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Supplementary Tables
Supplementary Table 1

The definitions of the derivative biomarkers and MR imaging features 
	Variables
	Definitions

	Derivative Biomarkers
	

	APRI [1]
	APRI=Aminotransferase-to-platelet ratio 

	ALRI [2]
	ALRI=Aminotransferase-to-lymphocyte ratio 

	GPR [3]
	GPR=Gamma-glutamyl transferase-to-platelet ratio

	MR imaging features
	

	Peritumoral enhancement
	peritumoral enhancement defined as detectable crescent or irregular-shaped enhancement surrounding the tumor in arterial phase and isosignal in delayed phase [4, 5].

	Non-smooth margins
	non-smooth margins defined as the interface between the tumor and normal liver parenchyma being non-smooth in HBP [4, 5].

	Radiologic capsule
	radiologic capsule defined as the hyper-enhanced structure encasing the tumor during the portal venous or delayed phase, classified as complete, incomplete and no capsule [4, 5].

	Peritumoral hypointensity
	peritumoral hypointensity defined as wedge-shaped or flame-like low-signal of the liver parenchyma around the tumor in HBP [4, 5].

	Tumor size
	tumor size defined as the maximum diameter on the axis HBP

	HBPsir
	HBPsir=tumor SI / liver SI

	HBPsie
	HBPsie=tumor SI / spinal muscle SI

	HBPratio1
	HBPratio1=liver SI‒tumor SI

	HBPratio2
	HBPratio2=(liver SI‒tumor SI) / spinal muscle SI

	HBPratio3
	HBPratio3=(liver SI‒tumor SI) / liver SI

	HBPratio4
	HBPratio4=(tumor SI‒spinal muscle SI) / (liver SI-spinal muscle SI)


Abbreviations: MR, magnetic resonance; MVI, microvascular invasion; HCC, hepatocellular carcinoma; SI, signal intensity; HBP, hepatobiliary phases.

”/”: divide. ”‒”: subtract. 
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Supplementary Table 2
A: Scan Parameters of GE (1.5T/3.0T)
	Scan Parameters of GE(1.5T/3.0T)

	Sequences
	TR (ms;1.5T/3.0T)
	TE (ms;1.5T/3.0T)
	FOV (cm;1.5T/3.0T)
	Layer thickness (mm;1.5T/3.0T)
	Matrix 

(1.5T/3.0T)
	BW (Hz;1.5T/3.0T)

	T1-weighted imaging
	185/270
	2/2
	39/40
	2.5/2.5
	288×160/416×170
	62.5/83.3

	Fat-suppressed T2WI
	6800/7200
	85/85
	39/40
	6/6
	288×224/320×192
	41.6/83.3

	T1WI multiphase enhancement of LAVA $
	2.1/2.6
	1.1/1.1
	40/38
	2.5/2.5
	320×160/256×224
	125/125


Abbreviations: TR, Repetition time; TE, Echo time; FOV, Field of view; BW, Bandwidth; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; LAVA, liver acquisition with volume acceleration. 

$, Breath-hold T1WI multiphase enhancement of LAVA was performed with a dual flip-angle of 12°and 11°. 

B: Scan Parameters of Siemens (3.0T)
	Scan Parameters of Siemens(3.0T)

	Sequences
	TR (ms)
	TE (ms)
	FOV (mm2)
	Layer thickness (mm)
	Matrix
	BW (Hz)

	T1-weighted VIBE imaging
	5.08
	1.74
	380×380
	3
	320×240
	435

	T2-weighted imaging
	4918
	93
	285×380
	6
	320×260
	195

	T1WI multiphase enhancement
	4.24
	1.66
	285×380
	3
	320×240
	405


Abbreviations: TR, Repetition time; TE, Echo time; FOV, Field of view; BW, Bandwidth; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; VIBE, Volumetric interpolated breath-hold examination. 

Supplementary Table 3

Consistency evaluation of quantitative and qualitative analysis of MR features by two radiologists
	MR imaging features
	ICC values
	95%CI
	Consistency evaluation

	tumor size
	0.9925
	0.9907–0.9940
	excellent agreement

	right spinal muscle SI
	0.9558
	0.9436–0.9653
	excellent agreement

	tumor SI
	0.8968
	0.8722–0.9168
	good agreement

	normal liver SI
	0.8646
	0.8269–0.8936
	good agreement

	peritumoral enhancement
	0.8647
	0.8339–0.8902
	good agreement

	non-smooth margins
	0.8110
	0.7695–0.8458
	good agreement

	radiologic capsule
	0.8174
	0.7771–0.8511
	good agreement

	peritumoral hypointensity
	0.7924
	0.7474–0.8302
	good agreement


Abbreviations: ICC, intraclass correlation coefficient; CI, confidence interval; SI, signal intensity.

The ICC was classified into moderate (0.5 ≤ ICC < 0.75), good (0.75 ≤ ICC < 0.9) and excellent (ICC ≥ 0.9).

Supplementary Table 4
The selected features and their coefficients by the tenfold cross-validation and LASSO regression in the training set
	Features
	Coefficient values

	(Intercept)
	-1.842201457

	Peritumoral enhancement
	1.196197677

	Non smooth margin
	0.973378193

	Peritumoral hypointensity
	1.934403288

	HBPratio3
	0.557714599

	HBPsie
	0.031548932

	APRI
	0.431893928

	ALRI
	0.253807569

	GPR
	-0.319541950

	logAFP
	0.110234019

	PLT
	-0.004015341

	ALP
	-0.001382945


Abbreviations: APRI, aminotransferase-to-platelet ratio; ALRI, aminotransferase-to-lymphocyte ratio; GPR, gamma-glutamyl transferase-to-platelet ratio; AFP, alpha-fetoprotein; PLT, platelet count; ALP, alkaline phosphatase; HBPratio3=(liver signal intensity‒tumor signal intensity) / liver signal intensity; HBPsie=tumor SI / spinal muscle SI; HBP, hepatobiliary phases; LASSO, least absolute shrinkage and selection operator.
Supplementary Table 5

Evaluation of ENS model performance for diagnosis MVI in different MR scanners
	Subgroup
	MVI-positive

(%)
	AUC (95% CI)
	Accuracy
	Precision
	Recall
	Brier Score

	Gender
	
	
	
	
	
	

	     male(n=332)
	143(43.0)
	0.847(0.804-0.884)
	0.795
	0.771
	0.910
	0.148

	     female(n=55)
	24(43.6)
	0.793(0.662-0.890)
	0.746
	0.774
	0.774
	0.179

	MRI scanners
	
	
	
	
	
	

	     GE(n=314)
	144(45.8)
	0.869(0.827-0.905)
	0.771
	0.772
	0.818
	0.147

	     Siemens(n=73)
	23(31.5)
	0.839(0.735-0.915)
	0.877
	0.873
	0.960
	0.121

	Magnetic field intensity
	
	
	
	
	
	

	     3.0T(n=100)
	35(35.0)
	0.795(0.702-0.869)
	0.800 
	0.808
	0.908
	0.155

	     1.5T(n=287)
	132(45.9)
	0.869(0.825-0.906)
	0.791
	0.788
	0.839
	0.146


Abbreviations: ENS, the ensemble model; AUC, area under the curve; CI, confidence interval; MVI, microvascular invasion; HCC, hepatocellular carcinoma.
Supplementary Figures 
Supplementary Figure 1
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Bland-Altman plots of interobserver agreement for quantitative parameter measurements. Bland-Altman plots of tumor size (a), tumor signal intensity (b), liver signal intensity (c) and right spinal muscle signal intensity (d). The x-axis represents the average value measured by the two radiologists, and the y-axis represents the difference between the two observers. A solid blue horizontal line represents the average difference. The mean difference and 95% limits of agreement were 0.0 and −0.7 to 0.8 for tumor size, respectively. The mean difference and 95% limits of agreement were −13.6 and −194.4 to 167.2 for tumor signal intensity, respectively. The mean difference and 95% limits of agreement were 56.1 and −390.1 to 502.4 for liver signal intensity, respectively. The mean difference and 95% limits of agreement were 12.7 and −103.1 to 128.5 for right spinal muscle signal intensity, respectively. Overall, there was good agreement on the quantitative parameter measured by two radiologists, with most points falling within the 95% confidence interval range.
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The calibration curves and decision curve analysis of ENS model for predicting MVI with a tumor diameter of >5cm HCC (A, B), a tumor diameter of ≤5cm HCC (C, D), a tumor diameter of ≤3cm HCC (E, F), and a tumor diameter of ≤2cm HCC (G, H).

