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Vascular invasion in hepatitis B virus-related hepatocellular
carcinoma with underlying cirrhosis: possible associations
with ascites and hepatitis B viral factors?
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Abstract Vascular invasion is one of the most important
prognostic factors for patients with hepatocellular carcinoma
(HCC). The objective of the current, retrospective study was
to determine the associations of ascites and hepatitis B viral
factors (HBeAg and anti-HBe status and HBV DNA levels),
as well as tumor-related factors (size, tumor number, grade,
and location) with micro- or macroscopic vascular invasion in
patients with HCC that developed as a result of hepatitis B
virus (HBV)-related cirrhosis. A total of 336 consecutive pa-
tients were included. Potential factors associated with micro-
or macroscopic vascular invasion were analyzed by logistic
regression. Ascites were more commonly detected in patients
with micro- or macroscopic vascular invasion, and the pres-
ence of ascites was independently associated with vascular
invasion. Among patients with mild-to-moderate or severe
ascites, the odds ratio for macroscopic vascular invasion was
4.83 (95 % confidence interval [CI] 2.29–10.16) and 11.87

(95 % CI 4.53–31.07), respectively. Similarly, the presence
of ascites was associated with microscopic vascular invasion
(OR 5.00; 95 % CI 1.23–20.31). In contrast, hepatitis B viral
factors were not significantly associated with vascular inva-
sion. The presence of ascites was associated with vascular
invasion in patients with HBV-related cirrhotic HCC. Thus,
patients with ascites, vascular invasion should be considered
and more frequent surveillance should be performed after cu-
rative treatment.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most commonly
occurring cancer worldwide [1, 2]. China alone accounts for
approximately half of the world’s cases [3, 4]. The main eti-
ology of HCC in China is endemic chronic hepatitis B virus
(HBV) infection, and in over 80 % of patients, the tumor
develops from a background of cirrhosis [5–7]. In chronic
HBV-infected cirrhotic patients, HCC can arise without warn-
ing but progresses rapidly, ultimately with poor prognosis and
short life expectancy when HCC is detected at an advanced
stage [8, 9].
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Vascular invasion is one of the most important prognostic
factors for patients with HCC andmay involve the micro- and/
or the macrovasculature. It is clear that both micro- and mac-
roscopic vascular invasion are independent predictors of tu-
mor recurrence and poor survival after surgical treatment
[10–13]. It has been shown that tumor diameter, number of
nodules, histological grading, and α-fetoprotein (AFP) are
predictive of macroscopic vascular invasion in cirrhotic
HCC, while tumor size and grade are predictive of microscop-
ic vascular invasion in HCC [14–19].

In addition to the ‘known’ tumor-related factors, the pres-
ence of ascites has also been shown to have a prognostic value
in both resectable and inoperable cirrhotic HCC [20–22]. In a
study that included 105 cirrhotic HCC patients who
underwent percutaneous ethanol injection, the presence of as-
cites was associated with lower survival rates over the 6-year
follow-up [23]. Similarly, in another study that included 182
HCC patients with Child’s class A or B cirrhosis, the presence
of ascites was associated with significantly worse survival
after transcatheter arterial chemoembolization [24]. As a re-
sult, the presence of ascites is now considered in several prog-
nostic indices to predict survival time of patients with HCC
[25, 26]. Despite this, the association between ascites and
micro- or macroscopic vascular invasion is unclear.

Chronic HBV infection is a well-recognized risk factor for
cirrhosis and hepatocellular carcinoma (HCC). In a study of
203 Chinese patients with small HCC (tumor size ≤3 cm),
hepatitis B e antigen (HBeAg) was associated with a greater
risk of early recurrence (within 1 year) and poorer 5-year
survival after curative resection [27]. Other reports have re-
vealed that HBV DNA levels are correlated with tumor recur-
rence and survival in HCC after resection or intervention ther-
apies [28, 29]. The measurement of viral load and detection of
anti-HBe are also useful for estimating a patient’s prognosis
after curative resection [30–32]. However, the role of these
viral factors in the development of vascular invasion particu-
larly in HBV-related HCC and cirrhosis remain unclear.

Some tumor factors, including tumor diameter, number,
histological grading, and metastasis, have been shown to be
associated with vascular invasion of HCC. Macroscopic vas-
cular invasion is easy to detect using imaging techniques; by
contrast, microscopic vascular invasion, the presence of which
is associated with high risk of recurrence and poor survival
even after liver transplantation and radical resection, is usually
identified after surgery. This is also true for some characteris-
tics of tumors such as histological grading. Fine needle aspi-
ration is not regularly performed for patients with HCC owing
to the risk of needle track seeding [33–35]. The heterogeneity
of the tumor limits its diagnostic accuracy and usefulness [36,
37]. Moreover, most patients with HCC have underlying cir-
rhosis and poor liver function, which may result in life-
threatening complications such as bleeding after biopsy [38].
Therefore, in our study, we first wanted to identify other non-

tumor-related factors that were associated with vascular inva-
sion, which might help in the early detection of microvascular
invasion before resection or transplantation. Second, we
wanted to determine whether HBV could affect the develop-
ment of vascular invasion in HCC. Thus, we investigated the
association between the presences of ascites or HBV viral
factors with micro- or macroscopic vascular invasion in
chronic HBV-infected HCC patients with underlying
cirrhosis.

Patients and methods

Study population

This retrospective cross-sectional study included Chinese pa-
tients consecutively admitted to Daping Hospital,
Changzheng Hospital, and Changhai Hospital between
January 2012 and December 2013 with HBV-related HCC
and underlying liver cirrhosis. And there were no obvious
differences of clinical index among cohorts.

Inclusion and exclusion criteria

Only patients with HCC who were confirmed to be positive
for serum hepatitis B surface antigen were eligible for this
study. Underlying cirrhosis was diagnosed on the basis of
histopathology or a combination of clinical and biochemical
findings, as well as typical features observed using imaging
techniques such as ultrasonography, computerized tomogra-
phy, and resonance imaging. Inclusion of HCC patients was
based on either histological examination or a combination of
α-fetoprotein (AFP) (>400 ng/mL) and typical imaging fea-
tures on at least two radiological imaging techniques, includ-
ing ultrasonography, computerized tomography, resonance
imaging, and hepatic angiography with lipiodol [39, 40].
Histopathology was available for 153 patients who underwent
tumor resection or liver transplantation. Owing to the risk of
needle track seeding and bleeding as well as the cirrhotic
background of the livers, fine needle aspiration was not per-
formed on the remaining patients who received intervention
therapies such as ablation, ethanol injection, and transcatheter
arterial chemoembolization after diagnosis.

Patients co-infected with hepatitis C virus, hepatitis D vi-
rus, or human immunodeficiency virus were excluded.
Patients with cirrhosis of other etiologies or past history of
schistosomiasis were excluded. All patients were diagnosed
with HCC for the first time in the hospital. Patients with any
suspicious space-occupying lesion on ultrasonography or
computer tomography, recurrent HCC, other cancers me-
tastasize to liver, or intervention treatments before ad-
mission were excluded.
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This study was approved by the institutional review board
of Daping Hospital, Changzheng Hospital, and Changhai
Hospital and adhered to the principles of the Declaration of
Helsinki. All patients provided informed consent.

Data collection

All data for the patients were obtained from electronic medical
records and/or hard-copy clinical charts and assessed eligibil-
ity for the study.

Demographic characteristics, including gender and age at
the diagnosis of HCC, were retrieved from their medical re-
cords. In Asia, the infection of HBV is usually acquired peri-
natally or in early childhood; therefore, the time of HBV in-
fection was considered equivalent to the age of the patients.

The status of serum HBV markers including HBeAg, anti-
HBe, and HBV DNA levels (expressed as log10 copies/mL
titer) at diagnosis of HCC was collected from the patients’
medical records. Serum HBeAg and anti-HBe levels for all
patients were measured using a Roche E170 analyzer (Roche
Diagnostics, Germany) in our hospital. HBV DNA levels
were tested using a 7500 Real-Time PCR System (Applied
Biosystems Co., CA, USA), which had a detection limit of 3
log10 copies/mL.

Laboratory tests at diagnosis of HCC, before undergoing
any treatment, were considered eligible and performed using
conventional methods, including the AFP test (reference range
0–20 ng/mL).

The severity of ascites was stratified as ‘none,’ ‘mild-to-
moderate,’ or ‘severe’ based on ultrasonography findings by
the same physician at the first admission. The status of ascites
was determined before any treatment was given. No
paracentesis was performed before admission. No past history
of using diuretics was recorded.

The Child-Pugh score was calculated based on the severity
of ascites (none=1, mild-to-moderate=2, severe=3), enceph-
alopathy (none=1, grades 1 to 2=2, grades 3 to 4=3), serum
albumin (>35 g/L=1, 28–35 g/L=2, <28 g/L=3), total serum
bilirubin (<35 μmol/L=1, 35–51 μmol/L=2, >51 μmol/L=
3), and prolongation of prothrombin time (<4 s=1, 4–6 s=2,
>6 s=3). The points were stratified into three grades (A=5–6
points, B=7–9 points, and C=10–15 points).

Tumor size, number, location and presence of vascular in-
vasion (macro- and microscopic invasion), and metastasis
were retrieved from medical records. In addition, histological
grade was determined for 153 patients by histopathology.
Tumor grade was categorized as low, intermediate, or high
according to the Edmondson and Steiner scheme. The macro-
scopic types of HCC were classified as solitary or multiple. In
patients with multiple tumors, the largest lesion was used as
the index lesion. Macroscopic vascular invasion was defined
as gross invasion of the right or left main branches of the
portal vein or the hepatic veins detected by imaging

techniques and histopathology or in surgery and extracted
from the patients’ records. In the subgroup of 153 patients
for whom histopathology was available, microscopic vascular
invasion was defined as the presence of tumor emboli or clus-
ters of cancer cells within the central vein, the portal vein, and/
or large capsular vessels [15]. All patients had a chest X-ray,
while additional investigations to detect metastases were per-
formed when extrahepatic involvement was suspected.

Statistical analysis

Data entry was performed using EpiData Entry (version 3.02,
The EpiData Association, Denmark, Europe), the validity of
the data was double-checked by two investigators indepen-
dently, and discrepancies resolved. Continuous variables were
tested for normal distribution and expressed as means (stan-
dard deviation) or medians (range) as appropriate. Categorical
variables were compared by χ2 test, and continuous variables
were compared by Student’s t test, Mann-Whitney U test, or
Kruskal-Wallis test, as appropriate. Potential factors associat-
ed with micro- or macroscopic vascular invasion were ana-
lyzed separately by logistic regression. Twenty-five patients
with both major and microscopic vascular invasion were ex-
cluded from analyses of microscopic vascular invasion.
Collinearity tests were performed before multivariate analysis.
All statistical procedures were performed using the Statistical
Program for Social Sciences (SPSS version 16.0; SPSS Inc.,
USA). A two-sided p value of less than 0.05 was considered
statistically significant. However, the statistical analysis was
carried among those three hospitals, and there were no signif-
icant differences (data not shown).

Results

A total of 336 HBV-related cirrhotic patients (mean±standard
deviation age, 49.8±9.7 years; males/females, 274/62) fulfill-
ing the inclusion criteria with the diagnosis of HCC were
consecutively admitted and included in our study; 153 of them
had histopathology. Clinical features and characteristics of
tumors with or without macro- or microscopic vascular inva-
sion are presented in Tables 1 and 2, respectively. The overall
proportion of patients withmacroscopic vascular invasionwas
30.7 % (n=103/336). Most of the patients with HCC were
male, with a male-to-female ratio of 4:1, although no differ-
ence in sex distribution was found among patients with or
without vascular invasion. Patients with macrovascular inva-
sion were younger than the patients without macrovascular
invasion (47.5±9.2 vs. 50.8±9.7 years; p=0.005).

In the subgroup of 153 patients with histology results, the
proportion of patients with micro- or macroscopic vascular
invasion was 16.3 % (n=25/153) and 24.2 % (n=37/153),
respectively, and 7.8 % (n=12/153) had only pathologically
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identified vascular invasion. Twenty-five patients had both
macro- and microvascular invasion and were not included in
the logistic analysis presented in Tables 3 and 4.

Characteristics of HCC in patients with HBV-related
cirrhosis and association with vascular invasion

Most HBV-related cirrhotic patients had solitary tumors, which
developed more frequently on the right lobule of the cirrhotic
liver than on the left lobule, with a right-to-left ratio of 3.55.
Tumor-related factors including diameter (>5 cm), metastasis,
and AFP >1000 ng/mL were significantly and independently
associated with macrovascular invasion, both in univariate and
in multivariate analyses, as shown in Tables 1 and 3. Similarly,

a high tumor grade and AFP >1000 ng/mL were significantly
and independently associated with microvascular invasion,
both in univariate and in multivariate analyses, as shown in
Tables 2 and 4.

Association of the presence of ascites with vascular
invasion

Overall, ascites were more frequently detected in patients with
vascular invasion (all p<0.001). The presence of ascites was
independently correlated with macro- and microscopic
vascular invasion both in univariate and in multivariate
analyses (Tables 3 and 4). The odds ratio for macro-
scopic vascular invasion was 4.83 (95 % confidence

Table 1 Clinical features and
characteristics of tumors of 336
HBV-related cirrhotic HCC
patients with or without
macroscopic vascular invasion

Characteristics All patients Macroscopic vascular invasion p value

Absent Present

336 233 103

Male gender 274 (81.5) 187 (80.3) 87 (84.5) NS

Age 49.8±9.7 50.8±9.7 47.5±9.2 0.004

HBeAg positivity 64 (19.0) 43 (18.5) 21 (20.4) NS

Anti-HBe positivity 228 (67.9) 159 (68.2) 69 (67.0) NS

Log10 HBV DNA level (copies/mL)a 5.17±1.19 5.17±1.20 5.19±1.16 NS

<3 64 (19.0) 45 (19.3) 19 (18.4) NS

≥3 272 (81.0) 188 (80.7) 84 (81.6)

Child-Pugh class <0.001

A 192 (57.1) 155 (66.5) 37 (35.9)

B 97 (28.9) 48 (20.6) 49 (47.6)

C 47 (14.0) 30 (12.9) 17 (16.5)

Presence of ascites <0.001

None 227 (67.6) 180 (77.3) 47 (45.6)

Mild to moderate 73 (21.7) 41 (17.6) 32 (31.1)

Severe 36 (10.7) 12 (5.2) 24 (23.3)

Tumor size (cm) 5.2 (1.0–18.0) 4.3 (1.0–18.0) 7.7 (1.9–17.5) <0.001

≤5 161 (47.9) 144 (61.8) 17 (16.5) <0.001

>5 175 (52.1) 89 (38.2) 86 (83.5)

Tumor number <0.001

Solitary 224 (66.7) 172 (73.8) 52 (50.5)

Multiple 112 (33.3) 61 (26.2) 51 (49.5)

Metastases <0.001

Absent 281 (83.6) 213 (91.4) 68 (66.0)

Present 55 (16.4) 20 (8.6) 35 (34.0)

AFP <0.001

≤1000 ng/mL 213 (63.4) 173 (74.2) 40 (38.8)

>1000 ng/mL 123 (36.6) 60 (25.8) 63 (61.2)

Serum albumin (g/L) 35.9±5.9 36.3±6.0 35.0±5.3 NS

Prothrombin time (s) 15.6±4.0 15.7±4.1 15.4±3.7 NS

Data expressed as number (%), mean±SD, median (range) where appropriate

NS not significant
a The mean and standard deviation was based on those patients with detectable HBV DNA
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interval [CI] 2.29–10.16) among patients with mild-to-
moderate ascites and 11.87 (95 % CI 4.53–31.07)
among patients with severe ascites. Similarly, the odds

Table 2 Clinical features and
characteristics of tumors of 153
patients with HCC and HBV-
related liver cirrhosis

Characteristics Patients with
histopathology

Both macro- and
microscopic

Microscopic vascular invasion

Absent Present p value

153 25 116 12

Male gender 127 (83.0) 22 (88.0) 96 (82.8) 9 (75.0) NS

Age 50.3±9.3 44.6±7.7 51.4±9.4 48.3±8.1 0.004

HBeAg positivity 27 (17.6) 5 (20.0) 20 (17.2) 2 (16.7) NS

Anti-HBe positivity 107 (71.1) 16 (64.0) 84 (72.4) 7 (58.3) NS

Log10 HBV DNA level
(copies/mL)a

5.15±1.13 4.92±0.84 5.10±1.13 5.74±0.97 NS

<3 33 (21.6) 4 (16.0) 26 (22.4) 3 (25.0) NS

≥3 120 (78.4) 21 (84.0) 90 (77.6) 9 (75.0)

Child-Pugh class NS

A 100 (65.4) 12 (48.0) 81 (69.8) 7 (58.3)

B 38 (24.8) 12 (48.0) 23 (19.8) 3 (25.0)

C 15 (9.8) 1 (4.0) 12 (10.3) 2 (16.7)

Presence of ascites 0.017

None 113 (73.9) 12 (48.0) 94 (81.0) 7 (58.3)

Mild to moderate 26 (17.0) 7 (28.0) 17 (14.7) 2 (16.7)

Severe 14 (9.2) 6 (24.0) 5 (4.3) 3 (25.0)

Tumor size (cm) 4.5 (1.3–16.8) 7.5 (2.5–15.0) 4.0 (1.3–16.8) 4.3 (2.2–10.0) NS

≤5 88 (57.5) 6 (24.0) 75 (64.7) 7 (58.3) NS

>5 65 (42.5) 19 (76.0) 41 (35.3) 5 (41.7)

Tumor number NS

Solitary 117 (76.5) 14 (56.0) 94 (81.0) 9 (75.0)

Multiple 36 (23.5) 11 (44.0) 22 (19.0) 3 (25.0)

Histological grade 0.005

Low or intermediate
(grades I, II)

142 (92.8) 22 (88.0) 111 (95.7) 9 (75.0)

High (grades III, IV) 11 (7.2) 3 (12.0) 5 (4.3) 3 (25.0)

AFP 0.036

≤1000 ng/mL 103 (67.3) 7 (28.0) 90 (77.6) 6 (50.0)

>1000 ng/mL 50 (32.7) 18 (72.0) 26 (22.4) 6 (50.0)

Data expressed as number (%), mean (SD), median (range) where appropriate

NS not significant
a The mean and standard deviation was based on those patients with detectable HBV DNA

Table 3 Multivariate analysis of factors predictive of macroscopic
vascular invasion in HBV-related cirrhotic patients with hepatocellular
carcinoma (n=336)

Characteristics Odds ratio 95 % CI p value

Tumor size (>5 cm) 8.52 4.23–17.13 <0.001

Metastases 5.23 2.40–11.37 <0.001

Presence of ascites <0.001

None 1 (reference)

Mild to moderate 4.83 2.29–10.16

Severe 11.87 4.53–31.07

AFP >1000 ng/mL 3.77 2.05–6.90 <0.001

Table 4 Multivariate analysis of factors predictive of microscopic
vascular invasion in a subgroup of HBV-related cirrhotic patients with
hepatocellular carcinoma (n=128)

Characteristics Odds ratio 95 % CI p value

High-grade tumor 11.83 2.00–70.10 0.006

Presence of ascites 5.00 1.23–20.31 0.024

AFP >1000 ng/mL 4.88 1.26–18.84 0.021

The 25 patients with histopathology but had micro- and macroscopic
vascular invasion were not included in this table
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ratio for microvascular invasion was 5.00 (95 % CI
1.23–20.31).

The levels of serum albumin and prothrombin time, two
markers of the severity of underlying cirrhosis, were not sig-
nificantly different between patients with and without macro-
scopic vascular invasion (serum albumin, p=0.07; prothrom-
bin time 0.49); similar results were obtained for patients with
and without microscopic vascular invasion (p=0.59 and 0.86,
respectively).

Association of hepatitis B viral factors and macro-
or microscopic vascular invasion

Of the patients with hepatocellular carcinoma and HBV-
related cirrhosis in our study, approximately 70 % were pos-
itive for serum anti-HBe, and over 80 % had detectable HBV
DNA (≥3 log10 copies/mL). Of the patients who were positive
for serum HBeAg, the presence of micro- or macroscopic
vascular invasion as well as other tumor-related characteris-
tics, including diameter, number, location, metastases, and
histological grade, were not significantly different from those
in HBeAg negative ones. This was also true for patients pos-
itive for anti-HBe or who had detectable HBV DNA levels,
when compared with those who were negative for anti-HBe or
without/undetectable HBV DNA levels <3 log10 copies/mL.
The patients with vascular invasion had higher, albeit not sta-
tistically significant, median HBV DNA than patients without
vascular invasion. Hepatitis B viral factors, including serum
HBeAg and anti-HBe status as well as HBV DNA levels,
were not significantly associated with micro- or macroscopic
vascular invasion in multivariate analyses.

Discussion

For HBV-related HCC patients with underlying cirrhosis, liver
transplantation is an effective simultaneous therapeutic option
for cirrhosis, as well as for HCC, that may offer a chance for
disease-free survival. For many years, researchers have
attempted to expand the Milan criteria to identify more pa-
tients that might benefit from transplantation [41, 42].
However, many studies confirmed that patients with macro-
or microvascular invasion had elevated risk of postoperative
recurrence and decreased long-term survival rate [10, 43, 44].
Thus, the presence of vascular invasion is a key predictor of
prognosis in patients with HCC [43–45]. In this article, our
study of 336 HCC patients with HBV-related cirrhosis
attempted to define some of the predictive factors that might
correlate with micro- or macroscopic vascular invasion in this
specific population. Every patient included in our study
underwent ultrasonography (a gold standard method to eval-
uate the severity of ascites) at the first admission, and all
patients were diagnosed with HCC for the first time in the

hospital. And cohorts showed no obvious differences among
the three hospitals. Consistent with previous studies [15, 19,
43, 46], we found that tumor-related factors including diame-
ter (>5 cm), metastasis, and AFP >1000 ng/mL were signifi-
cantly associated with macrovascular invasion, while a high
tumor grade and AFP >1000 ng/mL were associated with
microvascular invasion. Moreover, we also explored the pos-
sibility that the presence of ascites or hepatitis B viral factors
was correlated with micro- and macrovascular invasion, in
HCC patients with HBV-related cirrhosis, which has rarely
been reported before now.

Ascites is the most common complication of cirrhosis. It
has long been considered that the presence of ascites is a
marker of portal hypertension and an advanced stage of un-
derlying cirrhosis [47, 48]. In the current study, the presence of
ascites was related to micro- and macrovascular invasion.
Specially, in HBV-related HCC and cirrhosis with macroscop-
ic vascular invasion, the more frequent development of ascites
might be primarily a result of the occupation effect of the
tumor, leading to the development of portal hypertension or
exacerbation of preexisting portal hypertension and hepatic
failure. A recent report supported that the presence of ascites,
higher serum bilirubin and α-fetoprotein levels, lower serum
albumin level, and worse performance status, as well as other
factors (such as younger age) may increase the risk of
macrovascular invasion and decrease long-term survival in
HCC patients with curative or noncurative treatments [49].
Patients with macroscopic vascular invasion in our study did
have worse liver function than those without, as reflected by
the higher percentage of patients with Child-Pugh scores in
class B or class C (p<0.001) among patients with vascular
invasion compared with patients without vascular invasion.
However, the serum albumin level and prothrombin time,
two factors thought to be associated with the severity of un-
derlying cirrhosis, were not significantly different between the
two groups. This suggests that ascites are more closely related
to vascular invasion in HBV-related cirrhotic patients with
HCC than the severity of cirrhosis.

In addition, many cirrhosis patients who develop HCC do
not experience hepatic decompensation before or at the time
of diagnosis of liver cancer [50]; therefore, the presence of
ascites might be used as a potential marker of intrahepatic
vascular invasion in HCC. Several studies have reported that
the presence of ascites is associated with poor prognosis and
short survival time as well as intrahepatic and distant tumor
recurrence after intervention therapies in HCC [51, 52]. One
of the reasons for this might be its association with vascular
invasion. It is known that portal hypertension, splanchnic va-
sodilatation, and renal sodium retention are fundamental in the
pathophysiology of ascites formation in patients with cirrhosis
[47, 48, 53, 54]. However, in the present study, we could not
identify the characteristics of the ascites or monitor changes in
portal vein pressure. Whereas, we proposed that in our study,
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they were closely correlated. In addition, it is reported that
ascites was correlated with vascular endothelial growth factor
(VEGF) in ovarian cancer [55, 56], which may also provide
some clues to elucidate the molecular mechanism underlying
this association. Despite these, future studies may also need to
focus on further exploring these findings in terms of tumor
pathology and liver function.

The role of hepatitis B viral factors, including serum
HBeAg and anti-HBe status as well as HBV DNA levels, in
the risk of vascular invasion was also studied. Although HBV
is known to be a carcinogenic factor and is associated with
poor prognosis and tumor recurrence both in resectable and in
inoperable HCC patients [28, 31], none of these hepatitis B
viral factors achieved statistical significance in multivariate or
in univariate analyses of vascular invasion in HCC. Thus, as
for vascular invasion after the development of HCC, it appears
that the characteristics of the tumor itself, such as its diameter,
number of nodules, or histological grading, are more impor-
tant than the etiology-related factors.

Due to the retrospective nature of the study, our study
might not be able to reveal the full landscape about the occur-
rence of vascular invasion in cirrhotic HCC patients; in addi-
tion, the number of patients involved in our study, specifically
patients with microscopic vascular invasion, was relatively
small. Therefore, further studies are needed to confirm these
findings. In spite of these limitations, we found some interest-
ing factors that may help to better understand the nature of
progression of the disease, which should be specially focused
on and further testified in the future cohort study.

In conclusion, aside from characteristics of the tumor itself,
the presence of ascites is independently associated with vascular
invasion in HBV-related cirrhotic HCC patients, whereas hepa-
titis B viral factors might be less relevant. In patients with HCC
resulting from HBV-related cirrhosis and who are found to have
ascites, an increased risk of vascular invasion should be recog-
nized. Surveillance should be performed on a more frequent
basis during and after curative treatment such as liver transplan-
tation to monitor the potential development of recurrence.
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