol/L)
	15.40 [10.00, 25.05]
	14.35 [9.17, 23.67]
	17.55 [11.38, 27.35]
	0.024

	Albumin (g/L)
	30.90 [26.80, 34.38]
	31.40 [27.95, 34.80]
	29.55 [25.68, 33.60]
	0.030

	Creatinine (μmol/L)
	91.35 [58.40, 138.20]
	81.80 [52.93, 115.85]
	106.90 [61.43, 162.55]
	< 0.001

	Sodium (mmol/L)
	137.60 [133.55, 142.38]
	138.30 [133.98, 143.20]
	137.00 [132.52, 140.98]
	0.064

	Potassium (mmol/L)
	4.00 [3.51, 4.38]
	3.91 [3.51, 4.34]
	4.10 [3.53, 4.42]
	0.165

	6h after HFNC (Time T1)

	Temperature (°C)
	37.20 [36.70, 37.80]
	37.00 [36.60, 37.70]
	37.30 [36.90, 38.10]
	< 0.001

	Respiratory Rate (bpm )
	26.50 [23.00, 30.00]
	26.00 [23.00, 29.00]
	27.00 [24.00, 30.75]
	0.049

	Heart Rate (bpm)
	96.00 [82.00, 115.75]
	93.00 [81.75, 111.00]
	98.00 [82.25, 120.00]
	0.059

	MAP (mmHg)
	82.00 [73.00, 89.75]
	82.00 [74.00, 89.00]
	82.00 [72.00, 90.00]
	0.925

	CVP (mmHg)
	10.00 [8.00, 13.00]
	10.00 [8.00, 11.00]
	11.00 [9.00, 14.00]
	< 0.001

	pH
	7.42 [7.37, 7.48]
	7.42 [7.38, 7.48]
	7.43 [7.36, 7.48]
	0.879

	PaCO2 (mmHg)
	39.95 [35.20, 47.80]
	38.90 [33.55, 46.08]
	41.10 [36.10, 48.45]
	0.089

	PaO2 (mmHg)
	91.40 [83.00, 99.18]
	91.95 [84.33, 98.20]
	91.00 [80.23, 100.17]
	0.645

	Bicarbonate (mmol/L)
	26.50 [23.02, 30.17]
	26.50 [23.62, 29.20]
	26.50 [22.50, 31.30]
	0.701

	Lactate (mmol/L)
	2.05 [1.30, 3.40]
	1.55 [1.10, 2.30]
	3.00 [1.83, 4.57]
	< 0.001

	RBC (×10^12/L)
	3.38 [2.74, 4.06]
	3.38 [2.76, 4.05]
	3.36 [2.70, 4.06]
	0.887

	WBC (×10^9/L)
	10.47 [7.38, 14.84]
	10.20 [7.66, 13.63]
	11.42 [6.67, 16.03]
	0.713

	PLT (×10^9/L)
	139.00 [78.25, 189.50]
	153.00 [110.00, 201.00]
	114.00 [59.00, 175.00]
	< 0.001

	CRP (mg/L)
	73.26 [27.57, 137.08]
	62.95 [25.48, 125.33]
	79.50 [36.65, 163.15]
	0.081

	PCT (μg/L)
	1.44 [0.58, 7.48]
	1.22 [0.49, 6.63]
	1.87 [0.73, 9.34]
	0.009

	IL-6 (pg/mL)
	108.48 [15.89, 323.62]
	48.91 [2.32, 158.49]
	301.07 [86.72, 843.44]
	< 0.001

	Total Bilirubin (μmol/L)
	16.20 [9.10, 30.08]
	15.00 [8.05, 27.25]
	18.80 [11.57, 34.80]
	0.001

	Albumin (g/L)
	30.20 [26.50, 32.40]
	30.40 [26.87, 32.65]
	29.50 [26.22, 32.30]
	0.406

	Creatinine (μmol/L)
	84.00 [54.10, 128.83]
	69.45 [42.85, 101.20]
	100.25 [77.07, 188.50]
	< 0.001

	Sodium (mmol/L)
	140.00 [136.70, 144.40]
	140.55 [136.67, 144.35]
	139.85 [136.70, 144.40]
	0.920

	Potassium (mmol/L)
	4.00 [3.62, 4.43]
	4.00 [3.60, 4.46]
	4.06 [3.69, 4.41]
	0.511


(Data are presented as median (interquartile range). Continuous variables were compared using the Mann Whitney U test or independent samples t test, and categorical variables were compared using the chi square test or Fisher’s exact test. HFNC, high flow nasal cannula; CVP, central venous pressure; MAP, mean arterial pressure; SpO₂, peripheral oxygen saturation; PaCO₂, partial pressure of arterial carbon dioxide; PaO₂, partial pressure of arterial oxygen; RBC, red blood cell count; WBC, white blood cell count; PLT, platelet count; CRP, C reactive protein; PCT, procalcitonin; IL 6, interleukin 6. P <0.05 were considered statistically significant.)
Table.3 LASSO regression results of important variables related to HFNC failure.
	T0
	T1

	Variables
	lambda.1se
	Variables
	lambda.1se

	pulmonary infection
	0.0629
	pulmonary infection
	0.0067

	CVP
	0.0332
	temperature
	0.0383

	ROX
	-0.0405
	CVP
	0.0137

	Lac
	0.0085
	ROX
	-0.0363

	IL-6
	0.0002
	Lac
	0.0263

	Cr
	0.0033
	IL-6
	0.0002

	
	
	Cr
	0.0036


Table.4 Predictive performance of models for HFNC treatment failure
	Model
	AUC
(95%CI)
	AUPRC
	Sensitivity
	Specificity
	Threshold
	P Value
(vs OI-T0)

	Internal verification data (n=306）

	RF-T0-HFNC
	0.789
(0.696-0.883)
	0.771
	0.650
	0.843
	0.584
	＜ 0.001

	RF-T1-HFNC
	0.867
(0.790-0.943)
	0.868
	0.800
	0.824
	0.485
	＜ 0.001

	OI-T0
	0.560
(0.439-0.681)
	0.542
	0.325
	0.804
	0.499
	1.000

	OI-T1
	0.559
(0.434-0.683)
	0.574
	0.225
	0.98
	0.465
	0.982

	External verification (n=82)

	RF-T0-HFNC
	0.717
(0.602-0.831)
	0.657
	0.516
	0.804
	0.656
	0.131

	RF-T1-HFNC
	0.817
(0.720-0.913)
	0.714
	0.677
	0.882
	0.569
	0.008

	OI-T0
	0.576
(0.444-0.708)
	0.431
	0.645
	0.627
	0.481
	1.000

	OI-T1
	0.670
(0.540-0.799)
	0.589
	0.516
	0.863
	0.456
	0.234


(AUC: area under the receiver operating characteristic curve; 95% CI: 95% confidence interval; AUPRC: area under the precision–recall curve; RF-T0(HFNC): random forest model using variables at HFNC initiation (T0); RF-T1(HFNC): random forest model using variables 6 h after HFNC initiation (T1); OI‑T0/‑T1: oxygenation index at T0/T1. Sensitivity and specificity are reported at the optimal threshold (Youden index). P values were calculated using DeLong’s method with OI‑T0 as reference. Internal validation: 70%/30% training/validation split; external validation was performed on an independent cohort.)
Table.5 LASSO regression results of important variables related to 28-Day Mortality.
	T0
	T1

	Variables
	lambda.1se
	Variables
	lambda.1se

	CVP
	0.0303
	CVP
	0.0413

	ROX
	-0.1193
	ROX
	-0.0933

	Lac
	0.0497
	Lac
	0.0981

	WBC
	-0.0117
	PLT
	-0.0019

	PLT
	-0.0027
	IL-6
	0.0001

	IL-6
	0.0001
	Cr
	0.0005


Table.6 Predictive performance of models for 28-day mortality
	Model
	AUC
(95%CI)
	AUPRC
	Sensitivity
	Specificity
	Threshold
	P Value(vs SOFA-T0)

	Internal verification (n=306）

	RF-T0-mortality
	0.815
(0.720-0.909)
	0.768
	0.545
	0.948
	0.640
	0.025

	RF-T1-mortality
	0.782
(0.682-0.882)
	0.629
	0.788
	0.724
	0.311
	0.129

	SOFA-T0
	0.689
(0.577-0.800)
	0.597
	0.818
	0.466
	0.313
	1.000

	SOFA-T1
	0.691
(0.580-0.802)
	0.522
	0.909
	0.466
	0.272
	0.958

	External verification (n=82)

	RF-T0-mortality
	0.766
(0.640-0.891)
	0.557
	0.632
	0.794
	0.490
	0.878

	RF-T1-mortality
	0.781
(0.652-0.911)
	0.640
	0.632
	0.873
	0.489
	0.751

	SOFA-T0
	0.753
(0.624-0.882)
	0.510
	0.895
	0.571
	0.295
	1.000

	SOFA-T1
	0.802
(0.691-0.913)
	0.543
	0.737
	0.746
	0.345
	0.279


(AUC: area under the receiver operating characteristic curve; 95% CI: 95% confidence interval; AUPRC: area under the precision–recall curve; RF-T0(mortality): random forest model using variables at HFNC initiation (T0); RF-T1(mortality): random forest model using variables 6 h after HFNC initiation (T1); SOFA‑T0/‑T1: Sequential Organ Failure Assessment score at T0/T1. Sensitivity and specificity are reported at the optimal threshold (Youden index). P values were calculated using DeLong’s method with SOFA‑T0 as reference. Internal validation: 70%/30% training/validation split; external validation was performed on an independent cohort.)

