Table 1: Baseline characteristics of patients in the training and validation sets
	Variables
	All
(n = 308)
	Training set
(n = 216)
	Validation set
(n = 92)
	P value

	Rebleeding rate, n(%)
	118 (38.3)
	83 (38.4)
	35 (38.0)
	1

	Demographics
	
	
	
	

	Age, median (IQR)
	54.0
[45.8, 64.0]
	53.0
[45.0, 64.0]
	54.0
[48.0, 62.2]
	0.371

	Female, n(%)
	73 (23.7)
	51 (23.6)
	22 (23.9)
	1

	Comorbidities, n(%)
	
	
	
	

	Hypertension
	32 (10.4)
	20 ( 9.3)
	12 (13.0)
	0.428

	Diabetes mellitus
	38 (12.3)
	18 ( 8.3)
	20 (21.7)
	0.002

	Smoking history
	86 (27.9)
	55 (25.5)
	31 (33.7)
	0.182

	Alcohol history
	82 (26.6)
	53 (24.5)
	29 (31.5)
	0.259

	Hepatitis B
	184 (59.7)
	136 (63.0)
	48 (52.2)
	0.101

	Hepatic encephalopathy
	5 ( 1.6)
	4 ( 1.9)
	1 ( 1.1)
	1

	Post‑splenectomy
	42 (13.6)
	34 (15.7)
	8 ( 8.7)
	0.142

	Treatment, n(%)
	
	
	
	

	Endoscopic therapy
	47 (15.3)
	31 (14.4)
	16 (17.4)
	0.613

	Surgery
	59 (19.2)
	43 (19.9)
	16 (17.4)
	0.722

	Imaging findings
	
	
	
	

	Portal vein diameter, mm, median (IQR)
	14 [12, 16]
	14 [12, 16]
	13 [11,16]
	0.294

	Spleen thickness, cm, median (IQR)
	5.6 [4.8, 6.5]
	5.6 [4.8, 6.5]
	5.5 [4.7, 6.3]
	0.542

	Spleen length, cm, median (IQR)
	14.7
[12.5, 16.5]
	14.7
[12.5, 16.5]
	14.8
[12.6, 16.2]
	0.975

	Ascites, n(%)
	
	
	
	0.696

	Absent
	126 (40.9)
	89 (41.2)
	37 (40.2)
	

	Present
	182 (59.1)
	127 (58.8)
	55 (59.8)
	

	Laboratory parameters, median (IQR)
	
	
	
	

	ALT, U/L
	21.0 [14.0, 33.0]
	21.0 [14.0, 32.2]
	21.0 [14.0, 34.0]
	0.928

	AST, U/L
	29.0 [21.0, 41.0]
	28.5 [21.0, 40.2]
	31.5 [21.0, 42.0]
	0.638

	ALB, g/L
	33.2 [28.5, 36.8]
	33.2 [28.4, 37.2]
	32.8 [28.6, 35.2]
	0.494

	TBIL, µmol/L
	18.3 [12.7, 31.1]
	18.3 [12.3, 30.1]
	18.4 [14.3, 35.5]
	0.329

	Albumin‑to-bilirubin ratio
	1.8 [1.0, 2.6]
	1.8 [1.1, 2.7]
	1.7 [0.9, 2.5]
	0.327

	Scr, µmol/L
	59.0 [46.0, 71.0]
	58.0 [46.0, 70.2]
	60.0 [47.0, 71.0]
	0.671

	BUN, mmol/L
	6.1 [4.6, 8.1]
	6.0 [4.7, 7.9]
	6.6 [4.6, 8.5]
	0.232

	Na, mmol/L
	139.2
[136.6, 141.0]
	139.2
[136.6, 141.1]
	139.1
[136.6, 140.6]
	0.59

	PT, seconds
	13.6 [12.6, 16.0]
	13.7 [12.6, 16.0]
	13.5 [12.6, 16.0]
	0.914

	INR
	1.2 [1.1, 1.4]
	1.2 [1.1, 1.4]
	1.2 [1.1, 1.5]
	0.909

	FIB, g/L
	1.6 [1.1, 2.1]
	1.6 [1.1, 2.0]
	1.5 [1.1, 2.1]
	0.848

	PLT, K/µL
	67.5
[47.0, 111.0]
	66.0
[48.0, 110.0]
	70.0
[43.0, 112.0]
	0.854

	HB, g/L
	82.0 [71.0, 95.0]
	82.0 [71.0, 95.0]
	80.0 [71.8, 94.2]
	0.658

	NE, K/µL
	2.4 [1.5, 3.9]
	2.4 [1.6, 3.9]
	2.3 [1.4, 3.9]
	0.794

	LY, K/µL
	0.7 [0.5, 1.0]
	0.7 [0.5, 1.0]
	0.7 [0.4, 1.1]
	0.783

	RDW, %
	16.0 [14.6, 18.1]
	16.1 [14.6, 18.1]
	15.9 [14.6, 17.3]
	0.414

	NLR
	3.5 [2.2, 5.4]
	3.5 [2.2, 5.4]
	3.5 [2.2, 5.3]
	0.764

	Clinical scores
	
	
	
	

	PALBI score, median (IQR)
	−2.25
[−2.53, −1.95]
	−2.32
[−2.59, −2.11]
	−2.03
[−2.36, −1.68]
	<.001

	CTP, n(%)
	
	
	
	0.759

	A
	47 (15.3)
	31 (14.4)
	16 (17.4)
	

	B
	224 (72.7)
	158 (73.1)
	66 (71.7)
	

	C
	37 (12.0)
	27 (12.5)
	10 (10.9)
	

	PALBI grade, n(%)
	
	
	
	0.416

	Grade 1
	198 (64.3)
	143 (66.2)
	55 (59.8)
	

	Grade 2
	51 (16.6)
	32 (14.8)
	19 (20.7)
	

	Grade 3
	59 (19.2)
	41 (19.0)
	18 (19.6)
	

	AIMS65 score, n(%)
	
	
	
	1

	Low risk
	254 (82.5)
	178 (82.4)
	76 (82.6)
	

	High risk
	54 (17.5)
	38 (17.6)
	16 (17.4)
	


Abbreviations: IQR, Interquartile Range ALT (Alanine aminotransferase, U/L), AST (Aspartate aminotransferase, U/L), ALB (Albumin, g/L), TBIL (Total bilirubin, µmol/L), Scr (Serum creatinine, µmol/L), BUN (Blood urea nitrogen, mmol/L), Na (Serum sodium, mmol/L), PT (Prothrombin time, seconds), INR (International normalized ratio), FIB (Fibrinogen, g/L), PLT (Platelet count, K/µL), Hb (Hemoglobin, g/L), NE (Neutrophil, K/µL), LY (Lymphocyte, K/µL), RDW (Red cell distribution width, %), NLR (Neutrophil lymphocyte ratio). CTP(Child‑Turcotte‑Pugh classification).


Table 2: Comparison of baseline characteristics between rebleeding and non-rebleeding groups
	[bookmark: OLE_LINK1]Variables
	Total
[n = 308]
	No Rebleeding Group
[n = 190]
	Rebleeding Group
[n = 118]
	P value

	Demographics
	
	
	
	

	Age, median [IQR]
	54.00 [45.75, 64.00]
	54.00 [46.00, 64.00]
	53.00 [44.25, 64.00]
	0.205

	Female, n(%)
	73 (23.70%)
	46 (24.21%)
	27 (22.88%)
	0.790

	Comorbidities, n(%)
	
	
	
	

	Hypertension
	32 (10.42)
	21 (11.05)
	11 (9.40)
	0.646

	Diabetes mellitus
	38 (12.38)
	24 (12.63)
	14 (11.97)
	0.863

	Smoking history
	86 (27.92)
	52 (27.37)
	34 (28.81)
	0.783

	Alcohol history
	82 (26.62)
	52 (27.37)
	30 (25.42)
	0.707

	Hepatitis B
	184 (59.74)
	113 (59.47)
	71 (60.17)
	0.904

	Hepatic encephalopathy
	5 (1.62)
	1 (0.53)
	4 (3.39)
	0.142

	Post‑splenectomy
	42 (13.64)
	32 (16.84)
	10 (8.47)
	0.037

	Treatment, n(%)
	
	
	
	

	Endoscopic therapy
	47 (15.26)
	30 (15.79)
	17 (14.41)
	0.743

	Surgery
	59 (19.16)
	50 (26.32)
	9 (7.63)
	<.001

	Imaging findings
	
	
	
	

	Portal vein diameter, mm, median [IQR]
	13.7 [11.6, 16.2]
	12.4 [10.9, 14.1]
	16.2 [14.5, 17.6]
	<.001

	Spleen thickness, cm, median [IQR]
	5.56 [4.80, 6.46]
	5.28 [4.39, 5.78]
	6.18 [5.53, 6.88]
	<.001

	Spleen length, cm, median [IQR]
	14.70 [12.50, 16.47]
	13.96 [11.62, 15.50]
	16.16 [14.46, 17.63]
	<.001

	Ascites, n (%]
	
	
	
	<.001

	Absent
	126 (40.91)
	106 (55.79)
	20 (16.95)
	

	Present
	182 (59.09)
	84 (44.21)
	98 (83.05)
	

	Laboratory parameters, median [IQR]
	
	
	
	

	ALT, U/L
	21.00 [14.00, 33.00]
	21.00 [14.00, 33.00]
	21.00 [14.00, 32.00]
	0.957

	AST, U/L
	29.00 [21.00, 41.00]
	28.00 [20.00, 39.00]
	31.00 [22.00, 44.00]
	0.088

	ALB, g/L
	33.20 [28.48, 36.82]
	34.00 [29.95, 37.98]
	31.05 [27.05, 34.75]
	<.001

	TBIL, µmol/L
	18.30 [12.70, 31.10]
	16.50 [11.05, 25.23]
	26.05 [15.03, 52.05]
	<.001

	Albumin‑to-bilirubin ratio
	1.77 [1.00, 2.57]
	2.10 [1.36, 2.92]
	1.23 [0.53, 2.07]
	<.001

	Scr, µmol/L
	59.00 [46.00, 71.00]
	57.00 [46.00, 71.00]
	60.50 [46.00, 71.00]
	0.628

	BUN, mmol/L
	6.10 [4.69, 8.10]
	5.88 [4.52, 7.70]
	6.60 [5.01, 8.62]
	0.014

	Na, mmol/L
	139.20[136.60,141.00]
	139.50[136.90, 141.30]
	138.95[135.93, 140.67]
	0.021

	PT, seconds
	13.60 [12.60, 16.00]
	13.20 [12.30, 14.28]
	15.20 [13.40, 17.88]
	<.001

	INR
	1.23 [1.11, 1.44]
	1.17 [1.10, 1.29]
	1.35 [1.18, 1.64]
	<.001

	FIB, g/L
	1.58 [1.14, 2.06]
	1.75 [1.29, 2.33]
	1.32 [1.06, 1.78]
	<.001

	PLT, K/µL
	67.50 [47.00, 111.00]
	76.50 [52.25, 129.50]
	58.00 [40.25, 96.50]
	<.001

	HB, g/L
	82.00 [71.00, 94.50]
	82.50 [73.00, 94.75]
	80.00 [68.00, 94.00]
	0.135

	NE, K/µL
	2.35 [1.52, 3.94]
	2.42 [1.56, 4.05]
	2.21 [1.48, 3.48]
	0.354

	LY, K/µL
	0.70 [0.50, 1.00]
	0.70 [0.50, 1.00]
	0.70 [0.43, 1.00]
	0.344

	RDW, %
	16.00 [14.60, 18.10]
	15.75 [14.50, 17.58]
	16.80 [14.85, 18.40]
	0.023

	NLR
	3.51 [2.16, 5.39]
	3.52 [2.11, 6.03]
	3.48 [2.25, 5.05]
	0.972

	Clinical scores
	
	
	
	

	PALBI score, median [IQR]
	−2.25 [−2.53, −1.95]
	−2.32 [−2.59, −2.11]
	−2.03 [−2.36, −1.68]
	<.001

	CTP, n (%]
	
	
	
	<.001

	A
	47 (15.26)
	42 (22.11)
	5 (4.24)
	

	B
	224 (72.73)
	141 (74.21)
	83 (70.34)
	

	C
	37 (12.01)
	7 (3.68)
	30 (25.42)
	

	PALBI grade, n (%)
	
	
	
	<.001

	Grade 1
	198 (64.29)
	146 (76.84)
	52 (44.07)
	

	Grade 2
	51 (16.56)
	27 (14.21)
	24 (20.34)
	

	Grade 3
	59 (19.16)
	17 (8.95)
	42 (35.59)
	

	AIMS65 score, n (%)
	
	
	
	<.001

	Low risk
	254 (82.47)
	172 (90.53)
	82 (69.49)
	

	High risk
	54 (17.53)
	18 (9.47)
	36 (30.51)
	



TABLE 3. Comparison of the Performance of Different Models in the Training Set and Validation Set
	Data Set
	ML
	AUC (95% CI)
	Sensitivity
	Speciﬁcity
	Accuracy
	Precision

	Training set
	LR
	0.899(0.852-0.945)
	0.8395
	0.8519
	0.8472
	0.7727

	
	SVM
	0.923(0.884-0.963)
	0.8395
	0.8963
	0.8750
	0.8293

	
	RF
	0.855(0.797-0.913)
	0.8025
	0.8519
	0.8333
	0.7647

	
	GBM
	0.915(0.872-0.958)
	0.7778
	0.9481
	0.8843
	0.9000

	
	XGBoost
	0.929(0.892-0.965)
	0.8272
	0.9111
	0.8796
	0.8481

	Validation set
	LR
	0.844(0.768-0.921)
	0.9189
	0.6182
	0.7391
	0.6182

	
	SVM
	0.847(0.768-0.926)
	1.0000
	0.6364
	0.7826
	0.6491

	
	RF
	0.848(0.768-0.928)
	0.9189
	0.7091
	0.7935
	0.6800

	
	GBM
	0.853(0.777-0.929)
	0.8108
	0.7818
	0.7935
	0.7143

	
	XGBoost
	0.855(0.78-0.929)
	0.8919
	0.7091
	0.7826
	0.6735

	AUC indicates area under the curve; GBM, gradient boosting machine; LR, logistic regression; ML, machine learning; RF, random forest; SVM, support vector machine; XGBoost, extreme gradient boosting.




Table 4:Calibration performance (Brier score) of different machine learning models
	Data Set
	LR
	SVM
	RF
	GBM
	XGBoost

	Train set
	0.116 
	0.100 
	0.135 
	0.106 
	0.097 

	Validation set
	0.169 
	0.184 
	0.167 
	0.160 
	0.165 

	

	
	
	
	
	



