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Abstract

Background: It is suggested that microvascular invasion (MVI) is one of the strongest predictors of
prognosis and recurrence of hepatocellular carcinoma (HCC). This study analyzes the related influence
factors of MVI, and further discusses these factors to the occurrence of MVI.
Method: Retrospective clinical data of HCC patients which are collected, including the general clinical
data and postoperative pathological data associated with MVI are performed. According to the
postoperative pathological report, data will be divided into MVI group and control group. Logistic
regression analysis was performed on the statistically significant factors.
Results: A total of 170 patients with HCC are selected. There are MVI group (51 cases) and control
group (97 cases). There were no significantly differences in age, gender, history of hepatitis B, history of
hepatitis C, hepatic cirrhosis, diabetes and hepatitis B virus deoxyribonucleic acid titer, γ- glutamyl-
transpeptidas, alanine transaminase, aspartate transaminase, total bilirubin, albumin, platelet count,
tumor numberand tumor capsule (P>0.05). Tumor size (P=0.000), differentiation degree (P=0.028) and
alpha-fetoprotein (P=0.003) was statistically significant difference. Multivariate logistic regression
analysis shows that tumor size (P=0.004) and AFP (P=0.022) are independent risk factors for MVI.
Conclusion: Tumor size, low differentiation, tact capsule and alpha-fetoprotein are independent risk
factors of MVI. According to the risk factors of MVI, we can judge the possibility of MVI, and further
guide the clinical treatment.
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Introduction
Primary liver cancer (PLC) is one of the most common
malignant tumors, and among HCC, more than 90% is
hepatocellular carcinoma (HCC) [1]. Of all the malignant
tumors, the clinical morbidity of HCC ranks second in male
patients and sixth in female patients. Each year 782500 patients
are diagnosed with HCC, with a mortality rate of 95% [2]. Half
of the world’s share of HCC occurs in China, thus making
HCC a severe health problem of the country [3]. In the past
several decades, great changes have taken place in clinical
diagnostic and treatment of HCC with the development of
technology such as intervention, radiofrequency ablation,
radiotherapy and chemotherapy, and biological therapy [4-6].
The widely application of early screening makes HCC being
early detection as well as early diagnostic and treatment, even
for end-stage patients. These methods are still limited, and
operative treatment is still primary method for HCC [7]. More
seriously, some postoperative complications are still concerned
[8].

Previous studies found that tumor size, number, vascular
invasion were independently prognostic factors of HCC [9].

Microvascular invasion is a way of blood metastasis of
hepatocellular carcinoma, and has been repeatedly confirmed
to be associated with tumor recurrence rate and overall survival
rate. Vascular invasion is divided into macrovascular invasion
(MVI) and microvascular invasion [10]. The macrovascular
invasion was involved in secondary and above hepatic vein or
portal vein [11]. MVI in primary liver cancer pathology guide
was defined as HCC cell mass were found in portal vein and
hepatic vein or other microvasculars surrounded by endothelial
cells. The recurrence rate of tumor with vascular invasion was
4.4 and 15 times than that of non-vascular invasion [12]. So,
early identification of MVI was quite important. Early
identification means early diagnostic and treatment, and
reduces tumor recurrence and metastasis, improves patient's
survival rate and quality of life. Therefore, it is of great
significance to judge whether there is MVI or not before
surgery [13]. The purpose of this study was to explore the
correlation between preoperative and pathological data of HCC
patients and MVI, and provided clinical guidance for MVI
treatment.
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Materials and Methods

Study population
Using a retrospective design, 170 HCC patients were enrolled
in our hospital from December 2014 to December 2016. The
general clinical data, serum index, and postoperative
pathological data were collected according to the following
criteria: patients were diagnosed with HCC according to
Chinese HCC guideline, and confirmed by pathology
detection, whose age were more than 18 years old, no other
new tumors within 5 years, no bone and other metastatic, and
have complete clinical and pathology information for
extraction and analyses.

Diagnostic criteria
The HCC was diagnosed as the following criteria [14]: (1)
history of hepatitis B/C virus infection. (2) Typical HCC
imaging features: multi-row CT and/or enhanced MRI scans
showed rapid and unequal arterial enhancement in arterial
phase, while venous or delayed periods were quickly eluded.
(3) Alpha fetoprotein (AFP) ≥ 400 ug/L lasted for one month
and excluded other reasons. (4) The postoperative pathological
report was referred. The MVI criteria was as follows:
according to the 2015 HCC standardized pathological
diagnosis guide, imaging examination or not seen obvious
intravascular tumor emboli. Tumor emboli or lumps of cancer
cells in capillaries were found with the help of microscopic
[15].

Data collection
The general clinical data (age, gender, history of hepatitis B,
history of hepatitis C, history of cirrhosis and history of
diabetes), serum index (alpha-fetoprotein (enzyme linked
immunosorbent assay), hepatitis B virus DNA titer, γ-
glutamyltransferase, alanine transaminase, aspartate
transaminase, total bilirubin, albumin and platelet count) and
postoperative pathological data (tumor size, tumor number,
tumor differentiation and tumor capsule) were collected. The
serum index was from the automatic biochemical analyzer
(Hitachi 7600-020ISE, Japan).

Statistical analysis
All statistical analysis was performed by using SPSS 20.0. For
the continuity variables were expressed by using the mean
addition and subtraction standard deviation, and t test were
used. The classification data were expressed as percentage and
count and chi-square test was used. Using the correlation
analysis method of univariate, the correlation of clinical data,
serum indexes, postoperative pathological parameters and MVI
are valued. Logistic regression analysis was performed on the
statistically significant factors (AFP, tumor size, differentiation
degree, intact capsule.), MVI status are identified as
independent risk factors. P<0.05 is considered statistically
significant difference.

Results
A total of 170 patients with HCC are selected, including male
(n=119), and female (n=51), mean age (57.1 ± 9.38) years.
There are MVI group (65 cases) and control group (105 cases).
Of these, 81.5% of them have HBV infection in MVI group,
and 82.9% in the control group, and there was no significant
between two groups (χ2=0.048, P=0.826). 7.7% of them have
HCV infection in the MVI group while the rate was 3.8%, and
no significant difference was observed (χ2=1.207, P=0.271).
The rates of liver cirrhosis were 73.8% and 80.9% in two
groups, respectively, and no obvious significant difference was
observed (χ2=1.191, P=0.275). There was no significantly
difference in diabetes mellitus rate between two groups
(χ2=0.814, P=0.367). The general characteristics of two groups
were presented in Table 1.

Table 1. Comparisons of general characteristics between two groups.

Parameters MVI group

(65)

Control
group

(105)

t/χ2 P

Age, year 56.4 ± 10.4 57.6 ± 11.2 -0.697 0.487

Male, n 45 (69.2%) 74 (70.5%) 0.030 0.863

History of diseases

HBV, n 53 (81.5%) 87 (82.9%) 0.048 0.826

HCV, n 5 (7.7%) 4 (3.8%) 1.207 0.271

Liver cirrhosis, n 48 (73.8%) 85 (80.9%) 1.191 0.275

Diabetes mellitus, n 10 (15.4%) 22 (21.0%) 0.814 0.367

*MVI, macrovascular invasion; HBV, hepatitis B virus; HCV, hepatitis C virus

The serum analysis results showed that there were no
differences in hepatitis B virus DNA (P=0.582), γ-GT
(P=0.069), ALT (P=0.469), AST (P=0.075), total bilirubin
(P=0.737), albumin (P=0.226), platelet count (P=0.295). The
different ratio of each index was presented in Table 2. The
results of pathology characteristics suggested that the MVI
group had larger tumor size than that of control group (5.7 ±
4.3 vs. 3.7 ± 4.2, P=0.003), and the MVI group had lower level
differentiation compared with control group (49.2% vs. 28.6%,
P=0.025). The MVI group was still higher than control group
in intact capsule rate (44.6% vs. 33.3%, P=0.015). There was
not statistically significant in tumor number between two group
(P=0.140). Multivariate logistic regression analysis shows that
tumor size (P=0.004), alpha-fetoprotein (P=0.015),
differentiation (P=0.003), and intact capsule (P=0.009) were
independent risk factors for MVI in patients with HCC. The
larger tumor size means higher risk (OR=1.19, 95%CI:
1.05-1.33). Compared with high differentiation, the medium
and low differentiation patients were higher risk by 39% and
89% (OR=1.39, 95%CI: 1.12-3.26; OR=1.89, 95%CI:
1.02-3.66). The high level AFP also means higher risk of MVI
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(≥ 400:1.37, 95%CI: 1.17-1.61; 20-400:OR=1.05, 95%CI:
1.01=2.13) (Tables 3 and 4).

Table 2. Comparisons of serum marker between two groups.

Parameters MVI group

(65)

Control group

(105)

χ2 P

AFP, ug/L 12.989 0.002

≤ 20 26 (40.0%) 68 (64.8%)

20-400 20 (30.8%) 26 (24.8%)

≥ 400 19 (29.2%) 11 (10.5%)

HBV-DNA, IU/ml 1.081 0.582

≤ 500 35 (53.8%) 65 (61.9%)

500-10000 14 (21.5%) 19 (18.1%)

≥ 10000 16 (24.6%) 21 (20.0%)

γ-GT, U/L 3.293 0.069

≥ 60 26 (40.0%) 28 (26.7%)

<60 39 (60.0%) 77 (73.3%)

Platelet, 109 1.097 0.295

≥ 100 51 (78.5%) 89 (84.8%)

<100 14 (21.5%) 16 (16.2%)

Albumin, g/L 1.463 0.226

≥ 35 27 (41.5%) 34 (32.4%)

<35 38 (58.5%) 71 (67.6%)

Total bilirubin, umol/L 0.113 0.737

≥ 17.1 28 (43.1%) 48 (45.7%)

<17.1 37 (56.9%) 57 (54.3%)

ALT, U/L 0.524 0.469

>44 23 (35.4%) 43 (41.0%)

≤ 44 42 (64.6%) 62 (59.0%)

AST, U/L 3.167 0.075

>64 14 (21.5%) 12 (11.4%)

≤ 64 51 (78.5%) 93 (88.6%)

Discussion
Previous study suggested that MVI was primary way for HCC
metastasis. Therefore, it was of great importance to explore the
prognosis factors of MVI in patients with HCC. The present
study found that tumor size, low differentiation, tact capsule
and AFP are independent risk factors of MVI. Our results
provided further guide for clinical treatment.

Table 3. Comparisons of tumor pathology between two groups.

Parameters MVI group Control
group

t/χ2 P

(65) (105)

Tumor size, cm 5.7 ± 4.3 3.7 ± 4.2 2.989 0.003

Tumor number, n

single 36 (55.4%) 70 (66.7%) 2.177 0.140

multiple 29 (44.6%) 35 (33.3%)

Differentiation 7.396 0.025

High, n 8 (12.3%) 18 (17.1%)

Medium, n 25 (38.5%) 57 (54.3%)

Low, n 32 (49.2%) 30 (28.6%)

Intact capsule, yes 29 (44.6%) 35 (33.3%) 5.863 0.015

*AFP: Alpha-Fetoprotein; HBV: Hepatitis B Virus; HCV: Hepatitis C Virus; γ-GT:
Glutamyl-Transpeptidase

Table 4. Multiple logistic regression for MVI in patients with
hepatocellular carcinoma.

Factors β SE OR 95%CI P

Tumor size 0.171 0.060 1.19 1.05-1.33 0.004

Differentiation

High 1.00

Medium 0.332 0.195 1.39 1.12-3.26 0.015

Low 0.640 0.336 1.89 1.02-3.66 0.007

AFP

≤ 20 1.00

20-400 0.047 0.036 1.05 1.01-2.13 0.003

≥ 400 0.314 0.081 1.37 1.17-1.61 0.000

Intact capsule (NO) 0.248 0.096 1.28 1.06-1.55 0.009

*AFP: Alpha-Fetoprotein

Tumor size was related to MVI in patients with HCC. It was
reported that tumor size with the size of more than 7 cm, and
the risk of MVI increased by 1 time. If the tumor size was
more than 10 cm, it would be more likely to have MVI. Tumor
size (3-5 cm) can predict MVI better [16]. However,
Chandarana reported that tumor size had no predictive effect
on MVI, and the average diameter of the tumor selected by the
author was 2.1 cm, which may be considered to be the cause of
the small average tumor in the selected patients [17]. Most
studies suggested tumor size can predict microvascular
invasion, MVI group in this study mean tumor size was 5.7 ±
4.3 cm, without vascular invasion significantly greater than 3.7
± 4.2 cm, which paralleled with previous results [18].
Differentiation level was associated with MVI. Low
differentiation tumor tends to be malignant. It was more likely
to have metastasis for such types of tumor. Previous studies
have suggested that MVI was primary way of HCC metastasis.
Our results found that low and medium differentiation types
were higher than that of high differentiation ones by 1.89 and
1.39 times compared.
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The capsule of primary liver cancer showed low signal arterial
ring or low density image through conventional enhanced
CT/MRI performance for, and high density or high signal ring
during delay period. Some studies reported that 10%-70% of
primary hepatocellular carcinoma was covered by capsule,
which was related to the histopathological classification, and
the intact capsule was related to the occurrence of MVI [19].
This indicates that the intact HCC had a lower incidence of
MVI. However, Gouw found no significant correlation was
found between tumor capsule and MVI in imaging examination
[20]. Witjes confirmed that MVI had a close relationship with
the intact capsule [21]. Adachi reported that fibrous capsule
may be a risk factor for portal vein invasion, suggesting that
liver tumor cells are more likely to invade capsule vessels [22].
The above two studies did not further assess the difference of
imaging stages. According to the features of HCC blood
supply, the capsule can be enhanced in all stages, and it is
difficult to distinguish the relationship between the
surrounding tissue and the capsule through the early
enhancement of imaging. Therefore, some scholars further
studied the imaging performance of HCC in delayed period,
and suggested that the tumor capsule and tumor boundaries
were not fully used to predict MVI. To sum up, there is still a
lot of debate about the correlation between the presence of the
tumor capsule and occurrence of MVI, and further research is
needed. Some study limitation should be addressed. First, this
is a retrospective study, and it was restricted in cause-effect
relationship. The long-term follow-up was required. Second,
this was based on the investigation of clinical information, and
was not involved in physiological mechanism. Further research
is needed.

Tumor size, low differentiation, tact capsule and AFP are
independent risk factors of MVI. According to the risk factors
of MVI, we can judge the possibility of MVI, and further guide
the clinical treatment. This study provides some theoretical
support for the preoperative prediction of MVI. Because of the
limited number of patients in the study, further studies are
needed.
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