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Figure S1 Flowchart of the study. This study only included patients who were pathologically diagnosed with GBC and underwent R0 resection (with negative microscopic margins) aimed at radical cure. Exclusion criteria included those who received neoadjuvant therapy, those who underwent palliative surgery (R1/R2 resection), those who died during the perioperative period (within 30 days after surgery), and those who were lost to follow-up. Among the 693 patients initially screened from the four centers, 172 were excluded, and a total of 521 patients were finally included.








Table S1. Statistics and Handling Methods for Missing Data in Key Variables
	Variable Category
	Variable Name
	Total (n=521)
	Missing (n)
	Missing Rate (%)

	Preoperative Laboratory Examinations
	Carcinoembryonic Antigen (CEA)
	521
	12
	2.30%

	
	Carbohydrate Antigen 19-9 (CA19-9)
	521
	25
	4.80%

	
	Indirect Bilirubin
	521
	8
	1.50%

	
	Alpha-fetoprotein (AFP)
	521
	30
	5.80%

	Postoperative Pathological Features
	T Stage
	521
	0
	0%

	
	N Stage
	521
	0
	0%

	
	Differentiation Grade
	521
	5
	1.00%

	
	Vascular Invasion
	521
	15
	2.90%

	
	Perineural Invasion
	521
	18
	3.50%

	Demographics
	Age
	521
	0
	0%

	
	Sex
	521
	0
	0%














Table S2. Comparison of Baseline Data between Training Set and Validation Set
	
	Training set
	Validation set
	P

	n
	358
	163
	

	male (%)
	  122 (34.1) 
	   59 (36.2) 
	0.71

	Age (mean (SD))
	64.56 (10.29)
	63.16 (11.07)
	0.162

	Jaundice (%)
	   39 (10.9) 
	   14 ( 8.6) 
	0.515

	Indirect Bilirubin (mean (SD))
	15.84 (26.26)
	11.45 (20.98)
	0.061

	Lesion Ultrasound Echogenicity (%)
	  
	  
	0.051

	Hypoechoic
	  143 (39.9) 
	   73 (44.8) 
	

	Mixed echogenicity
	    7 ( 2.0) 
	    4 ( 2.5) 
	

	Isoechoic
	  103 (28.8) 
	   71 (43.6) 
	

	No lesion detected
	  103 (28.8) 
	   15 ( 9.2) 
	

	Hyperechoic
	    2 ( 0.6) 
	    0 ( 0.0) 
	

	Diabetes Mellitus (%)
	    1 ( 0.3) 
	    0 ( 0.0) 
	1

	Smoking (%)
	   45 (12.6) 
	   23 (14.1) 
	0.731

	Number of Masses (%)
	  
	  
	0.062

	1
	  175 (48.9) 
	  100 (61.3) 
	

	2
	   47 (13.1) 
	   31 (19.0) 
	

	3
	  136 (38.0) 
	   32 (19.6) 
	

	Gallbladder Adenomyomatosis (%)
	    1 ( 0.3) 
	    0 ( 0.0) 
	1

	Gallstones / Cholelithiasis (%)
	  209 (58.4) 
	   90 (55.2) 
	0.561

	Biliary Tract Infection (%)
	    5 ( 1.4) 
	    0 ( 0.0) 
	0.302

	Alpha-fetoprotein (AFP) (mean (SD))
	42.57 (482.10)
	 4.70 (12.51)
	0.317

	Carcinoembryonic Antigen (CEA) (mean (SD))
	25.87 (244.86)
	 7.02 (23.04)
	0.327

	T Stage (%)
	  
	  
	0.091

	0
	   10 ( 2.8) 
	   10 ( 6.1) 
	

	1
	   62 (17.3) 
	   23 (14.1) 
	

	2
	  164 (45.8) 
	   82 (50.3) 
	

	3
	   92 (25.7) 
	   42 (25.8) 
	

	4
	   30 ( 8.4) 
	    6 ( 3.7) 
	

	N Stage (%)
	  
	  
	0.494

	0
	  205 (57.3) 
	   98 (60.1) 
	

	1
	   74 (20.7) 
	   34 (20.9) 
	

	2
	   32 ( 8.9) 
	   17 (10.4) 
	

	3
	   47 (13.1) 
	   14 ( 8.6) 
	

	Differentiation (%)
	  
	  
	0.337

	Poorly differentiated
	   70 (19.6) 
	   34 (20.9) 
	

	Moderately to Poorly differentiated
	  108 (30.2) 
	   45 (27.6) 
	

	Moderately differentiated
	  111 (31.0) 
	   59 (36.2) 
	

	Well differentiated
	   37 (10.3) 
	   10 ( 6.1) 
	

	Well to Moderately differentiated
	   24 ( 6.7) 
	    8 ( 4.9) 
	

	Undifferentiated
	    8 ( 2.2) 
	    7 ( 4.3) 
	

	Vascular Invasion (%)
	   64 (17.9) 
	   29 (17.8) 
	1

	Perineural Invasion (%)
	   77 (21.5) 
	   41 (25.2) 
	0.419

	Metastasis (excluding lymph node metastasis) (%)
	  
	  
	0.923

	Intrahepatic metastasis
	   31 ( 8.7) 
	   15 ( 9.2) 
	

	Extrahepatic metastasis
	    4 ( 1.1) 
	    1 ( 0.6) 
	

	Intrahepatic and extrahepatic
	    6 ( 1.7) 
	    2 ( 1.2) 
	

	No metastasis
	  317 (88.5) 
	  145 (89.0) 
	


























Table S3 Comparison of Baseline Data at Four Centers
	
	Center 1
	Center 2
	Center 3
	Center 4
	P

	n
	358
	118
	34
	11
	

	male (%)
	  122 (34.1) 
	   40 (33.9) 
	   14 (41.2) 
	    5 (45.5) 
	0.733

	Age (mean (SD))
	64.56 (10.29)
	63.49 (10.51)
	62.35 (12.31)
	62.09 (13.79)
	0.497

	Jaundice (%)
	   39 (10.9) 
	    9 ( 7.6) 
	    3 ( 8.8) 
	    2 (18.2) 
	0.598

	Indirect Bilirubin (mean (SD))
	15.84 (26.26)
	10.62 (21.33)
	14.06 (22.02)
	12.35 (13.03)
	0.259

	Lesion Ultrasound Echogenicity (%)
	  
	  
	   
	    
	0.031

	Hypoechoic
	  143 (39.9) 
	   56 (47.5) 
	   12 (35.3) 
	    5 (45.5) 
	

	Mixed echogenicity
	    7 ( 2.0) 
	    4 ( 3.4) 
	    0 ( 0.0) 
	    0 ( 0.0) 
	

	Isoechoic
	  103 (28.8) 
	   47 (39.8) 
	   21 (61.8) 
	    3 (27.3) 
	

	No lesion detected
	  103 (28.8) 
	   11 ( 9.3) 
	    1 ( 2.9) 
	    3 (27.3) 
	

	Hyperechoic
	    2 ( 0.6) 
	    0 ( 0.0) 
	    0 ( 0.0) 
	    0 ( 0.0) 
	

	Diabetes Mellitus (%)
	    1 ( 0.3) 
	    0 ( 0.0) 
	    0 ( 0.0) 
	    0 ( 0.0) 
	0.928

	Smoking (%)
	   45 (12.6) 
	   18 (15.3) 
	    4 (11.8) 
	    1 ( 9.1) 
	0.854

	Number of Masses (%)
	  
	  
	   
	    
	0.042

	1
	  175 (48.9) 
	   68 (57.6) 
	   24 (70.6) 
	    8 (72.7) 
	

	2
	   47 (13.1) 
	   23 (19.5) 
	    8 (23.5) 
	    0 ( 0.0) 
	

	3
	  136 (38.0) 
	   27 (22.9) 
	    2 ( 5.9) 
	    3 (27.3) 
	

	Gallbladder Adenomyomatosis (%)
	    1 ( 0.3) 
	    0 ( 0.0) 
	    0 ( 0.0) 
	    0 ( 0.0) 
	0.928

	Gallstones / Cholelithiasis (%)
	  209 (58.4) 
	   63 (53.4) 
	   20 (58.8) 
	    7 (63.6) 
	0.772

	Biliary Tract Infection (%)
	    5 ( 1.4) 
	    0 ( 0.0) 
	    0 ( 0.0) 
	    0 ( 0.0) 
	0.513

	Alpha-fetoprotein (AFP) (mean (SD))
	42.57 (482.10)
	 5.03 (14.14)
	 4.14 (7.55)
	 2.82 (1.01)
	0.801

	Carcinoembryonic Antigen (CEA) (mean (SD))
	25.87 (244.86)
	 7.75 (26.65)
	 5.31 (8.67)
	 4.42 (4.29)
	0.81

	T Stage (%)
	  
	  
	   
	    
	0.506

	0
	   10 ( 2.8) 
	    6 ( 5.1) 
	    3 ( 8.8) 
	    1 ( 9.1) 
	

	1
	   62 (17.3) 
	   15 (12.7) 
	    6 (17.6) 
	    2 (18.2) 
	

	2
	  164 (45.8) 
	   62 (52.5) 
	   14 (41.2) 
	    6 (54.5) 
	

	3
	   92 (25.7) 
	   31 (26.3) 
	    9 (26.5) 
	    2 (18.2) 
	

	4
	   30 ( 8.4) 
	    4 ( 3.4) 
	    2 ( 5.9) 
	    0 ( 0.0) 
	

	N Stage (%)
	  
	  
	   
	    
	0.283

	0
	  205 (57.3) 
	   66 (55.9) 
	   25 (73.5) 
	    7 (63.6) 
	

	1
	   74 (20.7) 
	   24 (20.3) 
	    8 (23.5) 
	    2 (18.2) 
	

	2
	   32 ( 8.9) 
	   14 (11.9) 
	    1 ( 2.9) 
	    2 (18.2) 
	

	3
	   47 (13.1) 
	   14 (11.9) 
	    0 ( 0.0) 
	    0 ( 0.0) 
	

	Differentiation (%)
	  
	  
	   
	    
	0.031

	Poorly differentiated
	   70 (19.6) 
	   26 (22.0) 
	    5 (14.7) 
	    3 (27.3) 
	

	Moderately to Poorly differentiated
	  108 (30.2) 
	   32 (27.1) 
	   13 (38.2) 
	    0 ( 0.0) 
	

	Moderately differentiated
	  111 (31.0) 
	   46 (39.0) 
	    7 (20.6) 
	    6 (54.5) 
	

	Well differentiated
	   37 (10.3) 
	    5 ( 4.2) 
	    4 (11.8) 
	    1 ( 9.1) 
	

	Well to Moderately differentiated
	   24 ( 6.7) 
	    3 ( 2.5) 
	    5 (14.7) 
	    0 ( 0.0) 
	

	Undifferentiated
	    8 ( 2.2) 
	    6 ( 5.1) 
	    0 ( 0.0) 
	    1 ( 9.1) 
	

	Vascular Invasion (%)
	   64 (17.9) 
	   24 (20.3) 
	    1 ( 2.9) 
	    4 (36.4) 
	0.042

	Perineural Invasion (%)
	   77 (21.5) 
	   29 (24.6) 
	    6 (17.6) 
	    6 (54.5) 
	0.06

	Metastasis (excluding lymph node metastasis) (%)
	  
	  
	   
	    
	0.453

	Intrahepatic metastasis
	   31 ( 8.7) 
	   12 (10.2) 
	    1 ( 2.9) 
	    2 (18.2) 
	

	Extrahepatic metastasis
	    4 ( 1.1) 
	    1 ( 0.8) 
	    0 ( 0.0) 
	    0 ( 0.0) 
	

	Intrahepatic and extrahepatic
	    6 ( 1.7) 
	    1 ( 0.8) 
	    0 ( 0.0) 
	    1 ( 9.1) 
	

	No metastasis
	  317 (88.5) 
	  104 (88.1) 
	   33 (97.1) 
	    8 (72.7) 
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