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Grading severity of microscopic vascular invasion was 
independently associated with recurrence and survival following 
hepatectomy for solitary hepatocellular carcinoma 
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Background: Hepatectomy is the preferred treatment for solitary hepatocellular carcinoma (HCC) 
without macrovascular invasion and distant metastasis, but long-term survival remains unsatisfactory in 
certain patients. We sought to identify whether the grading severity of microscopic vascular invasion (MVI) 
was associated with recurrence and survival among patients with solitary HCC.
Methods: Consecutive patients who underwent hepatectomy for solitary HCC were identified from a 
multicenter prospectively-collected database. Patients were categorized into three groups according to the MVI 
grading system proposed by the Liver Cancer Pathology Group of China: M0 (no MVI), M1 (1–5 sites of MVI 
occurring ≤1.0 cm away from the tumor), and M2 (>5 sites occurring ≤1.0 cm or any site occurring >1 cm away 
from the tumor). Recurrence-free survival (RFS) and overall survival (OS) were compared among the groups.
Results: Among 227 patients, 97 (42.7%), 83 (36.6%), and 47 (20.7%) patients had M0, M1, and M2, 
respectively. Median RFS rates among patients with M0, M1, and M2 were 38.3, 35.1, 11.6 months, 
respectively, while OS rates were 66.8, 62.3, 30.6 months, respectively (both P<0.001). Multivariate Cox-
regression analyses demonstrated that both M1 and M2 were independent risk factors for RFS (hazard ratio 
1.20, 95% CI: 1.03–1.89, P=0.040; and hazard ratio 1.67, 95% CI: 1.06–2.64, P=0.027) and OS (hazard ratio 
1.28, 95% CI: 1.05–2.07, P=0.035; and hazard ratio 1.97, 95% CI: 1.15–3.38, P=0.013).
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Introduction

Hepatocellular carcinoma (HCC) represents the fourth 
leading cause of cancer-related death worldwide with an 

estimated mortality of >1 million patients in 2025 (1,2). 
Endorsed by the American Association for the Study of 
Liver Diseases (AASLD) and the European Association for 
the Study of the Liver (EASL), the Barcelona Clinic Liver 
Cancer (BCLC) staging system indicates that solitary HCC 
without macrovascular invasion and distant metastasis (BCLC 
stage 0/A), regardless of tumor size, should be considered 
for curative-intent surgical treatment including hepatectomy 
and liver transplantation, which may provide a chance of cure 
(3-5). Unfortunately, long-term survival after hepatectomy 
for HCC is still compromised by high rates of postoperative 
recurrence, which can range from 40% to 60% within 5 years 
after surgery even among patients with solitary HCC (4,6-10).  
Therefore, a better understanding of clinicopathological 
characteristics and recurrence-related risk factors for patients 
with solitary HCC is needed. In particular, even though 
identified as “early stage” by the BCLC staging system, 
patients with solitary HCC can still be at a heterogeneous 
risk of recurrence, and a subset of patients may need more 
stringent recurrence surveillance and/or effective adjuvant 
therapy to improve long-term outcomes.

For solitary HCC, many studies have revealed that the 
most pivotal determinant of postoperative HCC recurrence 
is the presence of microscopic vascular invasion (MVI), 
which is widely regarded as a typical characteristic of HCC 
biological aggressiveness (8,11-17). The incidence of MVI 
in surgically resected specimens ranges from 15–57% among 
patients with solitary HCC, while the adjusted increased 
risk of postoperative recurrence after hepatectomy among 
patients with solitary HCC has been reported to be as high 
as 40–60% (4,6-10,18,19). MVI is generally defined as the 
presence of a cluster of tumor cells in microscopic vessels 
located in the peritumoral liver (20-22). However, the impact 
of MVI grading severity (i.e., the location and number of 
MVI as detected by microscopy in the peritumoral liver) on 
recurrence and survival after hepatectomy for HCC has not 
been well-defined (23,24).

In 2015, the Liver Cancer Pathology Group of China 
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Key findings 
• Grading severity of microscopic vascular invasion (MVI) was 

independently associated with recurrence-free survival (RFS) 
and overall survival (OS) following hepatectomy for solitary 
hepatocellular carcinoma (HCC).

• Enhanced surveillance for recurrence and potentially adjuvant 
therapy may be considered for patients with MVI, especially 
individuals with more severe MVI grading (M2).

What is known and what is new? 
• On the basis of the three-tiered MVI grading system proposed 

by the Liver Cancer Pathology Group of China, which combines 
the distance of MVI (under or over 1 cm) from the main tumor 
and the number of MVI detected under microscopy, the grading 
severity of MVI can be divided into three classifications: M0, M1, 
and M2. Several studies have noted that the presence of MVI is an 
aggressive biological characteristic of HCC, and MVI may be one 
of the most crucial risk factors for postoperative recurrence and 
worse survival following hepatectomy for HCC.

• The present study investigated the association between the grading 
severity of MVI and RFS and OS among patients with solitary HCC 
who underwent hepatectomy. Results showed that both M1 and M2 
were independent risk factors for RFS and OS, with median RFS 
rates of 35.1 and 11.6 months, and OS rates of 62.3 and 30.6 months, 
respectively. These findings suggest that enhanced surveillance for 
recurrence and potentially adjuvant therapy may be considered for 
patients with MVI, especially those with more severe MVI grading (M2).

What is the implication, and what should change now? 
• Prevention and early identification of HCC recurrence is an 

important significant strategy to improve long-term oncologic survival 
among patients undergoing hepatectomy for HCC. The data from 
the current study suggests that future clinical trials should target 
assessment of adjuvant therapy among patients with M2 MVI who 
were at the highest risk of postoperative recurrence and poor survival. 

• World-wide efforts to standardize a tissue sampling protocol and a 
grading system of MVI in HCC are required to decrease the gap in 
management of HCC among different countries.

Conclusions: Grading severity of MVI was independently associated with RFS and OS after hepatectomy 
for solitary HCC. Enhanced surveillance for recurrence and potentially adjuvant therapy may be considered 
for patients with MVI, especially individuals with more severe MVI grading (M2).
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(LCPGC) proposed a seven-point baseline sample collection 
and three-tiered MVI grading system (MVI-TTG), which 
has been used to standardize and refine histopathological 
diagnoses of MVI in resected HCC specimens. The MVI-
TTG system was based on the location and number of MVI 
detected on microscopy in the peritumoral liver (25), which 
divides the grading severity of MVI into three categories: 
M0, M1, and M2 (Figure 1). This MVI grading system 
represents an important grading system over the classic 
binary classification of “absent” versus “present”. The 
objective of the current study was to evaluate whether MVI 
grading severity using the MVI-TTG system was associated 
with recurrence and long-term survival after hepatectomy 
of solitary HCC. We present this article in accordance with 
the STROBE reporting checklist (available at https://hbsn.
amegroups.com/article/view/10.21037/hbsn-22-411/rc).

Methods

Patients undergoing curative-intent hepatectomy for 
HCC between March 2017 and September 2021 at three 

hepatobiliary centers [Department of Hepatobiliary 
Surgery, Eastern Hepatobiliary Surgery Hospital, Second 
Military Medical University (Navy Medical University); 
Department of General Surgery, Cancer Center, Division 
of Hepatobiliary and Pancreatic Surgery, Zhejiang 
Provincial People’s Hospital, Affiliated People’s Hospital, 
Hangzhou Medical College, Hangzhou; Department of 
Hepatobiliary Surgery, Mengchao Hepatobiliary Hospital, 
Fujian Medical University] in China were identified and 
included in the analytic cohort. The diagnosis of HCC was 
confirmed on postoperative histopathological examination. 
Curative hepatectomy was defined as complete macro- and 
microscopic removal of tumor(s) (R0 resection). Exclusion 
criteria included patients with: (I) less than 18 years old of 
age; (II) recurrent HCC; (III) gross vascular invasion; (IV) 
multiple tumors (more than 2 nodules); (V) R1 or R2 resection; 
(VI) preoperative anti-HCC treatment; and (VII) lost to follow-
up within 6 months after surgery or with missing potentially 
important prognostic variables, such as preoperative AFP level, 
tumor differentiation and resection margin in very few patients. 
This study was conducted in accordance with the Declaration of 
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Figure 1 Representative photomicrographs for MVI (the arrows indicate numerous tumor cells within vascular lumens) (A, H&E staining, 
×40; B, H&E staining, ×100); and representative diagrams of M1 and M2 status (C, M1 of MVI: 1–5 sites of MVI occurring ≤1.0 cm away 
from the tumor; D, M2 of MVI: >5 sites occurring ≤1.0 cm or any site occurring >1 cm away from the tumor). MVI, microvascular invasion; 
H&E, hematoxylin and eosin.  

https://hbsn.amegroups.com/article/view/10.21037/hbsn-22-411/rc
https://hbsn.amegroups.com/article/view/10.21037/hbsn-22-411/rc
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Helsinki (as revised in 2013). Institutional review board approval 
was obtained from Eastern Hepatobiliary Surgery Hospital 
of Shanghai (No. EHBHKY2021-K-035); informed consent 
for the usage of data for research from all the enrolled HCC 
patients was obtained on hospital admission.
Data collection

Clinical characteristics and operative variables relative to 
the patient, liver, tumor, and operation were collected. 
Patient-related factors included sex, age, obesity (body 
mass index >25 kg/m2), diabetes mellitus, American Society 
of Anesthesiologists (ASA) score. Liver-related factors 
included hepatitis B virus (HBV) infection, hepatitis C virus 
(HCV) infection, cirrhosis, portal hypertension, Child-Pugh 
grade. Tumor-related factors included preoperative alpha-
fetoprotein (AFP) level, tumor size, satellite nodules, tumor 
encapsulation and tumor differentiation. Operation-related 
factors included intraoperative blood loss, intraoperative 
blood transfusion, type of resection (anatomical or non-
anatomical), extent of hepatectomy (minor or major), and 
resection margin (<1.0 or ≥1.0 cm). Portal hypertension was 
defined as the presence of splenomegaly with esophageal 
varicosities. Minor hepatectomy was defined as removal of 
fewer than 3 Couinaud segments, while major hepatectomy 
was defined as removal of 3 or more segments. Anatomical 
resection was identified by the Brisbane 2000 system, while 
non-anatomical resection incorporated limited or wedge 
resections. In previously published studies, identification of 
number of HCC is based on preoperative radiological and 
clinical features, while satellite nodules and MVI can only 
be detected histopathlogically in resected liver specimens 
(25,26). We have published one correspondence on the 
difference between satellite nodules and MVI (27).

Grading severity of MVI

The 7-point baseline sampling protocol was performed 
on all the HCC specimens based on the “Evidence-
based Practice Guidelines for Standardized Pathological 
Diagnosis of Primary Liver Cancer in China” (25). Four 
tissue specimens were sampled at 3, 6, 9, and 12 o’clock 
positions at the junction of the tumor and the adjacent liver 
tissues in a 1:1 ratio, together with one specimen sampled at 
the intra-tumoral zone and two specimens sampled within 
1 cm from the tumor capsule and over 1 cm from the tumor 
capsule or tumor margin. The grading severity of MVI was 
identified by two senior pathologists based on the Chinese 
MVI-TTG system (25). MVI was defined as presence of 

a cluster of HCC cells within a vascular lumen space of 
liver tissue lined by endothelial cells, mainly seen in portal 
vessels branches detected on microscopy. Grading severity 
of MVI was graded as: M0 (no MVI), M1 (1–5 sites of MVI 
appearing in the tumor-adjacent liver tissue ≤1.0 cm away 
from the main tumor), M2 (>5 sites of MVI appearing in 
the tumor-adjacent liver tissue ≤1.0 cm, and/or any MVI 
occurring in distant liver tissue >1.0 cm away from the main 
tumor).

Follow-up

After discharge, patients were followed-up in accordance 
with a standardized surveillance protocol to assess for HCC 
recurrence. Specifically, surveillance was performed once 
every 2 or 3 months for the first 2 years and then every 
6 months afterwards. At each follow-up appointment, 
patients were screened with serum AFP level, as well 
as abdominal ultrasound imaging, contrast-enhanced 
computed tomography (CT) or magnetic resonance imaging 
(MRI) for surveillance of recurrence. When recurrence was 
suspected, patients underwent further examination such as 
positron emission tomography or bone scanning as clinically 
indicated. A diagnosis of tumor recurrence was based on 
the typical findings of dynamic MRI or CT, with or without 
elevation of serum AFP levels. Patients with confirmed 
recurrent HCC received further management under the 
evaluation by a multidisciplinary team that included the 
treating surgeon. 

Study endpoints

The study endpoints were recurrence-free survival (RFS) 
and overall survival (OS). RFS was calculated from the 
date of operation to the date of initial diagnosis of HCC 
recurrence, or the date of death or the last follow-up; OS 
was calculated from the date of operation to either the date 
of death or the date of the last follow-up.

Statistical analysis

Data were reported as mean ± standard deviation or 
frequency and percentage, as appropriate. Differences 
between groups were analyzed by the χ2 or Fisher exact 
probability test for categorical variables, and the student  
t-test or Mann-Whitney U test for continuous variables. 
RFS and OS were calculated using the Kaplan-Meier 
method and compared using the log-rank test. Univariate 
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and multivariate Cox proportional hazard regression 
analyses were used to identify risk factors contributing to 
RFS and OS following hepatectomy for solitary HCC. 
Variables with a P value of <0.10 on univariate analysis were 
subjected to multivariate Cox-regression model using a 
forward stepwise variable selection. All statistical tests were 
two-tailed and a value of P<0.05 was considered statistically 
significant. All analyses were performed using statistical 
software (SPSS 26.0, Inc., Chicago, IL, USA).

Results

Overall, 227 patients who underwent curative hepatectomy 
for solitary HCC (BCLC stage 0/A) were included in the 
analytic cohort (Figure 2); 203 (89.4%) were male and 
24 (10.6%) were female with a median age of 50 years. 
Postoperative microscopic examination of the resected 
surgical specimens demonstrated MVI grading severity M0, 
M1, and M2 in 97 (42.7%), 83 (36.6%), and 47 (20.7%) 
patients, respectively.

Comparisons of clinical characteristics and operative 
variables

Clinical characteristics and operative variables of three 
different MVI groups are noted in Table 1. There were 

differences noted among the three groups mainly related 
to tumor- and operation-related variables, including 
preoperative AFP level, tumor size, satellite nodules, tumor 
encapsulation, tumor differentiation, intraoperative blood 
transfusion, and extent of hepatectomy (all P<0.05). 
Comparisons of long-term oncologic outcomes

With a median follow-up of 42.7 (range, 2.6 to 70.8) 
months, 93 (41.0%) patients had died and 131 (57.7%) 
developed HCC recurrence. Table 2 demonstrates long-term 
oncologic outcomes among the three different MVI grading 
patient groups. In particular, overall recurrence rates among 
patients in the M0, M1, and M2 groups were 46.4% (45/97), 
57.8% (48/83), and 80.9% (38/47), respectively (P<0.001). 
Overall, 5-year mortality rates among these three groups 
were 28.9% (28/97), 39.8% (33/83), and 68.1% (32/47), 
respectively (P<0.001). Median RFS and OS among patients 
with M0, M1, and M2 were 38.3 and 66.8 months, 35.1 and 
62.3 months, and 11.6 and 30.6 months respectively (all 
P<0.001). 5-year RFS rates among patients in the M0, M1, 
and M2 groups was 44.4%, 36.5%, and 17.5%, respectively, 
while 5-year OS among patients in the M0, M1, and 
M2 groups were 60.7%, 57.4%, and 29.7%, respectively  
(Table 2). Compared with the M0 group, patients in both 
the M1 and M2 groups had decreased RFS [hazard rate (HR) 
1.29, 95% confidence interval (CI): 1.00 to 1.93, P=0.058; 

Screened patients who underwent curative-intent 
hepatectomy for HCC from Mar 2017 to Sep 2021 

at three hepatobiliary centers in China  
(n=702)

The analytic cohort of patients with solitary HCC 
(n=227)

Excluded
• Less than 18 years old  (n=5)
• Recurrent HCC  (n=95)
• With gross vascular invasion (n=88)
• Multiple tumors (n=178)
• Undergoing R1 or R2 resection (n=26)
• Receiving preoperative anti-HCC treatment (n=13)
• Lost to follow-up within 6 months (n=23)
• Missing important variables (n=47)

MVI: M1 
(n=83)

MVI: M0 
(n=97)

MVI: M2 
(n=47)

Figure 2 Flow chart of the study. HCC, hepatocellular carcinoma; MVI, microvascular invasion.
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and HR 2.51, 95% CI: 1.62 to 3.86, P<0.001, respectively) 
(Figure 3), as well as worse OS after hepatectomy for 
solitary HCC (HR 1.22, 95% CI: 0.90 to 1.86, P=0.089; 
and HR 2.85, 95% CI: 1.71 to 4.73, P<0.001, respectively) 
(Figure 4). 

Univariate and multivariate analyses of RFS and OS

Univariate and multivariate Cox-regression analyses of 
RFS and OS after hepatectomy for solitary HCC are noted 
in Tables 3,4. On multivariate analysis, compared with M0 
disease, M1 and M2 MVI were independently associated 
with worse RFS (HR 1.20, 95% CI: 1.03 to 1.89, P=0.040; 

and HR 1.67, 95% CI: 1.06 to 2.64, P=0.027, respectively) 
and worse OS (HR 1.28, 95% CI: 1.05 to 2.07, P=0.035; 
and HR 1.97, 95% CI: 1.15 to 3.38, P=0.013) after 
hepatectomy for solitary HCC.

In addition to MVI grading severity (M1 and M2), other 
independent risk factors associated with RFS included 
preoperative AFP >400 μg/L (HR 1.61, 95% CI: 1.12 to 
2.31, P=0.009), tumor size >5.0 cm (HR 2.31, 95% CI: 
1.49 to 3.58, P<0.001), satellite nodules (HR 1.59, 95% CI: 
1.06 to 2.39, P=0.024), intraoperative blood transfusion 
(HR 1.77, 95% CI: 1.20 to 2.60, P=0.004) and resection 
margin <1 cm (HR 1.92, 95% CI: 1.32 to 2.78, P=0.001) 
(Table 3). Other independent risk factors associated with OS 

Table 1 Comparisons of clinical characteristics and operative variables among the three patient groups with different grading severity of 
microscopic vascular invasion

Variables M0 (n=97) M1 (n=83) M2 (n=47) P value

Male sex 86 (88.7) 75 (90.4) 42 (89.4) 0.934

Age*, years 53±11 50±12 49±10 0.125

Obesity (body mass index >25 kg/m2) 24 (24.7) 24 (28.9) 14 (29.8) 0.750

Diabetes mellitus 5 (5.2) 9 (10.8) 2 (4.3) 0.233

ASA score >2 14 (14.4) 15 (18.1) 5 (10.6) 0.511

HBV (+) 85 (87.6) 75 (90.4) 42 (89.4) 0.840

HCV (+) 2 (2.1) 1 (1.2) 3 (6.4) 0.187

Cirrhosis 77 (79.4) 58 (69.9) 33 (70.2) 0.280

Portal hypertension 22 (22.7) 23 (27.7) 7 (14.9) 0.247

Child-Pugh grade

A 81 (83.5) 76 (91.6) 40 (85.1) 0.262

B 16 (16.5) 7 (8.4) 7 (14.9)

Preoperative AFP level >400 μg/L 23 (23.7) 36 (43.4) 25 (53.2) 0.001

Tumor size*, cm 5.2±3.1 7.3±4.1 8.4±4.6 <0.001

Satellite nodules 11 (11.3) 18 (21.7) 14 (29.8) 0.022

Incomplete tumor encapsulation 28 (28.9) 60 (72.3) 30 (63.8) <0.001

Poorly tumor differentiation 38 (39.2) 60 (72.3) 37 (78.7) <0.001

Intraoperative blood loss >600 mL 22 (22.7) 17 (20.5) 18 (38.3) 0.061

Intraoperative blood transfusion 21 (21.6) 17 (20.5) 20 (42.6) 0.011

Anatomical resection 30 (30.9) 37 (44.6) 17 (36.2) 0.166

Major hepatectomy 11 (11.3) 23 (27.7) 19 (40.4) <0.001

Resection margin <1.0 cm 39 (40.2) 43 (51.8) 25 (53.2) 0.193

Values in parentheses are percentages unless indicated otherwise. *, values are mean ± standard deviation. ASA, American Society of 
Anesthesiologists; HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, α-fetoprotein.
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Table 2 Comparisons of long-term outcomes among the three patient groups with different grading severity of microscopic vascular invasion

Variables M0 (n=97) M1 (n=83) M2 (n=47) P value

Death during follow-up 28 (28.9) 33 (39.8) 32 (68.1) <0.001

Recurrence during follow-up 45 (46.4) 48 (57.8) 38 (80.9) <0.001

Pattern of initial recurrence

Intrahepatic only 32 (33.0) 33 (39.7) 20 (42.5) 0.464

Extrahepatic only 6 (6.2) 5 (6.0) 4 (8.5) 0.840

Intra- & extrahepatic 7 (7.2) 10 (12.0) 10 (21.3) 0.050

RFS, months* 38.3 (27.8, 48.8) 35.1 (18.2, 52.0) 11.6 (6.2, 17.0) <0.001

1-year rate (%) 89.6 73.5 48.9

3-year rate (%) 54.6 48.8 29.5

5-year rate (%) 44.4 36.5 17.5

OS, months* 66.8 (NA) 62.3 (43.7, 82.9) 30.6 (17.9, 43.3) <0.001

1-year rate (%) 96.9 89.2 80.9

3-year rate (%) 75.8 72.1 44.4

5-year rate (%) 60.7 57.4 29.7

Values in parentheses are percentages unless indicated otherwise. *, values are median (95% confidence intervals). NA, not attained; OS, 
overall survival; RFS, recurrence-free survival.

Patients at 
risk Total 1 year 2 years 3 years 4 years 5 years

M0 97 92 75 56 36 11

M1 83 75 66 56 33 5

M2 47 38 29 20 15 5

0 1 2 3 4 5
Years after surgery

P<0.001 among 3 groups
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Figure 3 Kaplan-Meier curves of overall survival after hepatectomy 
of solitary hepatocellular carcinoma among patients with different 
grading severity of microscopic vascular invasion (M0, M1 and 
M2). P=0.089 (M0 vs. M1), P=0.001 (M1 vs. M2), and P<0.001 (M0 
vs. M2) (log rank test). 

Patients at 
risk Total 1 year 2 years 3 years 4 years 5 years

M0 97 84 54 35 18 4

M1 83 61 43 37 19 3

M2 47 23 16 13 8 2
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P<0.001 among 3 groups
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Figure 4 Kaplan-Meier curves of recurrence-free survival after 
hepatectomy of solitary hepatocellular carcinoma among patients 
with different grading severity of microscopic vascular invasion 
(M0, M1 and M2). P=0.053 (M0 vs. M1), P=0.003 (M1 vs. M2), 
and P<0.001 (M0 vs. M2) (log rank test).
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included Child-Pugh grade (HR 1.87, 95% CI: 1.09 to 3.22, 
P=0.023), preoperative AFP >400 μg/L (HR 1.96, 95% CI: 
1.29 to 2.99, P=0.002), tumor size >5.0 cm (HR 2.73, 95% 
CI, 1.59 to 4.70, P<0.001), and resection margin <1 cm (HR 
2.67, 95% CI, 1.70 to 4.19, P<0.001) (Table 4).

Discussion

Several studies have noted that the presence of MVI is an 
aggressive biological characteristic of HCC, and MVI may 
be one of the most crucial risk factors for postoperative 

recurrence and worse survival following hepatectomy 
for HCC (28,29). On the basis of the MVI-TTG system 
proposed by the LCPGC, which combines the distance of 
MVI (under or over 1 cm) from the main tumor and the 
number of MVI detected under microscopy, the grading 
severity of MVI can be divided into three classifications: 
M0, M1, and M2 (25,30). This grading system is a balance 
which is based on the extensive experience related to the 
clinical management of HCC patients in China, technical 
practicality and convenience for pathologists to produce 
a standardized report for MVI in clinical practice, with 

Table 3 Univariate and multivariate Cox-regression analysis of risk factors associated with recurrence-free survival following hepatectomy of 
solitary hepatocellular carcinoma

Variables Comparisons
UV MV

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

Sex Male vs. female 0.98 (0.56–1.71) 0.949

Age >60 vs. ≤60 years 0.78 (0.50–1.22) 0.280

ASA score >2 vs. ≤2 0.92 (0.56–1.52) 0.753

Obesity Yes vs. no 1.14 (0.78–1.66) 0.510

Diabetes mellitus Yes vs. no 1.14 (0.60–2.17) 0.700

HBV (+) Yes vs. no 0.77 (0.47–1.26) 0.295

HCV (+) Yes vs. no 1.77 (0.72–4.34) 0.209

Cirrhosis Yes vs. no 1.01 (0.68–1.49) 0.964

Portal hypertension Yes vs. no 0.83 (0.41–1.09) 0.150

Child-Pugh grade A vs. B 1.15 (0.70–1.90) 0.570

Preoperative AFP level >400 vs. ≤400 μg/L 1.48 (1.04–2.10) 0.027 1.61 (1.12–2.31) 0.009

Tumor size >5.0 vs. ≤5.0 cm 3.48 (2.33–5.21) <0.001 2.31 (1.49–3.58) <0.001

Microscopic invasion grade M1 vs. M0 1.29 (1.00–1.93) 0.058 1.20 (1.03–1.89) 0.040

M2 vs. M0 2.51 (1.62–3.86) <0.001 1.67 (1.06–2.64) 0.027

Satellite nodules Yes vs. no 1.89 (1.28–2.80) 0.001 1.59 (1.06–2.39) 0.024

Incomplete tumor encapsulation Yes vs. no 1.72 (1.21–2.44) 0.002 NS 0.107

Poorly tumor differentiation Yes vs. no 0.89 (0.63–1.26) 0.507

Intraoperative blood loss >600 vs. ≤600 mL 2.19 (1.52–3.17) <0.001 NS 0.557

Intraoperative blood transfusion Yes vs. no 2.33 (1.62–3.35) <0.001 1.77 (1.20–2.60) 0.004

Extent of hepatectomy Major vs. minor 2.28 (1.58–3.30) <0.001 NS 0.493

Type of resection Anatomical vs.  
non-anatomical

1.04 (0.73–1.49) 0.830

Resection margin <1.0 vs. ≥1.0 cm 2.44 (1.72–3.46) <0.001 1.92 (1.32–2.78) 0.001

UV, univariate; HR, hazard rate; CI, confidence interval; MV, multivariate; ASA, American Society of Anesthesiologists; HBV, hepatitis B 
virus; HCV, hepatitis C virus; AFP, α-fetoprotein; NS, not significant.
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a pathological report that can facilitate clinicians to 
understand better the significance of MVI grading severity, 
so that clinicians can transmit relevant information to 
patients with HCC (31). The present study was important 
because we demonstrated that not only the presence of 
MVI, but also the MVI grading severity (i.e., the location 
and number of MVI detected by microscopy) were 
strongly associated with an increased risk of postoperative 
recurrence following hepatectomy for solitary HCC. 
Specifically, more severe MVI grading (M2) was directly 
correlated with higher recurrence and mortality. In turn, 

the data strongly suggest that MVI grading severity—but 
not simply the absence/presence of MVI—had important 
clinical implications. In particular, information on MVI 
grading may have implications for postoperative recurrence 
surveillance and anti-recurrence strategies in patients with 
solitary HCC.

The MVI-TTG system, which incorporates the 
location and number of MVI, has previously been shown 
to associated with postoperative recurrence and survival 
(21,32). Compared with various other MVI grading systems 
that focus only on MVI numbers (23) and number of MVI 

Table 4 Univariate and multivariate Cox-regression analysis of risk factors associated with overall survival following hepatectomy of solitary 
hepatocellular carcinoma

Variables Comparisons
UV MV

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

Sex Male vs. female 1.27 (0.62–2.62) 0.519

Age >60 vs. ≤60 years 0.66 (0.38–1.14) 0.134

ASA score >2 vs. ≤2 1.21 (0.71–2.08) 0.498

Obesity Yes vs. no 1.45 (0.94–2.22) 0.090 NS 0.300

Diabetes mellitus Yes vs. no 1.40 (0.70–2.79) 0.338

HBV (+) Yes vs. no 1.32 (0.66–2.63) 0.430

HCV (+) Yes vs. no 1.23 (0.39–3.90) 0.722

Cirrhosis Yes vs. no 1.18 (0.73–1.91) 0.494

Portal hypertension Yes vs. no 1.30 (0.82–2.04) 0.262

Child-Pugh grade A vs. B 1.61 (0.96–2.70) 0.071 1.87 (1.09–3.22) 0.023

Preoperative AFP level >400 vs. ≤400 μg/L 1.82 (1.21–2.74) 0.004 1.96 (1.29–2.99) 0.002

Tumor size >5.0 vs. ≤5.0 cm 3.53 (2.13–5.85) <0.001 2.73 (1.59–4.70) <0.001

Microscopic invasion grade M1 vs. M0 1.22 (0.90–1.86) 0.089 1.28 (1.05–2.07) 0.035

M2 vs. M0 2.85 (1.71–4.73) <0.001 1.97 (1.15–3.38) 0.013

Satellite nodules Yes vs. no 2.86 (1.70–4.80) <0.001 NS 0.191

Incomplete tumor encapsulation Yes vs. no 1.95 (1.27–2.98) 0.002 NS 0.054

Poorly tumor differentiation Yes vs. no 0.81 (0.53–1.22) 0.306

Intraoperative blood loss >600 vs. ≤600 mL 2.13 (1.39–3.26) 0.001 NS 0.362

Intraoperative blood transfusion Yes vs. no 2.42 (2.59–3.69) <0.001 NS 0.082

Extent of hepatectomy Major vs. minor 2.54 (1.66–3.88) <0.001 NS 0.617

Type of resection Anatomical vs.  
non-anatomical

1.34 (0.88–2.02) 0.171 NS 0.215

Resection margin <1.0 vs. ≥1.0 cm 3.06 (1.98–4.71) <0.001 2.67 (1.70–4.19) <0.001

UV, univariate; HR, hazard rate; CI, confidence interval; MV, multivariate; ASA, American Society of Anesthesiologists; HBV, hepatitis B 
virus; HCV, hepatitis C virus; AFP, α-fetoprotein; NS, not significant.
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cells (33), the MVI-TTG system balances the value in 
clinical practice and the technical practicality of pathologist 
by stratifying HCC patients into different risk groups 
relative to postoperative recurrence and survival without 
adding excessive time, cost or pathologist workload. Since 
its proposal in 2015, the MVI-TTG system has been 
promoted and used at many major centers in China and has 
increased the detection of MVI nearly by 10% (30). In the 
current study, the prognostic role of the MVI-TTG system 
for patients with solitary HCC was specially studied. The 
results demonstrated that patients with solitary HCC could 
be successfully stratified into different risks of postoperative 
recurrence and survival based on the MVI-TTG system.

As shown in Table 1, there were close relationships 
between severity of MVI with some tumor characteristics 
which would also have influenced on the long-term 
outcomes of patients with HCC after hepatectomy, such 
as tumor size, satellite nodules, tumor differentiation, 
and preoperative AFP levels. Multivariate Cox-regression 
analyses were then performed to adjust the influence of 
confounding factors. The results identified severity of MVI 
(both M1 and M2), preoperative AFP level, tumor size, and 
satellite nodules to be independent risk factors of OS and 
RFS after hepatectomy for solitary HCC.

As shown in Figures 3,4, although there was a trend in 
the difference of OS and RFS between patients with M0 
and M1, the P value by log-rank test was more than 0.05 by 
univariate analysis (P=0.089 and 0.053, respectively). Apart 
from the reason of insufficient sample size, another possible 
reason is that there was some imbalances in the baseline 
characteristics between the two groups. For example, 
compared to patients with M1, patients with M0 who were 
included in the analysis had a higher proportion of cirrhosis 
(79.4% vs. 69.9%), and a higher proportion of Child-Pugh 
grade B (16.5% vs. 8.4%). Multivariate cox-regression 
analyses were then performed to adjust the influence of 
confounding factors. As shown in Tables 3,4, significant 
differences in OS and RFS were achieved not only between 
patients with M0 and M2, but also between patients with 
M0 and M1. Therefore, the results of the multivariate 
analyses confirmed that not only presence or absence of 
MVI, but also grading severity of MVI are of practical 
clinical value in evaluating long-term prognosis for patients 
undergoing curative liver resection for HCC.

Prevention and early identification of HCC recurrence 
is an important significant strategy to improve long-term 
oncologic survival among patients undergoing hepatectomy 
for HCC. However, few adjuvant therapies have previously 

been demonstrated to have a therapeutic benefit. Although 
several treatments such as transarterial chemoembolization 
(TACE), systemic therapy with chemotherapy and kinase 
inhibitors, have been identified in both the adjuvant and 
neoadjuvant settings, none have been universally accepted 
or recommended by current HCC international guidelines 
(34-36). The STORM trial evaluated the efficacy of 
sorafenib as adjuvant treatment for HCC patients after 
hepatectomy or local ablation, and noted no difference in 
RFS between the control and the treatment groups (37). 
One explanation for the failure of this study to identify 
a benefit to sorafenib as an adjuvant therapy was the 
inclusion of patients with different risks of recurrence in 
the study cohort. In particular, only patients at high risk of 
postoperative recurrence may benefit from adjuvant therapy. 
In turn, the data from the current study suggests that future 
clinical trials should target assessment of adjuvant therapy 
among patients with M2 MVI who were at the highest risk 
of postoperative recurrence and poor survival. Numerous 
studies have been reported on development of preoperative 
prediction models for MVI. As patients with M2 have much 
poorer oncologic prognosis than patients with M0 and M1, 
it would be clinically useful if M2 tumors could accurately 
be predicted preoperatively.

The present study had several limitations. Similar to 
other retrospective studies, there was likely some inherent 
selection biases. The study was also based solely on data 
from China; therefore, a majority of patients had HBV-
related HCC. Considering that previous studies revealed 
a potential association between HBV and MVI (38,39), 
external validation will be needed to validate the study 
results among HCC patients from Western centers, as 
well as patients who have HCV infection, non-alcoholic, 
or alcoholic steatohepatitis. In addition, the absence 
of presentation of data on inter-observer scoring of 
microscopic slides, especially for a multicenter study, is 
another limitation worth mentioning. As such, the MVI-
TTG system as proposed by the LCPGC needs further 
external validation in the future. Nowadays, there are 
several tissue sampling protocols and subclassifications 
of MVI in HCC used in the world. World-wide efforts 
to standardize a tissue sampling protocol and a grading 
system of MVI in HCC are required to decrease the gap in 
management of HCC among different countries.

Conclusions

In conclusion, M1 and M2 MVI grade severity was both 
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independently associated with worse RFS and OS after 
hepatectomy for solitary HCC. MVI grading based on 
the MVI-TTG system as proposed by the LCPGC can 
stratify patients into prognostic groups with different 
risks of postoperative recurrence and survival. Enhanced 
surveillance for recurrence and potentially effective adjuvant 
therapy are worth considering among patients with MVI, 
especially individuals with more severe MVI grading (M2).
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