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Background: Microvascular invasion (MVI) is a significant hazard factor that influences the recurrence 
and survival of hepatocellular carcinoma (HCC) patients after undergoing hepatectomy. This study aimed 
to develop and validate a nomogram that combines hematological and imaging features of HCC patients to 
preoperatively predict MVI, and investigate the effect of wide resection margin (≥1 cm) on the prognosis of 
MVI-positive HCC patients. 
Methods: A total of 709 HCC patients who underwent hepatectomy at the Liver Cancer Institute of 
Zhongshan Hospital, Fudan University between June 1, 2015 and December 30, 2016 were included in this 
study and divided into training (496 patients) and validation cohort (213 patients). Least absolute shrinkage 
and selection operator (Lasso) regression and multivariable logistic regression were used for variables’ 
selection and development of the predictive model. The model was presented as a nomogram, and its 
performance was assessed in terms of discrimination, calibration and clinical usefulness.
Results: Independent prognostic factors such as alkaline phosphatase (ALP, >125 U/L), alpha-fetoprotein 
(AFP, within 20–400 or >400 ng/mL), protein induced by vitamin K absence-II (PVIKA-II, within 40–400 
or >400 mAU/mL), tumor number, diameter, pseudo-capsule, tumor growth pattern and intratumor 
hemorrhage were incorporated in the nomogram. The model showed good discrimination and calibration, 
with a concordance index (0.82, 95% CI, 0.782–0.857) in the training cohort and C-index (0.80, 95% CI, 
0.772–0.837) in the validation cohort. Decision curve analysis (DCA) also showed that this model is clinically 
useful. Moreover, HCC patients with wide resection margin had a significantly lower 3-year recurrence rate 
than those with narrower resection margin (0.5–1 cm).
Conclusions: This study presents an optimal model for preoperative prediction of MVI and shows that 
wide resection margin for MVI-positive HCC patients has a better prognosis. This model can help surgeons 
choose the best treatment options for HCC patients before and after the operation.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors in the world. In early 2020, the 
latest statistics report on cancer in the United States showed 
that HCC was the fifth leading cause of tumor death with 
a 5-year survival rate of only 18% (1). Recently, early clear 
diagnosis and combinations of comprehensive treatment 
(such as surgery and molecular targeted therapies) have 
improved the prognosis of HCC patients. However, the 
recurrence rate at 2 years after liver cancer resection is still 
close to 50%, and as high as 75% at 5 years (2).

MVI is a well-known risk factor that affects the recurrence 
of HCC and survival of patients after hepatectomy, and is 
included in the latest TNM staging system (3). However, 
MVI cannot be distinguished preoperatively as it is only 
diagnosed by post-operative pathological examination. 
Hence, it is essential to establish an efficient predictive 
model that distinguishes MVI preoperatively by combining 
hematological and imaging data. 

A var iety  of  previous  s tudies  concentrated on 
highly reliable factors to predict MVI. Xu et al. built a 
radiographic-radiomic (RR) model with a high capacity to 
preoperatively predict MVI from thousands of radiomic 
features (based on contrast-enhanced CT) (4). Lee et al. 
found hypo-intensity in hepatobiliary phase (HBP) can 
be utilized as a specific imaging biomarker for estimating 
MVI through gadoxetic acid-enhanced MRI (5). However, 
contrast-enhanced CT is not as sensitive as MRI in 
detecting early HCC. MRI has become the mainstream 
technology in the diagnosis of HCC. Gadoxetic acid-
enhanced MRI has not been extensively used for HCC 
detection because of its expensive contrast agent. Wang et al.  
also applied diffusion kurtosis imaging (DKI)-derived 
parameters of MVI for preoperative assessment, but the 
sample size was too small (6). Banerjee et al. combined 
imaging features and gene expression to build a radio-
genomic venous-invasion (RVI) predictor for MVI. 
However, these criteria have not been well-established (7).  
Recently, PIVKA-II was adopted as a biomarker for the 
early detection of HCC (8). Other studies also showed 
that it can be used as a predictive biomarker of MVI (9). 
However, more clinical studies are needed to verify it, and 
clarify its effective cut-off.

Complete surgical resection is the most effective therapy 
for curing HCC (10). Advanced surgical techniques, such 
as anatomical resection and widening resection margin can 
theoretically improve the radical of HCC, but there is no 
unified understanding regarding this issue (11,12). Accurate 
evaluation of the efficacy of HCC surgical methods is still 
a question worthy of further clinical investigation. MVI 
may be one factor affecting the thoroughness of radical 
operation. Therefore, this study investigated the effect 
of resection with wide margin on the prognosis of MVI-
positive HCC patients. The findings of this study can 
provide theoretical basis for different surgical methods and 
assist surgeons with choosing whether a wide resection 
margin should be adopted. For advanced HCC stages, it can 
also assist surgeons with choosing an appropriate treatment 
strategy such as neoadjuvant therapy or molecular targeted 
therapy.

Therefore, the aim of this study was to build a specific 
and practical model for accurate preoperative prediction of 
MVI. This model combined hematological tests (including 
inflammatory and tumor markers of HCC) and imaging 
features of contrast-enhanced MRI, which are accessible 
to surgeons. It can guide surgeons to provide successful 
treatment and clinical management for HCC patients and 
reduce the risk of recurrence. Therefore, this model we 
have established is more suitable and practical for surgeons. 

The presentation of the following article is in accordance 
with the transparent reporting of a multivariable prediction 
model for individual prognosis or diagnosis (TRIPOD) 
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-4695).

Methods

Patients enrollment

A total of 709 HCC patients (aged 18 years or older) were 
enrolled in the study. All patients underwent resection at 
the “Liver Cancer Institute of Zhongshan Hospital, Fudan 
University” between June 1, 2015 and December 30, 2016 
(496 as training validation cohort and 213 as validation 
cohort). All curative-intent hepatectomy procedures were 
performed by experienced hepatobiliary surgeons, and 
surgical specimens were histopathologically confirmed. The 
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study was conducted in accordance with the “Declaration 
of Helsinki” (as revised in 2013). Clinical data in the study 
was obtained from Zhongshan hospital medical system. The 
study was approved by the ethics committee of Zhongshan 
Hospital, Fudan University. Approval No. is Y2018-155. 
Informed consent of clinical data used in this study were 
obtained from all patients without financial compensation.

The exclusion criteria were as followed: (I) patients 
younger than 18 years old; (II) patients with Nodules  
>10 cm, Child-Pugh C, preoperative anticancer treatment, 
metastasis, macroscopic portal vein tumor thrombus (MA-
PVTT), other cancers history, incomplete clinical data, or 
incomplete radical resection; (III) patients who died within 
30 days after surgery.

Preoperative management and surgical procedure

Patients’ general condition and liver reserve function were 
comprehensively evaluated preoperatively. The functional 
status score proposed by the “Eastern Cooperative 
Oncology Group” (ECOG) was often used to evaluate the 
patient’s general condition. Liver functions were evaluated 
by Child-Pugh score and indocyanine green (ICG) 
clearance test or transient elastography to measure liver 
stiffness (13,14). Other routine preoperative laboratory 
examinations included renal, cardiopulmonary (>60 years 
old) function tests, routine blood tests, hepatitis B and C 
immunology, tumor Markers, and coagulation function. 
The criteria of the “American Association for the Study of 
Liver Diseases” (AASLD) Development and validation of a 
nomogram combining hematological and imaging features 
for preoperative prediction of microvascular invasion 
(MVI) in HCC patients used for the diagnosis of HCC. 
Anatomical and non-anatomical resections are common 
surgical techniques. The most suitable resection margin was 
implemented according to the specific location of the tumor. 
According to the different surgical resection margins, 
patients were divided into wide resection margin group 
(≥1 cm) and narrow resection margin group (0.5–1 cm).  
Patients received good management after hepatectomy until 
their discharge by a standard protocol.

Clinicopathologic variables 

Demographic and clinicopathological data are shown 
in Table 1. The imaging data and morphologic features 
included maximum tumor length, tumor margin (0 for 

smooth margin and 1 for non-smooth margin), tumor 
growth pattern (0 for regular or round morphology and 1 
for Infiltrative border with irregular shape), cirrhosis (0 for 
absence and 1 for presence), pseudo-capsules (defined as the 
enhancement in arterial phase, portal phase or delay phase, 
represented with 0 for well-defined pseudo-capsules and 1 
for ill-defined pseudo-capsules), intratumor inhomogeneous 
imaging or with necrosis and hemorrhage (0 for absence 
and 1 for presence), arterial enhancement (0 for hyper-
enhancement and 1 for hypo-/mild enhancement) (15), 
number of tumors detected (0 for single and 1 for multiple), 
and hypo-intensity in portal phase or delay phase (Washout) 
(0 for absence and 1 for presence) (16,17).

All cases were evaluated preoperatively by two experienced 
radiologists and any disagreement between them were 
discussed until a final standard radiologic report was 
generated.

Histopathology

Surgical specimens were evaluated by a dedicated and 
experienced pathologist. Pathologic characteristics 
included: (I) histologic tumor grade, classified according to 
Edmondson-Steiner grade four-classification method (I-IV);  
(II) histological morphology, such as thin beam, thick 
beam, pseudo-glandular tube and patch type; (III) special 
types of HCC, including steatosis, clear cell, mega-beam 
mass, sclerosis, photic cell, fibrous layer, neutrophil, and 
lymphocyte type; (IV) tumor growth patterns, such as peri-
carcinoma invasion, breakthrough of capsules, MVI, and 
satellite nodules. 

MVI was defined as the microscopic presence of tumor 
cell nests in the vascular cavity lined by endothelial cells (3).  
Pathological grading method was M0 when no MVI was 
found, M1 (low-risk group) when less than 5 MVI were 
found and occurred in peritumor; M2 (high-risk group) 
when more than 5 MVI were found or MVI occurred in 
distant liver tissues.

Follow-up

After undergoing hepatectomy, all patients were monitored 
for 1 month and then every 3 months using color doppler 
ultrasonography or MRI and tumor markers. New 
tumor presented in imaging studies was defined as HCC 
recurrence. Patients were followed-up until December  
30, 2019.
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Table 1 Clinical characteristics of patients in the training and validation cohort

Variables Training cohort (n=496) Validation cohort (n=213)

Age, mean (SD) 56.20 (10.69) 57.32 (11.09)

Gender

Female 83/496 (16.73%) 37/213 (17.37%)

Male 413/496 (83.27%) 176/213 (82.63%)

TB, μmol/L 

≤20.4 455/496 (91.73%) 188/213 (88.26%)

>20.4 41/496 (8.27%) 25/213 (11.74%)

DB, μmol/L 

≤6.8 389/496 (78.43%) 163/213 (76.53%)

>6.8 107/496 (21.57%) 50/213 (23.47%)

ALB, g/L

≤35–55 23/496 (4.64%) 9/213 (4.23%)

>35–55 473/496 (95.36%) 204/213 (95.77%)

ALT, U/L

≤50 420/496 (84.68%) 179/213 (84.04%)

>50 76/496 (15.32%) 34/213 (15.96%)

AST, U/L 

≤40 413/496 (83.27%) 174/213 (81.69%)

>40 83/496 (16.73%) 39/213 (18.31%)

ALP, U/L

≤125 452/496 (91.13%) 190/213 (89.20%)

>125 44/496 (8.87%) 23/213 (10.80%)

GGT, U/L 

≤60 298/496 (60.08%) 121/213 (56.81%)

>60 198/496 (39.92%) 92/213 (43.19%)

TC, mmol/L

≤5.2 432/496 (87.1%) 185/213 (86.85%)

>5.2 64/496 (12.9%) 28/213 (13.15%)

TG, U/L 

≤60 436/496 (87.9%) 183/213 (85.92%)

>60 60/496 (12.1%) 30/213 (14.08%)

ApoA1, g/L 

≤1.7 423/496 (85.28%) 184/213 (86.38%)

>1.7 73/496 (14.72%) 29/213 (13.62%)

Table 1 (continued)
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Table 1 (continued)

Variables Training cohort (n=496) Validation cohort (n=213)

ApoB1, g/L

≤1.55 485/496 (97.78%) 211/213 (99.06%)

>1.55 11/496 (2.22%) 2/213 (0.94%)

ApoE, mg/L 

≤53 389/496 (78.43%) 167/213 (78.40%)

>53 107/496 (21.57%) 46/213 (21.60%)

Cr, μmol/L 

≤115 487/496 (98.19%) 208/213 (97.65%)

>115 9/496 (1.81%) 5/213 (2.35%)

Glu, mmol/L

≤5.6 423/496 (85.28%) 162/213 (76.06%)

>5.6 73/496 (14.72%) 51/213 (23.94%)

AFP, ng/mL 

≤20 238/496 (47.98%) 97/213 (45.54%)

20–400 145/496 (29.23%) 54/213 (25.35%)

≥400 113/496 (22.78%) 62/213 (29.11%)

CEA, ng/mL

≤5 442/496 (89.11%) 184/213 (86.38%)

>5 54/496 (10.89%) 29/213 (13.62%)

CA199, U/mL

≤34 409/496 (82.46%) 171/213 (80.28%)

>34 87/496 (17.54%) 42/213 (19.72%)

PLT,109/L

≤125 181/496 (36.49%) 76/213 (35.68%)

>125 315/496 (63.51%) 137/213 (64.32%)

PT, seconds

≤13 459/496 (92.54%) 198/213 (92.96%)

>13 37/496 (7.46%) 15/213 (7.04%)

PIVKA-II, mAU/mL

≤40 243/496 (48.99%) 116/213 (54.46%)

40–400 163/496 (32.86%) 59/213 (27.70%)

≥400 90/496 (18.15%) 38/213 (17.84%)

HBV DNA load, IU/mL

≤104 314/496 (63.31%) 138/213 (64.79%)

>104 182/496 (36.69%) 75/213 (35.21%)

Table 1 (continued)
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Table 1 (continued)

Variables Training cohort (n=496) Validation cohort (n=213)

HCV

No 495/496 (99.80%) 212/213 (99.53%)

Yes 1/496 (0.20%) 1/213 (0.47%)

Child-Pugh class

A 488/496 (98.4%) 208/213 (97.65%)

B 8/496 (1.6%) 5/213 (2.35%)

No. of tumors

Solitary 429/496 (86.49%) 185/213 (86.85%)

Multiple 67/496 (13.51%) 28/213 (13.15%)

Pseudo-capsule

Well-defined 282/496 (56.85%) 115/213 (53.99%)

Ill-defined 214/496 (43.15%) 98/213 (46.01%)

Tumor diameter, mean (SD%), cm 4.18 (2.49%) 4.18 (2.37%)

Cirrhosis

No 271/496 (54.64%) 110/213 (51.64%)

Yes 225/496 (45.36%) 103/213 (48.36%)

Tumor boundary

Smooth 338/496 (68.15%) 146/213 (68.54%)

Non-smooth 158/496 (31.85%) 67/213 (31.46%)

Tumor growth pattern

Regular 273/496 (55.04%) 105/213 (49.30%)

Irregular 223/496 (44.96%) 108/213 (50.70%)

Intratumor inhomogeneous

Absent 406/496 (81.85%) 159/213 (74.65%)

Present 90/496 (18.15%) 54/213 (25.35%)

Arterial enhancement

Hyper- 462/496 (93.15%) 195/213 (91.55%)

Hypo-/mild 34/496 (6.85%) 18/213 (8.45%)

Washout

Absent 460/496 (92.74%) 194/213 (91.08%)

Present 36/496 (7.26%) 19/213 (8.92%)

MVI

Absent 278/496 (56.05%) 125/213 (58.69%)

Present 218/496 (43.95%) 88/213 (41.31%)

TB, total bilirubin; DB, direct bilirubin; ALB, albumin; ALT, alanine transaminase; AST, aspartate transaminase; ALP, alkaline phosphatase; 
GGT, glutamyl transpeptidase; TC, total cholesterol; TG, triglyceride; APoA1, apolipoprotein A; APoB1, apolipoprotein B; ApoE, 
apolipoprotein e; Cr, Creatinine; Glu, fasting plasma glucose; AFP, alpha-fetoprotein; CEA, carcino-embryonic antigen; CA199, 
carbohydrate antigen; PLT, blood platelet; PT, prothrombin time; PIVKA-II, protein induced by vitamin K absence-II; HBV, hepatitis B virus; 
HCV, hepatitis C virus.
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Statistical analysis

Categorical variables were reported as whole numbers and/
or proportions, and continuous variables were reported as 
medians with standard deviation. Interobserver agreement 
for the presence of MRI imaging features was evaluated as 
Cohen κ coefficient. Clinicopathological variables associated 
with MVI were selected and assessed based on scientific 
knowledge, clinical discovery and markers’ identification 
in previous studies. Categorical variables between HCC 
patients with or without MVI were compared using Chi 
square test or Fisher exact test and continuous variables 
by using two-sample t-test or Mann-Whitney U test. The 
collinearity of variables or plausible interaction terms 
including age, AFP, PIVKA-II, tumor diameter, capsules, 
tumor growth pattern, intratumor necrosis or hemorrhage 
were evaluated. No interaction term was found in these 
variables. Continuous predictors (e.g., AFP and PIVKA-II) 
were categorized based on previous research (5,18). LASSO 
and 10-fold cross-validation were suitable for the regression 
of 34 clinicopathological variables associated with MVI and 
used to select the most effective and essential predictive 
features from the training cohort (Appendix 1). Selected 
variables were integrated in multivariate regression logistic 
analysis. Hazard ratios (HRs) were presented with their 
95% CIs. Nomogram was used to predict the probability 
of MVI (19). Regression coefficients were converted 
proportionally to a 0 to 100-point scale. Total points were 
obtained by adding independent variables derived score to 
define the linear predictor (20). 

The discrimination ability (predictive accuracy for 
individual outcomes) of the model was evaluated using the 
area under receiver operating characteristic curve (AUC) 
or C index (21). The C index is equivalent to the AUC. 
The accuracy of the model estimating outcomes function 
(calibration) was evaluated using calibration plot. The 
performance of the nomogram was tested in the validation 
cohort by calibration curve and AUC. Clinical usefulness 
of the nomogram was estimated using decision curve 
analysis (DCA) by quantifying the net benefits compared 
to other predictive models (based on only hematological 
or imaging features) (Appendix 2) (22). The index 
integrated discrimination improvement (IDI) and the net 
reclassification improvement (NRI) were used to evaluate 
the improvement in the predictive accuracy. Figures were 
drawn with R-Studio for windows (Version 3.6.2, http://
www.r-project.org). The packages of R used were show 
in Table S1. All tests were two sided, and P<0.05 was 
considered statistically significant. 

Results

Clinicopathologic characteristics

A total of 709 HCC patients who met the inclusion criteria 
were enrolled in our study and divided into the training 
cohort (496 patients) and validation cohort (213 patients) 
(Figure 1). Clinicopathologic characteristics and imaging 
features in the training and validation cohorts are shown 
in Table 1. No differences were found between the two 
cohorts. HCC patients with histopathologically identified 
MVI accounted for 43.95% (218/496) and 41.31% (88/213) 
of the training and validation cohorts, respectively. There 
were no significant differences between them. Satisfactory 
interobserver and interobserver reproducibility of imaging 
features’ extraction were achieved. 

Development of an MVI-predictive model

A total of 34 variables (clinicopathologic characteristics 
and imaging features) were screened for the selection of 
most useful 8 potential predictors in the training cohort  
(Figure 2A,B), with non-zero coefficients in the LASSO and 
logistic regression model. Multi-category ordered variables 
were set as dummy variables. Results of univariate logistic 
analysis are showed in Table S2.

Independently associated risk factors of MVI were 
tumor diameter, ALP (>125 U/L), AFP (within 20–400 or  
≥400 ng/mL), PIVKA-II (within 40–400 or ≥400 mAU/mL), 
multiple tumors, pseudo-capsule, infiltrative border 
with irregular shape, and intratumor inhomogeneous. A 
representative contrast-enhanced MRI image of 39-year-old  
HCC patients with MVI showed that pseudo-capsule 
manifested as a ring-shaped abnormal signal around the 
tumor in arterial phase (Figure 3A), portal venous phases 
(Figure 3B), and delay phases (Figure 3C). Pseudo-capsule 
was most obvious in delay phases.

Hemorrhagic or necrotic cystic signs inside the 
tumor (presented intratumor inhomogeneous) were also 
observed in arterial phase (Figure 3D), portal venous phases  
(Figure 3E), and delay phases (Figure 3F) of contrast-
enhanced MRI images from 47-year-old HCC patients with 
MVI. Infiltrative border with irregular shape of tumor was 
observed in T1 phase (Figure 3G), arterial phase (Figure 3H),  
portal venous phases (Figure 3I) from 53-year-old HCC 
patients with MVI.

The specific results on multivariate analysis are presented 
in Table 2. These candidate variables were incorporated to 
develop an MVI risk-predictive model, which was present 

https://cdn.amegroups.cn/static/public/ATM-20-4695-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-4695-Supplementary.pdf
http://www.r-project.org
http://www.r-project.org
https://cdn.amegroups.cn/static/public/ATM-20-4695-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-4695-Supplementary.pdf
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as the nomogram (Figure 4). 

Performance and validation of nomogram 

The predictive nomogram showed a good discrimination 
with a good C index of 0.82 (95% CI, 0.782–0.857)  
(Figure 5A). The calibration plot for the MVI probability 

of the nomogram demonstrated good agreement between 
prediction and observation in the training cohort. The 
Hosmer-Lemeshow test (P=0.32) also showed that the 
model had a perfect fit relatively (Figure 5B). The favorable 
predictive accuracy of the nomogram was also confirmed 
in the validation cohort with a C index of (0.80, 95% CI, 
0.772–0.837) (Figure 5C). Moreover, good calibration of the 

Figure 1 Flowchart of the study population and processing. HCC patients were categorized into two different groups (training, validation 
cohorts), and the further downstream processing was based on data from training cohort. HCC, hepatocellular carcinoma.

900 HCC patients from Liver Cancer Institute, 
Zhongshan Hospital, Fudan University (between 
June 1, 2015 and December 30, 2016)

Training cohort  
(n=496)

Dynamic contrast-enhanced 
MRl images

Clinical characteristics

Feature extraction

LASSO logistic regression

Building a nomogram combining 
hematological and imaging features

Tumor location

MVl positive images

Validation cohort  
(n=213)

Estimating the performance, validation and clinical 
usefulness of nomogram

191 patients were excluded
• Nodule >10 cm (n=49)
• Child-Pugh C (n=23)
• Preoperative anticancer treatment (n=20)
• Metastasis, macroscopic portal vein tumor thrombus 

(n=30)
• Other cancers history (n=24)
• Incomplete clinical data (n=9)
• Incomplete radical resection (n=36)

file:///D:\Users\Zhouqiang\AppData\Local\Youdao\Dict\7.5.2.0\resultui\dict\?keyword=relatively
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nomogram was also obtained for the probability of MVI 
in the validation cohort (P=0.31, Hosmer Lemeshow test) 
(Figure 5D). 

The optimal cut-off value of the Nomo-score was 0.42. 
The specificity and sensitivity of differentiating the presence 
or absence of MVI were 76.6% and 74.8% in the training 
cohort and 70.2% and 79.1% in the validation cohort, 
respectively. The performance of the nomogram (including 
optimal cut-off, sensitivity, specificity, positive predictive 
value, and negative predictive value) is summarized in  
Table 3.

Clinical usefulness

In order to estimate the clinical usefulness of the 
nomogram, we compared our model to other models of 
previous studies. Poté et al. found that AFP and PIVKA-
II could predict MVI (9). Other studies revealed that 
imaging features of contrast-enhanced MRI (including 
tumor diameter, tumor number, pseudo-capsules and 
arterial enhancement) were closely associated with MVI 
(15,23). Therefore, a nomogram containing AFP, PIVKA-
II was defined as hematological test model. A nomogram 

containing imaging features of contrast-enhanced MRI was 
defined as imaging features’ model. Our nomogram was 
defined as a combining model. The individual AUCs of the 
combined model, hematological test model and imaging 
features model were 82.0, 75.6, 74.5 and 80.5, 74.3, 71.9 in 
training cohort (Figure 6A) and validation cohort (Figure 6B)  
respectively. Delong test showed that the combining 
model’s performance was better than the other two models 
(P<0.001). DCA was used to calculate net-benefits of our 
own nomogram to predict MVI at threshold probabilities 
of 40% and compare it to the other two predictive models 
mentioned above. Our model showed higher net-benefit 
than other predictive models (Figure 6C,D) and improved 
the reclassification performance in terms of NRI and IDI 
(Table 4).

Effect of wide resection margin on the prognosis of MVI-
positive HCC patients

The surgical resection margin is an important prognostic 
factor of postoperative recurrence in hepatectomy for 
HCC patients. Negative surgical resection margin (R0) can 
reduce the postoperative recurrence rate and improve the 

Figure 2 Feature selection using the LASSO binary logistic regression model. (A) Tuning parameter (λ) was selected by LASSO model using 
10-fold cross-validation via minimum criteria. The vertical axis represents AUC which was plotted versus log(λ). The minimum criteria and 
the 1 standard error of the minimum criteria was chosen as the optimal values for dotted vertical lines drawn. A log(λ) value of −2.91 was 
chosen. (B) LASSO coefficient profiles of the 34 texture features produced based on log (λ) sequence. 10-fold cross-validation was used for 
optimal λ resulting in 8 nonzero coefficients and vertical line drawn.
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prognosis of patients with HCC. But the effect of resection 
margin width on recurrence-free and long-term survivals 
is still controversial. The width of resection margin more 
than 0.5 cm is recommended as beneficial. But recurrence 
after primary resection is multifactorial, R0 resection is 
just one of the problems in the treatment of HCC. MVI 
can invade the tumor capsule and blood vessels more than  
1 cm away from the tumor edge. Therefore, we investigated 
the effect of resection with wide resection margin (≥1 cm) 
on the prognosis of MVI-positive HCC patients. After 

excluding patients with thin resection margin (<0.5 cm) 
and incomplete survival data a total of 650 patients were 
eligible. We then stratified patients according to tumor 
diameter (<5 and ≥5 cm). In tumor diameter less than  
5 cm and MVI-positive group, resection with wide margin 
(≥1 cm) had a better disease-free survival (DFS) compared 
to that with narrow margin (0.5–1 cm). In MVI-negative 
group, no statistically significant differences in DFS were 
found between the two groups (Figure 7A,B). The same 
conclusion was drawn from the group with tumor diameter 

Figure 3 The representative images of three HCC patients with MVI (39-, 47- and 53-year-old respectively). Pseudo-capsule manifested 
as a ring-shaped abnormal signal around the tumor on arterial phase (A), portal venous phases (B), and delay phases (C). Hemorrhagic or 
necrotic cystic signs inside the tumor resulted in intratumor inhomogeneous on arterial phase (D), portal venous phases (E), and delay 
phases (F). Infiltrative border with irregular shape of tumor was observed in T1 phase (G), arterial phase (H), portal venous phases (I).
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Table 2 Multivariate logistic regression analysis of MVI presence in the training cohort

Variable β OR (95% CI) P value

ALP, >125 vs. ≤125 U/L 1.18 3.26 (1.72–6.17) <0.001***

AFP, ng/mL 

20–400 vs. ≤20 0.65 1.91 (1.27–2.88) 0.002**

≥400 vs. 20–400 1.27 3.55 (2.29–5.51) <0.001***

PIVKA-II, mAU/mL 

40–400 vs. ≤400 0.30 1.744 (0.9–2.01) 0.03*

≥400 vs. 20–400 1.13 3.08 (1.87–5.07) <0.001***

No. of tumors, solitary vs. multiple 0.64 1.90 (1.146–3.157) 0.013*

Pseudo-capsule

Ill-defined vs. well-defined 0.41 1.51 (1.06–2.15) 0.024*

Tumor diameter, cm 0.31 1.37 (1.1–1.71) 0.04*

Tumor growth pattern

Irregular vs. regular 0.81 2.25 (1.58–3.2) <0.001***

Intratumor inhomogeneous

Present vs. absent 0.67 1.95 (1.27–2.30) 0.002**

*, P<0.05; **, P<0.01; ***, P<0.001. MVI, microvascular invasion; ALP, alkaline phosphatase; AFP, alpha-fetoprotein; PIVKA-II, protein 
induced by vitamin K absence-II.

Figure 4 Nomogram for preoperative prediction of MVI. MVI, microvascular invasion.
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more than 5 cm (Figure 7C,D).
The nomogram also displayed the highest levels of 

accuracy to predict DFS in the training and validation 
cohorts.  Other risk factors such as hepatoma cell 
differentiation and tumor diameter might affect the 
prognosis of HCC surgery. Therefore, a nomogram 
containing hepatoma cell differentiation and tumor 

diameter was defined as pathological features’ model. DCA 
was used to calculate net-benefits of our own nomogram 
predicting DFS and compare it to pathological features’ 
model and resection margin model (Figure S1). Our model 
showed higher net-benefit compared to other predictive 
models and improved the reclassification performance in 
terms of NRI and IDI (Table S3). Therefore, the prognostic 

Figure 5 Diagnostic accuracy and Calibration curves of the nomogram for the estimation of MVI in HCC patients in the training and 
validation cohorts. In panel (A) and (C), a cut-off value of 0.4 of the Nom-score is used, ROC curves showed good diagnostic performance 
of the nomogram in the training and validation cohorts. In panel (B) and (D), Calibration curves of the nomogram in the training (B) and 
validation (D) cohorts are shown. Calibration curves depict the calibration of the model in terms of the agreement between the predicted 
probabilities of MVI presence and observed outcomes of MVI presence. The dotted black line represents an ideal prediction, and the dotted 
orange line represents the predictive ability of the nomogram, a closer fit to the diagonal dotted black line represents a better prediction. 
HCC, hepatocellular carcinoma; MVI, microvascular invasion.
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nomogram was also distinctly valuable in recurrence 
prediction.

Discussion

MVI is a well-known risk factor that affects the recurrence 
of HCC and survival of patients after undergoing 
hepatectomy. In the present study, approximately 40% of 
HCC patients harbored MVI. Therefore, it is necessary 
to establish an efficient predictive model preoperatively. 
We developed and validated a diagnostic and practical 
predictive model for preoperative MVI prediction that 
combines hematological test (including inflammatory and 
tumor markers of HCC) and imaging features of contrast-
enhanced MRI. 

For the construction of the nomogram, a total of 34 
clinicopathological characteristics and imaging features 
were selected and combined into a marker panel by LASSO 
method. The nomogram incorporated 8 comprehensive and 
accessible preoperative variables [including tumor diameter, 
ALP (>125 U/L), AFP (within 20–400 or ≥400 ng/mL],  
PIVKA-II (within 40–400 or ≥400 mAU/mL), multiple 
tumors, pseudo-capsule, infiltrative border with irregular 
shape, and intratumor inhomogeneous). Moreover, 
it performed well with a good discrimination and C 
index of 0.82 (95% CI, 0.782–0.857) and 0.80, (95% 

CI, 0.772–0.837) in the training and validation cohorts, 
respectively. The calibration plot for the MVI probability 
of the nomogram demonstrated good agreement between 
prediction and observation. 

A variety of previous studies tried to found effective 
preoperative variables to predict MVI. Poté et al. found 
that PIVKA-II was associated with MVI, but he did not 
build a predictive model for clinical applications (9). Hyun 
et al. also built an improved predictive model combining 
standardized uptake value ratio on FDG PET/CT, tumor 
size, and AFP, but the performance of this model (AUC 
=0.756) is not as well as ours and PET/CT was not 
extensively used (24). In other studies, radiomics-score of 
imaging features based on contrast-enhanced CT, gadoxetic 
acid-enhanced MRI, and ultrasound were extensively used 
to build nomograms. However, these thousands of radiomic 
features could only be obtained by specific computers and 
software (4,5,25-28). Therefore, they were not practical 
for surgeons’ use. Lei et al. also built an MVI-predictive 
model for patients with HBV-related HCC (29). However, 
HBV-related HCC is mainly common in China, while our 
model is applicable for the MVI prediction of HCC of all 
different etiologies. In the present study, hematological 
tests including inflammatory and tumor markers of HCC 
and imaging features of contrast-enhanced MRI are all 
accessible, and the nomogram has high accuracy, good 
discrimination and high net-benefit for surgeons’ use. 

In a multicenter clinical trial containing 1,109 patients 
with solitary HCC, Shindoh et al. found that MVI presence 
was not associated with poor prognosis of small HCC  
(≤2 cm) (30). Thus, the relation between presence of MVI 
and prognosis of HCC is still controversial. Therefore, 
tumors with diameters larger than 5 cm were included in 
our study. Presence of MVI in advanced HCC is common, 
so we excluded cases with tumor diameter larger than 10 
cm (31). Tumor diameter was an independent risk factor of 
MVI in our study. Surgeons can choose suitable resection 
margin based on the nomogram score.

Recently, PIVKA-II has been adopted as biomarker 
for the early detection of HCC. Previous studies found 
that PIVKA-II can improve angiogenesis around HCC  
tissues (32). Fujikawa et al. used human umbilical vein 
endothelial cells (HUVEC) to analyze the angiogenic 
effects of PIVKA-II (33). The results showed that 
PIVKA-II can promote DNA synthesis and HUVEC 
migration.  Wang et  a l .  found that  PIVKA-II can 
promote the expression of various angiogenic factors 
in HCC cells, including vascular endothelial growth 

Table 3 Performance of the prediction Nomo-score for estimating 
the risk of MVI

Variable
Value (95% CI)

Training cohort Validation cohort

Cutoff value 0.42 0.42

AUC 0.82 (0.78–0.857) 0.80 (0.77–0.837)

Sensitivity, % 74.8 (68.5–80.4) 79.1 (73.7–83.1)

Specificity, % 76.6 (71.2–81.5) 70.2 (65.5–74.6)

Positive predictive 
value, %

71.5 (65.2–77.3) 66.8 (61.6–71.6)

Negative predictive 
value, %

79.5 (74.1–84.2) 81.3 (76.8–85.3)

Positive likelihood 
ratio

3.20 (2.55–4.01) 3.17 (2.1–4.7)

Negative likelihood 
ratio

0.32 (0.26–0.41) 0.36 (0.26–0.49)

Accuracy 75.8 74.04

MVI, microvascular invasion; AUC, area under curve.
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factor (VEGF), transforming growth factor-β (TGF-β), 
and bas ic  f ibroblast  growth factor  (bFGF) (34) .  
The above research results suggested that PIVKA-II 
secreted by liver cancer may induce angiogenesis in tissues 
surrounding liver cancer, and then affect the prognosis of 
patients. Poté et al. found that PIVKA-II can predict MVI (9).  
In our study, we chose 40 and 400 mAU/mL as the split 

points to divide PIVKA-II for three levels, based on 
previous studies. The results showed that PIVKA-II more 
than 400 mAU/mL yielded a high risk of MVI.

ALP exists in various tissues, and is more abundant 
in liver and bone. ALP expression increases significantly 
in cholestatic and hepatobiliary diseases. Wang et al. 
uncovered that high ALP was an independent risk factors 

Figure 6 The ROC curve of the prognostic nomogram, hematological test model, imaging features model and combined model in the 
training (A) and validation cohorts (B). Decision curve analysis (DCA) of each model in predicting MVI for HCC patients. The vertical 
axis measures standardized net-benefit. The horizontal axis shows the corresponding risk threshold. The DCA shows that if the threshold 
probability is between 0 and 0.8, using the present nomogram derived from this study (red curve) to predict MVI presence provides a greater 
benefit than the hematological test model (green curve) and Imaging features alone (orange curve) in previous studies. Notes: The DCA 
curve for training cohort (C) and validation cohort (D) are also shown.
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for poor overall survival (OS) (35). Du et al. also found that 
serum ALP level in HCC patients was a predictive indicator 
of bone metastasis (36). However, the mechanism was not 
very clear. One study presented that ALP and ALP-to-
lymphocyte ratio (ALR) count were independent predictors 
of MVI (37). In the present study, we also found that 
abnormal ALP values contributed greatly to the occurrence 
of MVI. 

Four significant imaging features (tumor diameter, 
number, infiltrative border with irregular shape and 
pseudo-capsules) that reflect tumor aggressiveness were 
also included in our model. The expansive growth of tumor 
results in mechanical compression of the adjacent liver 
parenchyma leading to ischemic, necrotic damage, and 
capsule formation. Thus, tumors with infiltrative growth 
promote capsule formation (38). This may be due to the 
uneven distribution of tumor neovascularization or the 
complexity of tumor components, such as tumor bleeding, 
necrosis, or fat-containing ingredients such as iron. 
Intratumor inhomogeneous was also included in our model.

This model has good clinical applicability. The optimal 
cut-off value of the Nomo-score was determined to be 
0.42. The specificity, and sensitivity of differentiating 
the presence or absence of MVI were 87.3% and 72.2%, 
respectively. DCA showed that our model had higher net-
benefit compared to other predictive models based only 
on hematological or imaging features. It also improved the 
reclassification performance.

Although some studies showed that anatomical resection 
did not promote the prognosis, the mainstream view is that 
anatomical liver resection is better than local resection, 
which can reduce intrahepatic metastasis of HCC through 
portal veins (39-41). MVI is considered to be the initial 
form of HCC metastasis through the portal vein, and an 
important sign of HCC aggressiveness and poor prognosis 
(42,43). Our result showed that compared to patients 
with narrow resection margin (0.5–1 cm), those with wide 
resection margin (>1 cm) had a significantly lower 3-year 
recurrence rate. That suggests that resection with wide 
margin for the treatment of MVI-positive HCC patients 
has a better DFS. MVI is a significant factor that affects the 
recurrence of HCC after hepatectomy. Thus, we chose to 
analyze the effect of resection with wide margin (≥1 cm) 
on the DFS of MVI-positive HCC patients rather than 
OS. Due to liver background lesions and tumor location, 
surgeons often encounter situations where anatomical 
resection cannot be completed or only completed with 
thin resection margin. The result of this study can help T
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surgeons choose an appropriate treatment strategy such as 
neoadjuvant therapy for HCC patients.

Some limitations in our study should be noted. First, 
potential selection bias may impact the reliability and 
reproducibility of the model because the trial was carried 
retrospectively. Secondly, this study was based on single-
center experience. Thus, further clinical studies are needed 
to evaluate its accuracy. Thirdly, in contrast to previous 
reports, ALP, PIVKA-II (within 40–400 or ≥400 mAU/mL),  
intratumor inhomogeneous imaging or with necrosis and 
hemorrhage were included in our model. Therefore, we 
need more external validation cohort to validate our model.

Conclusions 

This study developed and validated a diagnostic and 
practical preoperative predictive model of MVI that 
combined hematological test and imaging features of 
contrast-enhanced MRI [including tumor diameter, ALP 
(>125 U/L), AFP (within 20–400 or ≥400 ng/mL), PIVKA-
II (within 40–400 or ≥400 mAU/mL), multiple tumors, 
pseudo-capsule, infiltrative border with irregular shape, 
and intratumor inhomogeneous]. The present nomogram 
performed well in discrimination and accuracy of MVI 
prediction in both training and validation cohorts and 
showed higher net-benefit compared to other predictive 

Figure 7 Effect of wide resection margin on the prognosis of MVI-positive HCC patients. In MVI-positive HCC patients with tumor 
diameter less than 5 cm, it showed that resection with wide margin (≥1 cm) of HCC patients had a better DFS than those with narrow 
margin (0.5–1 cm) (A). In MVI-negative group, there are not statistically significant differences in DFS between the two group (B). The 
same conclusion was drawn from the other group with tumor diameter more than 5 cm (C,D).
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models based on only hematological or imaging features. 
It also improved the reclassification performance. This 
study also found that resection with wide margin for the 
treatment of MVI-positive HCC patients had a better DFS. 
Therefore, the model can help surgeons decide if a wide 
resection margin is needed based on the nomogram score 
and, therefore, choose an appropriate treatment strategy 
such as neoadjuvant therapy or molecular targeted therapy 
for advanced HCC stages.
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Supplementary

Appendix 1 Detailed descriptions of the 
statistical methodology

LASSO and 10-fold cross-validation was used to 
select and sort the statistically significant MVI related 
features in the training cohort. A log partial likelihood 
minimization was carried out under the constraint of the 
sum of the absolute values of the parameters multiplied by a  
constant (44).

ˆ arg min ( ), jl subject to tβ β β= ∑ ≤

where ˆ arg min ( ), jl subject to tβ β β= ∑ ≤ is parameter obtained through LASSO 

algorithm, l(β) denotes the log-partial likelihood in the 
logistic regression model, and t >0 represents a constant. 
The LASSO algorithm automatically selects variables and 
shrinks some coefficients and reduces others to exactly 0 via 
the absolute constraint. In this study, the constant t was set 
at 0.01, and 8 nonzero coefficients were selected through 
LASSO algorithm for the present model (45).

Appendix 2 Analysis of DCA

The DCA was conducted to evaluate the clinical utility 
of this nomogram. The clinical utility of different MVI 
prediction models mentioned in this manuscript were 
compared and assessed through DCA after analyzing the 

net benefits within the range of threshold probabilities (46).  
The theory and computational method of the DCA is 
illustrated with the following equation:

1a c Pt
d b Pt
− −

=
−

When comparing two models for predicting or 
diagnosing a disease, b indicates net benefit from treated 
patients based on the model and d indicates net benefit 
from treating all patients. a–c represents net benefit for 
the untreated, which also can be interpreted as number of 
avoidable treatments. Pt is the threshold probability.
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Table S1 Major packages of R software used in this study

Functions R package

Data Cleansing fastStat

LASSO regression glmnet

Univariate logistic regression analysis glm

ROC and AUC pROC

For ROC analysis to determine optimal cutoff value OptimalCutpoints

Plot calibration curves rms

DCA rmda

NRI and IDI PredictABEL



Table S2 Univariate Logistic Regression Analysis of MVI Presence in the Training Cohort

Variable P Value OR (95% CI)

Age, y 0.001 0.977 0.964−0.991

Gender, male vs. female 0.076 1.445 0.962−2.17

TB, >20.4 vs. ≤20.4 μmol/L 0.899 0.967 0.58−1.615

DB, >6.8 vs. ≤6.8 μmol/L 0.683 1.077 0.754−1.54

ALB, >35−55 vs. ≤35−55 g/L 0.945 1.025 0.502−2.096

ALT, >50 vs. ≤50 U/L 0.75 1.069 0.71−1.61

AST, >40 vs. ≤40 U/L 0.004 1.774 1.198−2.627

ALP >125 vs. ≤125 U/L 0.001 4.435 2.502−7.861

GGT >60 vs. ≤60 U/L 0.001 1.641 1.212−2.222

TC, >5.2 vs. ≤5.2 mmol/L 0.063 1.518 0.978−2.355

TG, >60 vs. ≤60 U/L 0.012 1.772 1.135−2.767

ApoA1, >1.7 vs. ≤1.7 g/L 0.194 0.751 0.488−1.157

ApoB1, >1.55 vs. ≤1.55 g/L 0.023 4.505 1.229−16.511

ApoE, >53 vs. ≤53 mg/L 0.465 1.144 0.798−1.639

Cr, >115 vs. ≤115 μmol/L 0.274 0.521 0.162−1.676

Glu, >5.6 vs. ≤5.6 mmol/L 0.1 1.335 0.946−1.883

AFP, ng/ml 

20−400 vs. ≤20 0.003 1.725 1.2−2.481

≥400 vs. 20−400 0.001 4.257 2.886−6.279

CEA, >5vs. ≤5 ng/ml 0.171 0.718 0.446−1.154

CA199, >34 vs. ≤34 U/ml 0.214 1.274 0.869−1.868

PLT, ≤125 vs. >125 10^9/L 0.351 0.863 0.633−1.176

PT, >13 vs. ≤13 seconds 0.651 1.14 0.647−2.009

PIVKA−II, mAU/ml

40−400 vs. ≤400 0.001 2.179 1.537−3.088

≥400 vs. 20−400 0.001 5.301 3.417−8.223

HBV DNA load, IU/ml

>10^4 vs. ≤10^4 0.152 1.253 0.92−1.705

HCV, Yes vs. No 0.845 1.318 0.082−21.156

Child−Pugh class, A vs. B 0.623 1.542 0.234−2.223

No. of tumors, Solitary vs. Multiple 0.027 1.632 1.057−2.519

Pseudo−capsule

Ill−defined vs. well−defined 0.004 0.645 0.476−0.873

Tumor diameter, cm 0.001 1.856 1.54−2.238

Cirrhosis, Yes vs. No 0.697 0.942 0.699−1.27

Tumor boundary

non−smooth vs. smooth 0.247 0.827 0.6−1.141

tumor growth pattern

irregular vs. regular 0.001 2.627 1.935−3.566

Intratumor inhomogeneous

present vs. absent 0.001 2.501 1.718−3.641

Arterial enhancement

hypo−/mild vs. hyper− 0.346 2.23 0.774−3.42

Washout, absent vs. present 0.127 1.02 0.33−1.26
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Table S3 Evaluation of the models with respect to NRI and IDI

Characteristic

Training cohort Validation cohort

Categorical  
NRI (95% CI)

Continuous  
NRI (95% CI)

IDI (95% CI)
Categorical  

NRI (95% CI)
Continuous  

NRI (95% CI)
IDI (95% CI)

The combined model, vs.

Hematological test model 0.379 (0.284 −0.474) 0.7954 (0.633−0.958) 0.152 (0.119−0.184) 0.28 (0.13−0.43) 0.64 (0.381−0.898) 0.103 (0.06−0.146)

Resection margin model 0.337 (0.239−0.435) 0.719 (0.553−0.884) 0.125 (0.096−0.155) 0.367 (0.205−0.529) 0.817 (0.568−1.067) 0.0.214 (0.157−0.27)

P value P<0.001*** (both) P<0.001*** (both) P<0.001*** (both) P=0.001***, (both) P<0.001*** (both) P<0.001*** (both)

*: P<0.05; **: P<0.01; ***: P<0.001

Figure S1 The DCA analysis of the nomogram, pathological features model, resection margin model in recurrence prediction of HCC in the training (A) and validation cohort (B). 
The DCA shows that present nomogram derived from this study (red curve) predicting recurrence of HCC provides a greater benefit than the pathological features model (green 
curve) and resection margin model alone (orange curve) in previous studies within 0 to 0.8 threshold probability.
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