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Supplement Table:
Supplement Table1.Patients and nodules characteristics of institution 1 and 2. 

	Characteristics
	Total
(n=681)
	Institution 1
(n=463)
	Institution 2
(n=218)
	P value

	Patient’s characteristics

	Age (y, median, IQR)
	58.0(47.0, 65.0)
	59.0(49.0, 66.0)
	53.8(44.0, 62.8)
	<0.001

	Male (n, %)
	428 (62.8%)
	279 (60.3%)
	149 (68.3%)
	0.042

	BMI (median, IQR)
	22.9(20.8, 24.9)
	22.8(20.7, 25.0)
	23.0(21.1, 24.7)
	0.414a

	Family history (n, %)
	34 (5.0%)
	14 (3.0%)
	20 (9.2%)
	0.001

	Cigarette (n, %)
	173 (25.4%)
	102 (22.0%)
	71 (32.6%)
	0.003

	Alcohol (n, %)
	130 (15.8%)
	46 (26.4%)
	27 (9.3%)
	<0.001

	Cardiovascular disease (n, %)
	144 (21.1%)
	111 (24.0%)
	33 (15.1%)
	0.008

	Diabetes (n, %)
	87 (12.8%)
	60 (13.0%)
	27 (12.4%)
	0.834

	HCV (n, %)
	6 (0.9%)
	4 (2.3%)
	2 (0.9%)
	1.000

	HBeAb+ (n, %)
	162 (35.0%)
	84 (48.3%)
	78 (27.0%)
	<0.001

	HBcAb+ (n, %)
	434 (63.7%)
	310 (67.0%)
	124(56.9%)
	0.011

	Platelet (median, IQR)
	237.0
(187.0, 293.0)
	245.6
(183.0, 298.3)
	237.0
(194.3, 285.0)
	0.946a

	ALT (median, IQR)
	25.0(16.0, 41.0)
	25.0(16.0, 44.0)
	23.8(16.2, 34.5)
	0.106a

	AST (median, IQR)
	26.0(19.7, 43.0)
	29.0(21.0, 50.0)
	22.2(18.0, 30.1)
	<0.001a

	GGT (median, IQR)
	70.0(34.0,155.6)
	85.0(42.0, 200.0)
	45.9(27.6, 82.3)
	<0.001a

	ALP (median, IQR)
	96.0 (73.0, 149.9)
	103.0(75.0, 173.0)
	84.7(66.0,111.2)
	<0.001a

	AFP >20ng (n, %)
	157 (23.1%)
	100 (21.6%)
	57 (26.1%)
	0.189

	CEA (median, IQR)
	2.4 (1.5, 3.6)
	2.5(1.6, 3.9)
	1.9(1.0, 3.1)
	<0.001a

	CA125 (median, IQR)
	16.8 (12.9, 22.0)
	16.8(10.9, 32.1)
	16.8(9.8,20.4)
	0.647a

	CA19-9(median, IQR)
	12.4 (5.8, 34.9)
	12.4(4.9, 57.4)
	13.2(7.0,23.5)
	0.418a

	Treatment
	<0.001

	Surgery (n, %)
	567 (83.2%)
	349 (75.4%)
	218 (100%)
	

	Transplantation (n, %)
	7 (1.0%)
	7 (1.5%)
	0 (0%)
	

	Biopsy (n, %)
	107 (15.7%)
	107 (23.1%)
	0 (0%)
	

	Lesion characteristics

	Size (median, IQR)
	5.6 (3.6, 8.3)
	5.8 (3.5, 8.6)
	5.2 (3.6, 7.9)
	0.086a

	Single lesion (n, %)
	549 (80.6%)
	357 (77.1%)
	192 (88.1%)
	<0.001



Abbreviations: HCC, hepatocellular carcinoma; AFP, alpha fetoprotein; BMI, body mass index; HCV, hepatitis C virus; ALT, alanine transaminase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase. SD: standard deviations
aThe data does not follow the normal distribution.
[bookmark: _Hlk70783080]Supplement Table 2. The number of each liver lesion according to pathological classification.
 
	[bookmark: OLE_LINK3][bookmark: OLE_LINK2]Lesion
	Institution 1
	Institution 2
	All

	HCC
	174
	103
	277

	[bookmark: OLE_LINK7]iCCA
	150
	28
	178

	Mixed
HCC-CC
	7
	10
	17

	Sarcoma
	7
	5
	12

	FNHa
	16
	34
	50

	Hemangioendothelioma
	3
	0
	3

	Abscess a
	21
	0
	21

	Adenoma a
	8
	3
	11

	Cystadenoma a
	9
	2
	11

	Angioleio-
Myolipomaa
	11
	10
	21

	Inflammatory pseudotumora
	15
	1
	16

	Granuloma a
	10
	0
	10

	Non-special
Benigna
	26
	17
	43

	Non-special
malignancy
	6
	5
	11

	Total
	463
	218
	681


Abbreviations: HCC, hepatocellular carcinoma; iCCA, intrahepatic cholangiocarcinoma; FNH, focal nodular hyperplasia; Mixed HCC-CC, mixed hepatocellular cholangiocarcinoma
Note: Percentages are based on each pathological type of the lesions.
a the definition of benign lesions and the remains defined malignancy. 
Supplement Table 3. Performance of ancillary features for HCC diagnosis.
	[bookmark: OLE_LINK12]Ancillary Features Favoring Malignancy in General
	Accuracy %
(95% CI)
	Sensitivity %
(95% CI)
	Specificity %
(95% CI)
	PPV %
(95% CI)
	NPV %
(95% CI)

	Corona enhancement
	61.3 
(56.7-65.8)
	3.4
 (1.3-7.4)
	96.2
 (93.3-98.0)
	35.3 
(14.2-61.7)
	62.3 
(57.7-66.8)

	Fat sparing in solid mass
	63.3 
(58.7-67.7)
	2.9
 (0.9-6.6)
	99.7 
(98.1-100.0)
	83.3 
(35.9-99.6)
	63.0 
(58.4-67.5)

	Mild-moderate T2 hyperintensity a
	56.4 
(44.7-67.6)
	100.0
 (92.6-100.0)
	12.8 
(4.3-27.0)
	53.4 
(41.4-65.2)
	100.0 
(54.9-100.0)

	Restricted diffusiona
	[bookmark: OLE_LINK9]70.5 
(59.1-80.3)
	97.4
 (86.5-99.9)
	43.6
(27.8-60.0)
	63.3 
(49.9-75.4)
	94.4 
(72.7-99.9)

	Transitional phase hypointensityb
	67.9 
(56.4-78.1)
	79.5 
(63.5-90.7)
	56.4 
(39.6-72.0)
	64.6 
(49.5-77.8)
	73.3 
(54.1-87.7)

	Hepatobiliary phase hypointensityb
	65.7 
(61.1-70.0)
	17.8
 (12.4-24.3)
	94.5 
(91.2-96.0)
	66.0 
(50.7-79.1)
	65.6 
(60.8-70.2)

	Ancillary Features Favoring HCC in Particular
	-
	-
	-
	-
	-

	Non-enhancing capsule
	61.6 
(57.0-66.0)
	[bookmark: OLE_LINK8]0.00 
(0.00-1.70)
	98.6 
(96.5-99.6)
	0.00 
(0.00-5.27)
	62.1 
(57.5-66.5)

	Mosaic architecture
	71.9 
(67.6-76.0)
	47.1 
(39.5-54.8)
	86.9 
(82.4-90.5)
	68.3 
(59.2-76.5)
	73.2 
(68.2-77.8)

	Fat in mass
	64.1 
(59.6-68.5)
	9.80 
(8.50-15.2)
	96.9 
(94.2-98.6)
	65.4 
(44.3-82.8)
	64.1 
(59.4-68.6)

	Blood products in mass
	65.9 
(61.4-70.2)
	12.6 
(8.10-18.5)
	97.9 
(95.5-99.2)
	78.6 
(59.0-91.7)
	65.1 
(60.4-69.5)

	Nodule-in-nodule architecture
	63.5 
(58.9-67.9)
	4.00 
(1.60-8.10)
	99.3 
(97.5-99.9)
	77.8 
(40.0-97.2)
	63.2 
(58.6-67.7)

	Major features Favoring Malignancy in Genera
	-
	-
	-
	-
	-

	Rim APHE
	35.2
(30.9-39.7)
	16.1
(11.0-22.4)
	46.7
(40.8-52.0)
	15.2
(10.5-21.5)
	48.0
(42.1-54.1)

	Peripheral washout
	59.4
(54.8-63.9)
	6.9
(3.6-11.7)
	91.0
(87.1-94.0)
	31.6
(17.5-48.7)
	61.9
(57.1-66.5)

	Delayed central enhancement
	57.9
(53.2-62.4)
	0.0
(0.0-1.7)
	92.7
(89.1-95.0)
	0.0
(0.0-1.3)
	60.6
(55.9-65.2)

	Infiltrative appearance
	46.0
(41.4-50.7)
	25.9
(19.5-33.0)
	58.1
(52.2-63.0)
	27.1
(20.5-34.5)
	56.6
(50.7-62.3)

	Necrosis or severe ischemia
	53.8
(49.1-58.4)
	75.9
(68.8-82.0)
	40.5
(34.8-46.0)
	43.4
(37.8-49.2)
	73.0
(66.0-80.3)

	Targetoid TP or HBPb
	47.4
(36.0-59.1)
	12.8
(4.3-27.4)
	82.1
(66.5-92.0)
	41.7
(15.2-72.3)
	48.5
(36.0-61.1)

	Targetoid restrictiona
	39.7
(28.8-51.5)
	2.6
(0.1-13.5)
	76.9
(60.7-88.0)
	10.0
(0.3-44.5)
	44.1
(32.1-56.7)



 Abbreviations: HCC, hepatocellular carcinoma; CI, confidence intervals.
Note: a Data assessed in the HBA-MRI and ECA-MRI group, b Data assessed only in the HBA-MRI group.
 

[bookmark: _Hlk70783169]Supplement Table 4. Univariate analysis of baseline characteristics with P<0.05 on diagnosis for HCC.
	Characteristics
	Odds ratio
 (95% CI)
	P value
	Characteristics
	Odds ratio
 (95% CI)
	P value

	Age
	1.02 (1.00,1.03)
	0.037
	Non-rim APHE
(yes vs. no)
	13.16 (8.30,20.85)
	<0.001

	Sex
(female vs. male)
	0.24 (0.15,0.37)
	<0.001
	Non-peripheral washout
(yes vs. no)
	12.04 (7.30,19.86)
	<0.001

	Cigarette
(yes vs. no)
	2.64 (1.69,4.14)
	<0.001
	Enhancing capsule
(yes vs. no)
	20.44 (9.85,42.42)
	0.004

	Alcohol
(yes vs. no)
	3.49 (2.07,5.86)
	<0.001
	fat in mass
(yes vs. no)
	3.37 (1.47,7.73)
	0.004

	Diabetes
(yes vs. no)
	2.27 (1.31,3.93)
	0.003
	Mosaic architecture
(yes vs. no)
	6.01 (1.23,29.27)
	0.026

	HBeAb
(yes vs. no)
	2.52 (1.70,3.75)
	<0.001
	Nodule-in-nodule
(yes vs. no)
	5.89 (3.74,9.26)
	<0.001

	HBcAb
(yes vs. no)
	3.03 (1.94,4.74)
	<0.001
	Infiltrative appearance
(yes vs. no)
	0.48 (0.32,0.73)
	<0.001

	HCV
(yes vs. no)
	3.25 (1.27,8.32)
	0.014
	Blood products in mass
(yes vs. no)
	6.83 (2.71,17.20)
	<0.001

	ALP
	1.00 (0.99,1.00)
	<0.001
	Necrosis or severe ischemia
(yes vs. no)
	2.14 (1.41,3.25)
	<0.001

	AFP
≤20 vs >20
	1.00 (1.00,1.00)
	0.003
	Rim APHE
(yes vs. no)
	0.17 (0.11,0.27)
	<0.001

	CEA
	0.93 (0.89,0.98)
	0.007
	Transitional phase hypointensity
(yes vs. no)
	5.01 (1.84,13.66)
	0.002

	CA125
	0.99 (0.99,1.00)
	0.004
	HBP hypointensity
(yes vs. no)
	5.57 (2.04,15.23)
	<0.001

	CA19.9
	1.00 (1.00,1.00)
	0.002
	Targetoid restriction
(yes vs. no)
	0.09 (0.01,0.73)
	0.025

	
	
	
	Restricted diffusion
(yes vs. no)
	29.36 (3.65,235.99)
	0.001



Abbreviations: HCC, hepatocellular carcinoma; CI, confidence intervals; AFP, alpha fetoprotein; HCV, hepatitis C virus; ALP, alkaline phosphatase;
CEA, carcinoma embryonic antigen; APHE, Arterial phase high enhancement; HBP, hepatobiliary phase

[bookmark: _Hlk70783234][bookmark: OLE_LINK13]Supplement Table 5. Diagnostic performance based on different radiological examination in external cohort. 
	Examination
(n)
	Model

	AUC
(95% CI)
	Accuracy
(n)
	Sensitivity
(n)
	Specificity
(n)
	PPV
(n)
	NPV
(n)

	CT (n=89)
	Imaging model
	83.6
 (75.0, 92.1)
	66.3
(59/89)
	31.0
(13/42)
	97.9
(46/47)
	92.9
(13/14)
	61.3
(46/75)

	
	Clinical-imaging model
	88.6 
(81.4, 95.9)
	84.3
(75/89)
	71.4
(30/42)
	95.7
(45/47)
	93.8
(30/32)
	79.0
(45/57)

	ACE-MRI (n=101)
	Imaging model
	83.7 
(75.9, 91.6)
	71.4
(35/49)
	78.9
(41/52)
	76.1
(35/46)
	76.1
(35/46)
	74.6
(41/55)

	
	Clinical-imaging model
	91.3 
(85.7, 96.8)
	87.8
(43/49)
	80.8
(42/52)
	81.1
(43/53)
	81.1
(43/53)
	87.5
(42/48)

	HBA-MRI
(n=37)
	Imaging model
	70.2 
(51.6, 88.7)
	47.1
(8/17)
	90.0
(18/20)
	80.0
(8/10)
	80.0
(8/10)
	66.7
(18/27)

	
	Clinical-imaging model
	89.3 
(78.1, 100.0)
	70.6
(12/17)
	95.0
(19/20)
	95.0
(19/20)
	92.3
(12/13)
	79.2
(19/24)



[bookmark: _Hlk70781197]Abbreviations: HCC, hepatocellular carcinoma; PPV, positive predictive value; NPV, negative predictive value; CI, confidence intervals; CT, computed tomography; HBA-MRI, hepatobiliary contrast agent magnetic resonance imaging; ACE-MRI: extracellular contrast agent magnetic resonance imaging


Supplement figure legends
Supplementary Figure 1. Flow chart outlining patient selection and grouping process in institution 2.

Supplementary Figure 2 HBA-MR images of a 55-year-old man in low-risk population with HCC being classified to LR-5 (definite HCC). Pathological histology showed that HCC with Edmondson II grade and its size is 6.9×5.1×4.2cm, liver fibrosis degree was F2. AFP was 3.33ng/ml. T1-weighted (a), T2-weighted (b), DWI (c), T2-weighted fat suppressed (i) phase showed a nodule with a lesion in hepatic segment I respectively. The nodule showed non-rim hyperenhancement in the arterial phase (d) and non-peripheral washout and capsule enhancement in the portal venous phase (e), venous phase (f), transitional phase (g) and hepatobiliary phase (h). The white arrow showed the necrotic area where it unenhanced and showed hypointense during each phase.

[bookmark: OLE_LINK6][bookmark: OLE_LINK10]Supplementary Figure 3. HBA-MR images of a 63-year-old man in low-risk population with HCC being classified to LR-M (definite malignancy). HCC with Edmondson Ⅱ grade and its size is 6×5×4cm. Liver fibrosis is F2. AFP is 3.98ng/ml. T1-weighted (a) and T2-weighted (b) phase shows a nodule with haemorrhage sign in hepatic segment VI/VII. A rim hyperenhancement and delayed central enhancement with tumor necrosis show in (d) the portal venous phase, venous phase (e) and transitional phase (g). Lesion shows hypointense in hepatobiliary phase (h). T2-weighted fat suppressed unenhanced MR image (i) and DWI (c) also show hyperintense lesion. The white asterisk showed the hyperintense area in plain scan where it thought to be intra-tumorous hemorrhage. The white arrow showed the necrotic area where it unenhanced and showed hypointense during each phase.
