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Abstract 

Background: Microvascular invasion (MVI) is a histological factor that is closely related to the early recurrence of 
hepatocellular carcinoma (HCC) after resection. To investigate whether a noninvasive risk score system based on MVI 
status can be established to estimate early recurrence of HCC after resection.

Methods: Between January 2018 to March 2021, a total of 108 patients with surgically treated single HCC was 
retrospectively included in our study. Fifty‑one patients were pathologically confirmed with MVI and 57 patients were 
absent of MVI. Univariate and multivariate logistic regression analysis of preoperative laboratory and magnetic reso‑
nance imaging (MRI) features were used to screen noninvasive risk factors in association with MVI in HCC. Risk scores 
based on the odds ratio (OR) values of MVI‑related risk factors were calculated to estimate the early recurrence after 
resection of HCC.

Results: In multivariate logistic regression analysis, tumor size > 2 cm (P = 0.024, OR 3.05, 95% CI 1.19–11.13), Pro‑
thrombin induced by vitamin K absence‑II > 32 mAU/ml (P = 0.001, OR 4.13, 95% CI 1.23–11.38), irregular tumor margin 
(P = 0.018, OR 3.10, 95% CI 1.16–8.31) and apparent diffusion coefficient value < 1007 ×  10− 3mm2/s (P = 0.035, OR 2.27, 
95% CI 1.14–7.71) were independent risk factors correlated to MVI in HCC. Risk scores of patients were calculated and 
were then categorized into high or low‑risk levels. In multivariate cox survival analysis, only high‑risk score of MVI was 
the independent risk factor of early recurrence (P = 0.009, OR 2.11, 95% CI 1.20–3.69), with a sensitivity and specificity 
of 0.52, 0.88, respectively.

Conclusion: A risk score system based on MVI status can help stratify patients in high‑risk of early recurrence after 
resection of HCC.

Keywords: Microvascular invasion, Hepatocellular carcinoma, Risk score, Recurrence

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Hepatocellular carcinoma (HCC) is the most com-
mon liver cancer worldwide and the recurrence rate at 
5 years after surgery for eligible patients with HCC is as 
high as 70% [1–3]. Early recurrence is currently consid-
ered as intrahepatic reoccurrence of primary HCC dur-
ing the first two years after surgery and is associated 
with worse overall survival. The aggressiveness of several 
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pathological factors of HCC, including low tumoral dif-
ferentiation, microvascular invasion, is high-risk for early 
recurrence after resection [3–5].

Microvascular invasion (MVI) is one of the most 
important histological features that is closely related to 
postoperative early recurrence of HCC [6]. The treat-
ments decision making may be changed for HCC patients 
with MVI [7, 8]. Though MVI can only be identified by 
histology, considerable efforts have been made to provide 
a noninvasive method to predict MVI status of HCC. 
Currently, α-fetoprotein (AFP) and Prothrombin induced 
by vitamin K absence-II (PIVKA-II) are important serum 
tumor markers in the detection of HCC [9–12]. The ele-
vated serum level of PIVKA-II is associated with MVI 
and tumor recurrence [12]. The radiological methods 
including morphologic features and quantitative imag-
ing parameters have been widely explored for predict-
ing MVI status in HCC [13–18]. Some imaging features 
such as the tumor size, irregular shape, tumoral or peri-
tumoral enhancement pattern, capsule appearance et al., 
are valuable characteristics of evaluating MVI. The fur-
ther quantitative analyses of the radiomics or deep learn-
ing approaches are promising but technically complex 
in regarded as “black box” [19, 20]. Unfortunately, a reli-
able predictive model of MVI in consensus for estimat-
ing recurrence-free survival of patients after resection of 
HCC for an easier clinical use is still in lack.

Several previous studies have established a predic-
tive model derived from MRI variables to directly esti-
mate the risk of early recurrence after resection of HCC 
[21–24]. However, in these MR imaging-based models, 
the relationship between the risk factors and MVI was 
unclear, so these risk factors cannot replace the crucial 
role of pathologically determined MVI status for pre-
dicting early recurrence. Whether a predictive model of 
MVI can be used to predict postoperative early recur-
rence needs to be identified. We proposed that a simpli-
fied point scale can reflect the impact of each variable on 
MVI for patient risk stratification of early recurrence and 
thus benefit patients from therapeutic decision making.

In our study, we aimed to develop a noninvasive risk 
score system based on MVI to establish a predictive 
model for prognostic stratification of early recurrence in 
HCC patients after resection.

Materials and methods
Study population
This is a retrospective study with ethics commit-
tee approved by the local institutional review board 
(approval number 2020-KY002-01) and the requirement 
for written informed consent waived. Between January 
2018 to March 2021, 143 patients in suspicious of hav-
ing HCCs were consecutively included in our study, after 

reviewing the institutional radiological and histological 
database. Inclusion criteria: (1) pathological diagnosis of 
single HCC after surgery in confirmation with or with-
out MVI; (2) having preoperative MRI and laboratory 
tests no more than 2 weeks before surgery; (3) receiving 
no preoperative adjuvant treatments. 35 patients were 
excluded for: (1) 3 patients having two or multiple HCCs; 
(2) 6 patients having no preoperative MRI; (3) 15 patients 
having preoperative adjuvant TACE or targeted thera-
pies; (4) 9 patients having been using relevant drugs (e.g. 
vitamin K and warfarin) that may affect the results of the 
PIVKA-II test; (5) 2 patients followed up for less than 6 
months (Fig. 1). Finally, a total of 108 patients with path-
ologically single HCC was included in our analysis, with 
51 patients were presence of MVI and 57 were absence of 
MVI.

Baseline characteristics and imaging variables
The baseline characteristics of patients including age, 
gender, etiology, alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), serum alpha-fetoprotein 
(AFP), PIVKA-II level and maximum tumor diameter 
were recorded. The PIVKA-II level was measured on an 
instrument (ARCHITECT i 2000SR) by using the same 
batch of PIVKA-II test reagents manufactured by the 
company (Abbott, USA). A PIVKA-II level > 32 mAU/ml 
is considered positive.

First, two experienced radiologists in consensus evalu-
ated the following MR imaging features: (1) the maxi-
mum tumor diameter, measured on the pre-contrast 
phase during dynamic contrast-enhanced MRI; (2) tumor 
margin, categorized as smooth and irregular tumor mar-
gin; (3) presence or absence of capsule enhancement; (4) 
apparent diffusion coefficient (ADC) values, measured 
three times at each section of the whole tumor, and the 
average value of the three times was calculated. Risk 
scores were simplified by rounding odds ratio (OR) val-
ues of risk factors of MVI to nearest half for establishing 
a predictive model of early recurrence. To test the repro-
ducibility of the risk score system, the risk score of MVI 
for each HCC patient based on significant imaging fea-
tures was assessed by a third radiologist independently 
for evaluating the inter-observer agreement.

MRI protocol
All MRI examinations were performed using a Ger-
man Siemens 1.5 T magnetic resonance scanner with a 
body phased array coil. The standard imaging protocol 
included transverse T1-weighted fat suppression imaging 
(repetition time (TR):132.00ms, echo time (TE):5.09ms, 
bandwidth (BW):179.00, flip angle (FA):60.00°, 
slice thickness: 6.00  mm, layer spacing: 1.80  mm), 
T2-weighted cross-sectional fat suppression imaging 
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(TR:5500.18ms, TE:101.00ms, BW: 260.00, FA:140.00°, 
slice thickness:6.00  mm, layer spacing:1.80  mm), diffu-
sion-weighted imaging (b = 800s/mm2) and apparent 
diffusion coefficient (ADC, TR:5574.23ms, TE:72.00ms, 
BW:1736.00, FA: 90.00, slice thickness:6.00  mm, layer 
spacing:1.80 mm). The contrast agent gadopentetate was 
injected intravenously at a rate of 2 ml/s at 0.2 mmol/
kg and flushed with saline. Scans of arterial, portal and 
delayed phases were taken at 22s, 60 and 180 s post-injec-
tion, respectively.

Pathological diagnosis of MVI
The “7-point” baseline sampling method was used, with 
1:1 sampling of tumor and peritumoral liver tissue at 12, 
3, 6 and 9 points of the tumor [7]. The pathological diag-
nosis report included description of the gross specimen, 
immunohistochemical staining, and MVI status. MVI 
was diagnosed as presence of nesting clusters of tumor 
cells in the portal vein branches, hepatic vein or endothe-
lium-lined vasculature under the microscope.

Follow‑up
For HCC patients after resection, ultrasound and 
serum AFP test were performed every 3 months dur-
ing the first 2 years and every 6 months thereafter dur-
ing follow-up. All patients were follow-up for at least 6 
months until the end of our study. Dynamic contrast-
enhanced CT/MRI or 18 F-fluorodeoxyglucose positron 

emission tomography (PET-CT) would be performed 
for further evaluation if patients have suspicious recur-
rence detected on US or with elevated AFP during fol-
low-up. The intrahepatic recurrence was identified by 
either pathological findings or typical imaging features 
of HCC [25, 26]. Early recurrence was defined as intra-
hepatic recurrence during the first 2 years after resec-
tion of HCC [3].

Statistical analysis
Student’s t-test was used for comparison between 
normally distributed variables that expressed as 
mean ± standard deviation. Mann–Whitney U test 
were used for comparison between non-normally dis-
tributed variables that expressed as median with range 
in parentheses. Chi-square test was used for compari-
son between categorical groups. Univariate and mul-
tivariate logistic regression was applied to screen the 
independent risk factors of MVI and early recurrence. 
OR with 95% confidence interval (95% CI) were calcu-
lated. Inter-correlation coefficient (ICC) of risk scores 
was calculated between two observers. Risk scores with 
ICC value greater than 0.75 were considered of good 
reproducibility [27]. The receiver operating character-
istic (ROC) curve of ADC value with area under ROC 
curve (AUC) and the cutoff value calculated. The sen-
sitivity, specificity of risk score levels were calculated. 
P value < 0.05 was considered a statistically significant 

Fig. 1 Flowchart of excluded patients in our study
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difference. SPSS software (version 21.0; SPSS, Chicago, 
Ill) was used for data analysis.

Results
Patient characteristics
A total of 108 HCC patients (94 males and 14 females) 
were included in our study. Among the 108 patients, 
51 patients were presence of MVI and 58 patients 
were absence of MVI, with an average age of 61 years. 
The mean follow-up time of all 108 HCC patients was 
16.9 ± 9.1 months (range: 6–36 months). During follow-
up, 46 (42.6%) patients had early recurrence of HCC after 
resection, with an average time to early recurrence of 
13.3 ± 6.5 months.

.

Risk factors of MVI
The demographic, laboratory and imaging charac-
teristics were demonstrated in Table  1. The results 
showed that tumor diameter, serum PIVKA-II level, 
tumor shape and ADC values were significantly dif-
ferent between MVI positive and negative groups. 
The AUC of ADC value for predicting MVI in 
HCC is 0.849 (0.776–0.922) with a cut-off value of 
1007 ×  10− 3mm2/s. In univariate analysis, the risk 
factor of tumor size > 2  cm, PIVKA-II > 32 mAU/
ml, irregular shape, ADC < 1007 ×  10− 3mm2 and cap-
sule enhancement were associated with MVI in HCC 
patients (all P < 0.05). In multivariate analysis, tumor 
size > 2  cm (P = 0.024, OR 3.05, 95% CI 1.19–11.13), 

Table 1 Comparisons of baseline variables between MVI‑positive and MVI‑negative groups

*P value were calculated by using Mann-Whitney U test

**Data were compared using the Fisher’s exact test

PIVKA-II: prothrombin induced by vitamin-K-absence-II; ADC: apparent diffusion coefficient

Variable MVI (+) MVI (−) P value

Age (years) 61 ± 11 61 ± 9 0.969

Sex 0.355

  Male 46 48

   Female 5 9

Etiology 0.867 **

   Hepatitis B virus 47 53

   Hepatitis C virus 2 3

  None or other 2 1

 Aspartate aminotransferase (IU/L) 40.5 ± 30.7 33.5 ± 33.2 0.259

 Alanine aminotransferase (IU/L) 39.7 ± 35.0 32.4 ± 38.9 0.310

Histological grade 0.642

  Low 26 31

  High 21 30

 Tumor diameter (cm) 46.9 ± 28.6 23.3 ± 10.5 < 0.001

  > 2 cm 34 10 < 0.001

  ≤  2 cm 17 47

 Alpha‑fetoprotein (ng/ml) 742.4 (1.5‑27738.3) 172.7 (1.2‑3634.5) 0.093*

  ≥ 20 ng/ml 22 20 0.433

  < 20 ng/ml 29 37

 PIVKA‑II (mAU/ml) 3526.4 (16.7‑30000) 412.8 (12.1‑14817) < 0.001*

  > 32 mAU/ml 40 18 < 0.001

  ≤  32 mAU/ml 11 39

Tumor shape 0.001

  Irregular 29 15

  Smooth 22 42

  ADC (×10− 3  mm2/sec) 930.7 ± 102.3 1059.5 ± 127.4 < 0.001

Capsule enhancement 0.103

  Presence 33 28

  Absence 18 29
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PIVKA-II > 32 mAU/ml (P = 0.001, OR 4.13, 95% CI 
0.23–11.38), irregular shape (P = 0.018, OR 3.10, 95% 
CI 1.16–8.31) and ADC < 1007 ×  10− 3 mm2 (P = 0.035, 
OR 2.27, 95% CI 1.14–7.71) were independent risk 

factors of MVI (Table 2). Table 3 demonstrated that the 
ICC of risk scores from significant imaging features in 
multivariate analysis was 0.881 (95% CI 0.830–0.917).

Prognostic stratification based on risk score
The risk score was weighted based on the OR values of 
MVI in multivariate analysis. The risk score of tumor 
size > 2  cm, PIVKA-II > 32 mAU/ml, irregular tumor 
margin and ADC < 1007 ×  10− 3mm2/s was 3, 4, 3, 2 
points, respectively. The risk factors of tumor size > 2 cm, 
PIVKA-II > 32.01 mAU/ml, ADC < 1007 ×  10− 3mm2/s 
and high histological grade were significantly different 
between patients with or without early recurrence while 
irregular tumor shape showed no statistical significance 
(Table  4). The risk score ranged from 0 to 12 points. 
Patients were then categorized into low-risk (risk score: 
0–7 points) and high-risk (risk score: 8–12 points) levels. 
The high or low-risk score level can significantly stratified 
prognostic difference of early recurrence (P < 0.001), with 
a relative low sensitivity of 0.52 but high specificity of 
0.88 for estimating early recurrence. Among 108 patients 

Table 2 Univariate and Multivariate analysis of risk scores for MVI in HCC.

PIVKA-II: prothrombin induced by vitamin-K-absence-II; ADC: apparent diffusion coefficient; OR: odds ratio; 95% CI: 95% confidence interval

Univariate Multivariate
OR (95% CI) P OR (95%CI) P Risk score

Age 0.98 (0.95–1.02) 0.337

Sex 0.13 (0.02–1.15) 0.067

Hepatitis B virus 1.02 (0.97–1.04) 0.967

Size > 2 cm 9.40 (3.83–23.05) < 0.001 3.05 (1.19–11.13) 0.024 3

Alpha‑fetoprotein ≥ 20 ng/ml 1.40 (0.65–3.05) 0.392

PIVKA‑II >32 mAU/ml 7.88 (3.30‑18.81) < 0.001 4.13 (1.23–11.38) 0.001 4

Irregular Shape 3.69 (1.64–8.29) 0.002 3.10 (1.16–8.31) 0.018 3

ADC < 1007 ×  10− 3mm2/s 3.97 (1.78–8.85) 0.001 2.27 (1.14–7.71) 0.035 2

Capsule enhancement 0.51 (0.36–0.93) 0.034 1.90 (0.88–4.12) 0.105

Alanine aminotransferase 1.01 (0.94–1.02) 0.324

Aspartate aminotransferase 1.01 (0.99–1.08) 0.279

Table 3 Reproducibility in the evaluation of risk scores between 
two observers

ICC: Inter-correlation coefficient

Observer 1 Observer 
2

ICC (95%CI)

Number of patients

 Size > 2 cm 44 51

 PIVKA‑II >32 mAU/ml 58 58

 Irregular Shape 44 47

 ADC < 1007 ×  10− 3mm2/s 51 56

 High‑risk of MVI (8–12 point) 38 40

 Low‑risk of MVI (0–7 point) 70 68

 Risk score 5.5 ± 4.1 5.9 ± 3.9 0.881 (0.830–
0.917)

Table 4 Comparisons of MVI‑related risk factors between presence and absence of early recurrence of HCC after resection

PIVKA-II: prothrombin induced by vitamin-K-absence-II;

ADC: apparent diffusion coefficient

Risk factors No. of patients Early recurrence No early recurrence P

Tumor size > 2 cm 44 25 19 0.048

PIVKA‑II >32.01 mAU/ml 58 33 25 0.010

Irregular Shape 44 22 22 0.439

ADC < 1007 ×  10− 3mm2/s 51 31 20 0.002

High histological grade 47 31 16 0.006

Risk level of MVI* < 0.001

 High‑risk (8–12 point) 38 29 9

 Low‑risk (0–7 point) 70 26 44
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of HCC, 70 patients had low-risk scores of MVI (Fig. 2) 
and 26 of them (26/70, 37.1%) had early recurrence; 38 
patients had high-risk scores of MVI and 29 of them 
(29/38, 76.4%) had early recurrence (Fig.  3). In univari-
ate cox survival analysis, tumor size > 2 cm, PIVKA-II>32 
mAU/ml, ADC < 1007 ×  10− 3mm2, high histological 
grade and high-risk score of MVI were statistically sig-
nificant risk factors of early recurrence. In multivariate 
cox survival analysis, only high-risk score of MVI was 
independent risk factor of early recurrence (P = 0.009, 
OR 2.11, 95% CI 1.20–3.69) (Table 5). The Kaplan-Meier 
curves in Fig. 4 showed that the RFS in high-risk group of 
MVI was worse than low-risk group of MVI (P = 0.0014).

Discussion
Our study developed a simple risk score based on MVI 
status by evaluation of preoperative radiological and 
laboratory characteristics. A high-risk score of MVI can 
provide a reliable prognostic stratification in early recur-
rence of HCC after resection.

In recent years, many scholars have paid attention to 
the noninvasive evaluation of MVI in HCC, because MVI 

is one of the most important pathological factors in asso-
ciation with aggressiveness of tumor and postoperative 
early recurrence.

Our study found that PIVKA-II-positive HCCs were 
more likely to have MVI than PIVKA-II-negative HCCs. 
PIVKA-II promotes proliferation of HCC cells and 
induces angiogenesis in surrounding liver tissue, thus 
promote vascular invasion of HCC [28, 29]. Previously, 
Yu et  al. [15] found that the sensitivity of PIVKA-II in 
diagnosing HCC was higher than that of AFP, especially 
in early-stage HCC. The elevated level of PIVKA-II tests 
was associated with MVI in HCC [9, 12], which is in con-
sistent with our findings. In our multivariate analysis, the 
PIVKA-II showed the highest OR value among the risk 
factors, indicating that PIVKA-II was the most important 
risk factor related to MVI in HCC.

Our risk score system contained some important imag-
ing features in predicting MVI status of HCC. Consist-
ent with previous reports, the larger tumor size and 
irregular tumor margin were proposed as significant risk 
factors that related to MVI in HCC. As the tumor size 
increases during progresses, the risk of MVI and intrahe-
patic metastasis increases. Pawlik et al. [16] investigated 

Fig. 2  A 72‑year‑old patient with the HCC in the left lobe of liver were histologically confirmed of MVI negative status (risk score of 3 points) and 
did not have early recurrence during postoperative follow‑up. A Pre‑contrast phase; B Arterial phase; C Venous phase; D high b value map of DWI; E 
ADC map; F no MVI appearance under the microscope
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the relationship between the tumor size in 1073 HCC 
patients and MVI, and found that single HCC larger than 
5 cm had significantly increased incidences of MVI. The 
tumor margin evaluated on MRI reflects the pathologi-
cal characteristics of gross appearance. The gross types of 
“nodular with extranodular growth” and “multinodular 
confluent type” showing irregular tumor margin on MRI 
may have a higher incidence of MVI in HCC [30, 31]. 
The quantitative parameter of ADC value was included 
in our risk score because ADC reflects the extent of 
diffusion hindrance and mobility of water molecules 

and indicates tumor cellularity and microenvironment 
[32]. Previously, Suh et  al. [14] found that an ADC 
value ≤ 1.11 ×  10− 3mm2/s was an independent risk factor 
for predicting MVI with a high sensitivity and specificity 
of 93.5% and 72.2%, respectively. Xu et al. [15] reported 
that an ADC value ≤ 1.227 ×  10− 3mm2/s (b = 500s/  mm2) 
was an independent risk factor for predicting MVI in 
HCC small than 2  cm, with a sensitivity and specificity 
of 66.7% and 78.6%, respectively. In our risk score, ADC 
showed the lowest OR values among the risk factors, the 
reason may be that ADC values vary widely during meas-
urement and may not be adapted in generalization [33].

Many previous predictive models of MVI may have 
limited clinical utility because most models are not appli-
cable to the prognostic stratification of early recurrence. 
Also, several predictive models of early recurrence have 
been proposed but the relationship between predictive 
factors of early recurrence and MVI may be lack of inter-
pretation. Our proposed risk score based on MVI status 
is simple and easily to be evaluated, which may help cli-
nicians to estimate the prognostic stratification of early 
recurrence after resection with a pathology-based expla-
nation. Patients eligible for surgery with a high-risk score 
of MVI may have a higher rate of early recurrence so that 
the adjuvant therapy may be needed to be considered.

Fig. 3  A 56‑year‑old patient with the HCC in the right lobe of liver were histologically confirmed of presence of MVI (risk score of 12 points) and 
had early recurrence in 8 months after resection. A Pre‑contrast phase; B Arterial phase; C Venous phase; D high b value map of DWI; (E) ADC map; F 
presence of MVI under the microscope

Table 5 Cox survival analysis of MVI‑related risk factors and 
scores for early recurrence of HCC after Resection

PIVKA-II: prothrombin induced by vitamin-K-absence-II; ADC: apparent diffusion 
coefficient; HR: Hazard ratio

Univariate Multivariate

HR (95% CI) P HR (95%CI) P

Size > 2 cm 1.74 (1.02–2.96) 0.041 1.30 (0.56–3.05) 0.539

PIVKA‑II >32.01 mAU/ml 1.93 (1.08–3.46) 0.027 1.39 (0.62–3.12) 0.427

Irregular Shape 1.40 (0.81–2.41) 0.224

ADC < 1007 ×  10− 3mm2/s 1.95 (1.13–3.36) 0.016 1.71 (0.93–3.14) 0.082

High histological grade 1.82 (1.06–3.11) 0.028 1.34 (0.50–3.56) 0.504

High‑risk score of MVI 2.30 (1.35–3.94) 0.002 2.11 (1.20–3.69) 0.009
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Our study has limitations. First, due to the small sam-
ple size in this retrospective study, selective bias cannot 
be avoided. Only solitary HCC was enrolled in our study. 
Second, some other risk factors of MVI were previously 
reported but were not included in our analysis. In the lim-
ited sample size, we selected some commonly used fea-
tures that can be easily evaluated to facilitate a clinical use. 
Third, the risk score was established based on MVI status 
to provide a prognostic stratification of HCC patients. 
Whether there was potential intrahepatic metastasis or 
biliary infiltration indicating microinvasion in associa-
tion with early recurrence was unclear and intraoperative 
ultrasound would be suggested for further evaluation [34]. 
Finally, our risk score is preliminary and needs further 
external validation with use of prospective cohort.

In conclusion, we developed a risk score system 
based on MVI status of HCC by integrating the nonin-
vasive radiological and laboratory features to provide a 
stratification of patients in high-risk of early recurrence 
after resection, which is preliminary and needs further 
validation.
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