Supplementary Table 1: Patient demographics and baseline characteristics compared between training and validation cohort.
	Characteristic
	Cohort
	p-value

	
	Overall 
N = 602
	Training Cohort 
N = 421
	Validation Cohort 
N = 181
	

	Gender
	
	
	
	0.146

	Female
	253 (42.0%)
	185 (43.9%)
	68 (37.6%)
	

	Male
	349 (58.0%)
	236 (56.1%)
	113 (62.4%)
	

	Age
	
	
	
	0.471

	Median (IQR)
	65 (56, 73)
	66 (56, 72)
	64 (55, 73)
	

	Location
	
	
	
	0.895

	Non-distal
	131 (21.8%)
	91 (21.6%)
	40 (22.1%)
	

	Distal
	471 (78.2%)
	330 (78.4%)
	141 (77.9%)
	

	BMI
	
	
	
	0.120

	Mean ± SD
	22.66 ± 3.05
	22.53 ± 3.00
	22.97 ± 3.16
	

	Pain
	
	
	
	0.750

	No
	262 (43.5%)
	185 (43.9%)
	77 (42.5%)
	

	Yes
	340 (56.5%)
	236 (56.1%)
	104 (57.5%)
	

	Fever
	
	
	
	0.874

	No
	511 (84.9%)
	358 (85.0%)
	153 (84.5%)
	

	Yes
	91 (15.1%)
	63 (15.0%)
	28 (15.5%)
	

	Jaundice
	
	
	
	0.075

	No
	286 (47.5%)
	210 (49.9%)
	76 (42.0%)
	

	Yes
	316 (52.5%)
	211 (50.1%)
	105 (58.0%)
	

	Vomit
	
	
	
	0.968

	No
	526 (87.4%)
	368 (87.4%)
	158 (87.3%)
	

	Yes
	76 (12.6%)
	53 (12.6%)
	23 (12.7%)
	

	Itch
	
	
	
	0.988

	No
	512 (85.0%)
	358 (85.0%)
	154 (85.1%)
	

	Yes
	90 (15.0%)
	63 (15.0%)
	27 (14.9%)
	

	Weightloss
	
	
	
	0.428

	No
	446 (74.1%)
	308 (73.2%)
	138 (76.2%)
	

	Yes
	156 (25.9%)
	113 (26.8%)
	43 (23.8%)
	

	Hypertension
	
	
	
	0.758

	No
	388 (64.5%)
	273 (64.8%)
	115 (63.5%)
	

	Yes
	214 (35.5%)
	148 (35.2%)
	66 (36.5%)
	

	Diabetes
	
	
	
	0.253

	No
	503 (83.6%)
	347 (82.4%)
	156 (86.2%)
	

	Yes
	99 (16.4%)
	74 (17.6%)
	25 (13.8%)
	

	Smoking
	
	
	
	0.203

	No
	437 (72.6%)
	312 (74.1%)
	125 (69.1%)
	

	Yes
	165 (27.4%)
	109 (25.9%)
	56 (30.9%)
	

	Drinking
	
	
	
	0.883

	No
	458 (76.1%)
	321 (76.2%)
	137 (75.7%)
	

	Yes
	144 (23.9%)
	100 (23.8%)
	44 (24.3%)
	

	Cholecystectomy
	
	
	
	0.705

	No
	463 (76.9%)
	322 (76.5%)
	141 (77.9%)
	

	Yes
	139 (23.1%)
	99 (23.5%)
	40 (22.1%)
	

	Cancer
	
	
	
	0.480

	No
	555 (92.2%)
	386 (91.7%)
	169 (93.4%)
	

	Yes
	47 (7.8%)
	35 (8.3%)
	12 (6.6%)
	

	ALT
	
	
	
	0.658

	Median (IQR)
	80 (31, 165)
	79 (30, 165)
	88 (35, 163)
	

	AST
	
	
	
	0.244

	Median (IQR)
	64 (29, 128)
	62 (29, 128)
	72 (34, 128)
	

	ALP
	
	
	
	0.605

	Median (IQR)
	304 (123, 490)
	303 (116, 488)
	316 (140, 502)
	

	GGT
	
	
	
	0.963

	Median (IQR)
	329 (99, 696)
	328 (93, 694)
	331 (111, 712)
	

	LDH
	
	
	
	0.395

	Median (IQR)
	205 (171, 246)
	204 (171, 246)
	208 (174, 247)
	

	TB
	
	
	
	0.191

	Median (IQR)
	38 (15, 139)
	35 (15, 121)
	50 (16, 164)
	

	DB
	
	
	
	0.281

	Median (IQR)
	23 (6, 100)
	21 (6, 86)
	35 (7, 112)
	

	IB
	
	
	
	0.260

	Median (IQR)
	15 (8, 43)
	14 (8, 42)
	18 (9, 43)
	

	TC
	
	
	
	0.788

	Median (IQR)
	4.61 (3.88, 5.58)
	4.60 (3.89, 5.56)
	4.61 (3.88, 5.86)
	

	TG
	
	
	
	0.279

	Median (IQR)
	1.53 (1.08, 2.41)
	1.52 (1.07, 2.40)
	1.65 (1.09, 2.48)
	

	LDL
	
	
	
	0.681

	Median (IQR)
	2.97 (2.39, 3.86)
	2.96 (2.42, 3.82)
	2.99 (2.35, 3.91)
	

	HDL
	
	
	
	0.273

	Median (IQR)
	0.94 (0.69, 1.21)
	0.95 (0.69, 1.20)
	0.91 (0.66, 1.21)
	

	HLP
	
	
	
	0.510

	No
	265 (44.0%)
	189 (44.9%)
	76 (42.0%)
	

	Yes
	337 (56.0%)
	232 (55.1%)
	105 (58.0%)
	

	Albumin
	
	
	
	0.257

	Median (IQR)
	36.2 (33.1, 39.4)
	36.4 (33.2, 39.4)
	35.8 (32.4, 39.5)
	

	Glu
	
	
	
	0.478

	Median (IQR)
	5.11 (4.54, 6.07)
	5.10 (4.56, 6.11)
	5.12 (4.48, 5.97)
	

	Ca
	
	
	
	0.371

	Median (IQR)
	2.22 (2.15, 2.31)
	2.23 (2.15, 2.31)
	2.22 (2.14, 2.32)
	

	P
	
	
	
	0.622

	Mean ± SD
	1.07 ± 0.24
	1.07 ± 0.24
	1.06 ± 0.23
	

	Na
	
	
	
	0.927

	Median (IQR)
	139.8 (137.5, 141.6)
	139.8 (137.5, 141.6)
	139.7 (137.5, 141.5)
	

	Mg
	
	
	
	0.825

	Median (IQR)
	0.87 (0.81, 0.92)
	0.87 (0.81, 0.92)
	0.87 (0.81, 0.92)
	

	K
	
	
	
	0.729

	Mean ± SD
	3.73 ± 0.43
	3.74 ± 0.43
	3.73 ± 0.43
	

	ALBI
	
	
	
	0.240

	Median (IQR)
	-2.03 (-2.49, -1.51)
	-2.09 (-2.48, -1.55)
	-1.87 (-2.52, -1.40)
	

	AFP
	
	
	
	0.819

	Median (IQR)
	2.74 (1.85, 3.79)
	2.75 (1.84, 3.86)
	2.71 (1.88, 3.59)
	

	CEA
	
	
	
	0.335

	Median (IQR)
	2.5 (1.7, 4.0)
	2.5 (1.7, 4.2)
	2.5 (1.7, 3.6)
	

	CA199
	
	
	
	0.833

	Median (IQR)
	40 (13, 182)
	40 (12, 208)
	43 (15, 148)
	

	WBC
	
	
	
	0.804

	Median (IQR)
	5.75 (4.56, 7.18)
	5.73 (4.57, 7.10)
	5.88 (4.55, 7.27)
	

	LYM
	
	
	
	0.248

	Median (IQR)
	1.23 (0.86, 1.62)
	1.23 (0.83, 1.63)
	1.22 (0.93, 1.60)
	

	MONO
	
	
	
	0.169

	Median (IQR)
	0.48 (0.36, 0.60)
	0.47 (0.36, 0.59)
	0.50 (0.37, 0.63)
	

	HB
	
	
	
	0.939

	Median (IQR)
	121 (109, 133)
	121 (110, 133)
	121 (108, 133)
	

	PLT
	
	
	
	0.083

	Median (IQR)
	197 (153, 251)
	194 (152, 247)
	212 (158, 253)
	

	PT
	
	
	
	0.309

	Median (IQR)
	12.00 (11.50, 12.80)
	12.00 (11.50, 12.80)
	12.10 (11.50, 12.80)
	

	INR
	
	
	
	0.358

	Median (IQR)
	1.05 (1.00, 1.12)
	1.04 (1.00, 1.12)
	1.06 (1.00, 1.12)
	

	APTT
	
	
	
	0.051

	Median (IQR)
	27.50 (26.10, 29.10)
	27.40 (26.00, 29.00)
	27.80 (26.50, 29.50)
	

	FIB
	
	
	
	0.953

	Median (IQR)
	3.40 (2.69, 4.32)
	3.38 (2.70, 4.33)
	3.42 (2.66, 4.27)
	

	TT
	
	
	
	0.190

	Median (IQR)
	17.20 (16.60, 18.00)
	17.20 (16.50, 18.00)
	17.30 (16.70, 18.10)
	

	DD
	
	
	
	0.652

	Median (IQR)
	0.48 (0.28, 0.91)
	0.48 (0.28, 0.90)
	0.46 (0.28, 0.91)
	

	Image
	
	
	
	0.800

	Benign
	88 (14.6%)
	59 (14.0%)
	29 (16.0%)
	

	Malignant
	230 (38.2%)
	163 (38.7%)
	67 (37.0%)
	

	Indeterminate/ non-diagnostic
	284 (47.2%)
	199 (47.3%)
	85 (47.0%)
	

	Stone
	
	
	
	0.796

	No
	440 (73.1%)
	309 (73.4%)
	131 (72.4%)
	

	Yes
	162 (26.9%)
	112 (26.6%)
	50 (27.6%)
	

	ERCP
	
	
	
	0.656

	Benign
	108 (18.3%)
	75 (18.0%)
	33 (18.9%)
	

	Malignant
	223 (37.7%)
	153 (36.8%)
	70 (40.0%)
	

	Indeterminate/ non-diagnostic
	260 (44.0%)
	188 (45.2%)
	72 (41.1%)
	

	Pathology
	
	
	
	0.729

	Benign
	198 (35.4%)
	140 (35.7%)
	58 (34.7%)
	

	Malignant
	158 (28.3%)
	107 (27.3%)
	51 (30.5%)
	

	Indeterminate/ non-diagnostic
	203 (36.3%)
	145 (37.0%)
	58 (34.7%)
	

	

	


 
Supplementary Table 2: Patient demographics and baseline characteristics compared between BBS and MBS.
	Characteristics

	Training Cohort
	 Validation Cohort

	
	BBS 
N = 204
	MBS 
N = 217
	p-value
	BBS 
N = 86
	MBS 
N = 95
	p-value

	Gender
	
	
	0.042
	
	
	0.832

	Female
	100 (49%)
	85 (39%)
	
	33 (38%)
	35 (37%)
	

	Male
	104 (51%)
	132 (61%)
	
	53 (62%)
	60 (63%)
	

	Age
	
	
	<0.001
	
	
	0.004

	Median (IQR)
	63 (53, 70)
	67 (60, 74)
	
	60 (52, 71)
	67 (57, 76)
	

	Location
	
	
	0.009
	
	
	0.718

	Non-distal
	33 (16%)
	58 (27%)
	
	18 (21%)
	22 (23%)
	

	Distal
	171 (84%)
	159 (73%)
	
	68 (79%)
	73 (77%)
	

	BMI
	
	
	0.101
	
	
	0.464

	Mean ± SD
	22.78 ± 2.99
	22.30 ± 3.00
	
	23.1 ± 3.1
	22.8 ± 3.2
	

	Pain
	
	
	0.007
	
	
	0.633

	No
	76 (37%)
	109 (50%)
	
	35 (41%)
	42 (44%)
	

	Yes
	128 (63%)
	108 (50%)
	
	51 (59%)
	53 (56%)
	

	Fever
	
	
	0.040
	
	
	0.591

	No
	181 (89%)
	177 (82%)
	
	74 (86%)
	79 (83%)
	

	Yes
	23 (11%)
	40 (18%)
	
	12 (14%)
	16 (17%)
	

	Jaundice
	
	
	<0.001
	
	
	<0.001

	No
	133 (65%)
	77 (35%)
	
	50 (58%)
	26 (27%)
	

	Yes
	71 (35%)
	140 (65%)
	
	36 (42%)
	69 (73%)
	

	Vomit
	
	
	0.031
	
	
	0.632

	No
	171 (84%)
	197 (91%)
	
	74 (86%)
	84 (88%)
	

	Yes
	33 (16%)
	20 (9%)
	
	12 (14%)
	11 (12%)
	

	Itch
	
	
	0.004
	
	
	0.004

	No
	184 (90%)
	174 (80%)
	
	80 (93%)
	74 (78%)
	

	Yes
	20 (10%)
	43 (20%)
	
	6 (7%)
	21 (22%)
	

	Weightloss
	
	
	<0.001
	
	
	0.395

	No
	165 (81%)
	143 (66%)
	
	68 (79%)
	70 (74%)
	

	Yes
	39 (19%)
	74 (34%)
	
	18 (21%)
	25 (26%)
	

	Hypertension
	
	
	0.115
	
	
	0.023

	No
	140 (69%)
	133 (61%)
	
	62 (72%)
	53 (56%)
	

	Yes
	64 (31%)
	84 (39%)
	
	24 (28%)
	42 (44%)
	

	Diabetes
	
	
	0.583
	
	
	0.214

	No
	166 (81%)
	181 (83%)
	
	77 (90%)
	79 (83%)
	

	Yes
	38 (19%)
	36 (17%)
	
	9 (10%)
	16 (17%)
	

	Smoking
	
	
	0.029
	
	
	0.245

	No
	161 (79%)
	151 (70%)
	
	63 (73%)
	62 (65%)
	

	Yes
	43 (21%)
	66 (30%)
	
	23 (27%)
	33 (35%)
	

	Drinking
	
	
	0.004
	
	
	0.175

	No
	168 (82%)
	153 (71%)
	
	69 (80%)
	68 (72%)
	

	Yes
	36 (18%)
	64 (29%)
	
	17 (20%)
	27 (28%)
	

	Cholecystectomy
	
	
	0.003
	
	
	0.032

	No
	143 (70%)
	179 (82%)
	
	61 (71%)
	80 (84%)
	

	Yes
	61 (30%)
	38 (18%)
	
	25 (29%)
	15 (16%)
	

	Cancer
	
	
	0.489
	
	
	0.437

	No
	189 (93%)
	197 (91%)
	
	79 (92%)
	90 (95%)
	

	Yes
	15 (7%)
	20 (9%)
	
	7 (8%)
	5 (5%)
	

	ALT
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	46 (18, 112)
	103 (54, 213)
	
	46 (18, 132)
	105 (65, 178)
	

	AST
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	36 (22, 88)
	90 (47, 162)
	
	50 (22, 105)
	101 (59, 166)
	

	ALP
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	163 (87, 322)
	418 (228, 628)
	
	153 (78, 334)
	426 (276, 626)
	

	GGT
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	204 (31, 445)
	568 (235, 957)
	
	154 (28, 405)
	478 (289, 827)
	

	LDH
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	186 (161, 230)
	220 (184, 255)
	
	188 (166, 226)
	224 (196, 256)
	

	TB
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	20 (13, 46)
	88 (22, 234)
	
	23 (12, 67)
	120 (29, 213)
	

	DB
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	9 (4, 27)
	63 (12, 171)
	
	9 (4, 44)
	79 (17, 150)
	

	IB
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	11 (7, 18)
	29 (10, 71)
	
	12 (8, 23)
	31 (12, 60)
	

	TC
	
	
	<0.001
	
	
	0.659

	Median (IQR)
	4.39 (3.68, 5.14)
	4.92 (4.06, 5.83)
	
	4.61 (3.92, 5.44)
	4.41 (3.87, 6.19)
	

	TG
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	1.33 (1.00, 1.86)
	1.81 (1.18, 2.72)
	
	1.38 (1.03, 2.02)
	2.06 (1.24, 3.15)
	

	LDL
	
	
	<0.001
	
	
	0.087

	Median (IQR)
	2.71 (2.19, 3.42)
	3.30 (2.72, 4.20)
	
	2.91 (2.29, 3.61)
	3.19 (2.40, 4.19)
	

	HDL
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	1.01 (0.81, 1.21)
	0.87 (0.61, 1.20)
	
	1.08 (0.83, 1.33)
	0.75 (0.55, 1.06)
	

	HLP
	
	
	<0.001
	
	
	0.038

	No
	121 (59%)
	68 (31%)
	
	43 (50%)
	33 (35%)
	

	Yes
	83 (41%)
	149 (69%)
	
	43 (50%)
	62 (65%)
	

	Albumin
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	37.6 (34.5, 40.2)
	35.3 (32.3, 38.4)
	
	37.4 (33.9, 40.0)
	34.3 (31.3, 37.5)
	

	Glu
	
	
	0.769
	
	
	0.014

	Median (IQR)
	5.05 (4.54, 6.05)
	5.12 (4.58, 6.14)
	
	4.87 (4.47, 5.63)
	5.43 (4.60, 6.09)
	

	Ca
	
	
	0.977
	
	
	0.022

	Median (IQR)
	2.23 (2.17, 2.30)
	2.23 (2.14, 2.32)
	
	2.24 (2.16, 2.33)
	2.20 (2.13, 2.29)
	

	P
	
	
	0.004
	
	
	0.009

	Mean ± SD
	1.11 ± 0.22
	1.04 ± 0.26
	
	1.11 ± 0.22
	1.02 ± 0.23
	

	Na
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	140.3 (138.8, 141.9)
	139.0 (136.5, 141.1)
	
	140.7 (138.4, 142.3)
	138.9 (136.8, 140.9)
	

	Mg
	
	
	<0.001
	
	
	0.253

	Median (IQR)
	0.85 (0.79, 0.91)
	0.88 (0.83, 0.93)
	
	0.86 (0.81, 0.91)
	0.88 (0.81, 0.93)
	

	K
	
	
	0.459
	
	
	0.101

	Mean ± SD
	3.75 ± 0.45
	3.72 ± 0.41
	
	3.78 ± 0.41
	3.67 ± 0.45
	

	ALBI
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	-2.32 (-2.59, -1.94)
	-1.75 (-2.29, -1.23)
	
	-2.27 (-2.64, -1.79)
	-1.64 (-2.15, -1.23)
	

	AFP
	
	
	0.004
	
	
	0.030

	Median (IQR)
	2.45 (1.82, 3.51)
	2.91 (2.01, 4.29)
	
	2.35 (1.67, 3.51)
	2.83 (2.22, 3.78)
	

	CEA
	
	
	<0.001
	
	
	0.022

	Median (IQR)
	2.2 (1.4, 3.2)
	3.0 (2.1, 6.0)
	
	2.22 (1.53, 3.22)
	2.61 (1.93, 3.92)
	

	CA199
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	19 (9, 58)
	114 (22, 712)
	
	26 (9, 78)
	71 (23, 208)
	

	WBC
	
	
	0.018
	
	
	0.315

	Median (IQR)
	5.61 (4.42, 6.79)
	5.84 (4.77, 7.43)
	
	5.73 (4.50, 6.72)
	5.97 (4.76, 7.56)
	

	LYM
	
	
	<0.001
	
	
	0.001

	Median (IQR)
	1.32 (0.96, 1.76)
	1.09 (0.75, 1.47)
	
	1.47 (1.05, 1.76)
	1.12 (0.90, 1.44)
	

	MONO
	
	
	<0.001
	
	
	0.117

	Median (IQR)
	0.44 (0.34, 0.54)
	0.51 (0.39, 0.63)
	
	0.48 (0.34, 0.61)
	0.51 (0.40, 0.65)
	

	HB
	
	
	0.035
	
	
	0.001

	Median (IQR)
	124 (111, 134)
	120 (108, 131)
	
	125 (113, 135)
	116 (104, 132)
	

	PLT
	
	
	0.002
	
	
	0.013

	Median (IQR)
	185 (142, 227)
	203 (160, 261)
	
	189 (141, 240)
	227 (177, 264)
	

	PT
	
	
	0.227
	
	
	0.298

	Median (IQR)
	11.90 (11.50, 12.60)
	12.00 (11.50, 12.90)
	
	12.10 (11.50, 12.60)
	12.30 (11.30, 13.45)
	

	INR
	
	
	0.169
	
	
	0.319

	Median (IQR)
	1.04 (1.00, 1.10)
	1.05 (1.00, 1.13)
	
	1.05 (1.00, 1.10)
	1.07 (0.98, 1.19)
	

	APTT
	
	
	0.831
	
	
	0.830

	Median (IQR)
	27.50 (26.00, 29.10)
	27.30 (25.90, 29.00)
	
	27.85 (26.50, 29.58)
	27.70 (26.40, 29.30)
	

	FIB
	
	
	<0.001
	
	
	<0.001

	Median (IQR)
	3.12 (2.46, 3.98)
	3.75 (2.97, 4.55)
	
	3.15 (2.41, 3.91)
	3.65 (3.05, 4.42)
	

	TT
	
	
	0.218
	
	
	0.568

	Median (IQR)
	17.10 (16.50, 17.90)
	17.30 (16.60, 18.10)
	
	17.19 (16.70, 18.10)
	17.30 (16.80, 18.05)
	

	DD
	
	
	<0.001
	
	
	0.052

	Median (IQR)
	0.39 (0.26, 0.80)
	0.56 (0.35, 1.13)
	
	0.39 (0.20, 0.89)
	0.57 (0.31, 1.03)
	

	Image
	
	
	<0.001
	
	
	<0.001

	Benign
	50 (25%)
	9 (4%)
	
	20 (23%)
	9 (9%)
	

	Malignant
	33 (16%)
	130 (60%)
	
	12 (14%)
	55 (58%)
	

	Indeterminate/ non-diagnostic
	121 (59%)
	78 (36%)
	
	54 (63%)
	31 (33%)
	

	Stone
	
	
	<0.001
	
	
	<0.001

	No
	119 (58%)
	190 (88%)
	
	45 (52%)
	86 (91%)
	

	Yes
	85 (42%)
	27 (12%)
	
	41 (48%)
	9 (9%)
	

	ERCP
	
	
	<0.001
	
	
	<0.001

	Benign
	66 (33%)
	9 (4%)
	
	31 (38%)
	2 (2%)
	

	Malignant
	14 (7%)
	139 (65%)
	
	7 (9%)
	63 (67%)
	

	Indeterminate/ non-diagnostic
	121 (60%)
	67 (31%)
	
	43 (53%)
	29 (31%)
	

	Pathology
	
	
	<0.001
	
	
	<0.001

	Benign
	122 (67%)
	18 (9%)
	
	50 (67%)
	8 (9%)
	

	Malignant
	0 (0%)
	107 (51%)
	
	0 (0%)
	51 (55%)
	

	Indeterminate/ non-diagnostic
	60 (33%)
	85 (40%)
	
	25 (33%)
	33 (36%)
	

	

	



