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Abstract 

Purpose Vessels-encapsulate tumor cluster (VETC) is a vascular pattern distinct from classical 
capillary-like pattern. It is reported that VETC structure is common in hepatocellular carcinoma (HCC) 
and can promote HCC metastasis in an epithelial-mesenchymal transition (EMT)–independent but 
VETC-dependent manner. However, the main metastatic manner of HCC containing both VETC and 
classical vascular structure (we called VETC±) is unknown. 
Methods Vascular pattern types and E-cadherin expression were evaluated by immunohistochemical 
staining in 168 HCC tissues, 50 pairs of primary HCC tissues and intrahepatic metastatic lesions, as well 
as 12 pairs of primary HCC tissues and major portal vein tumor thrombus. Survival and recurrence 
rates were evaluated using Kaplan-Meier analysis. The multivariate Cox proportional hazards model 
was used to determine the independent prognostic factors of HCC.  
Results VETC± cases were more common than VETC+ cases (HCC tissues with a VETC pattern fully 
distributed in the HCC section) in HCC. Statistical analysis showed that VETC± was an independent 
predictor of survival and recurrence. Furthermore, E-cadherin was positively correlated with the 
presence of VETC structure. In the case of HCCs with VETC±, their metastases (both intrahepatic and 
major vascular) were more likely to be VETC negative.  
Conclusions Our findings suggest that EMT may be superior to VETC in promoting HCC metastasis. 
Thus, both anti-EMT and anti-VETC agents should be considered in the case of HCC with VETC±. 

Key words: hepatocellular carcinoma, epithelial-mesenchymal transition, vessels-encapsulate tumor cluster, 
angiogenesis, prognosis. 

Introduction 
Ranked as the sixth most lethal malignancy, 

hepatocellular carcinoma (HCC) draws great 
attention because of its large patient population, 

aggressive behavior, and low response rates to 
treatments [1]. Although surgical resection is 
considered as a potentially curative treatment for 
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HCC patients, it is only amenable to early-stage HCC 
patients but can rarely reverse the poor prognosis of 
advanced HCC patients [2, 3]. Tumor metastasis is the 
major reason for poor prognosis of HCC patients after 
hepatic resection [4]. Thus, understanding the 
mechanisms of HCC metastasis will improve HCC 
treatment outcomes. 

Tumor metastasis is a multistep process which 
can be briefly divided into invasion and metastasis 
[5]. Concretely, for invasion, tumor cells should 
experience a succession of cell-biologic changes, such 
as local invasion and intravasation into nearby vessels 
[6]. Although many other modes of invasion have 
been reported, epithelial-mesenchymal transition 
(EMT) is still considered to play a key role in these 
malignant activities [7, 8]. During EMT, tumor cells 
lose epithelial characteristics and transform into 
mesenchymal cells. The transformed cells then 
acquire multiple attributes that enable tumor cells to 
invade and metastasize [9].  

Intravasation is a process depending on the 
access of tumor cells to vessels, and thus tumors with 
more vessels would be expected to have a higher 
intravasation rate [10]. Actually, tumor-associated 
vasculature has been proved to correlate with tumor 
metastasis [11, 12]. Interestingly, recent studies 
reported a new vascular pattern type, called 
vessels-encapsulate tumor cluster (VETC), is 
associated with HCC metastasis [13-16]. The new 
vascular pattern, which is distinct from classical 
capillary-like vessels, forms a cobweb-like network 
and envelops HCC cells to form tumor islands [15]. 
Evidences showed that VETC is a common vascular 
pattern which promotes HCC metastasis in an 
EMT-independent but VETC-dependent manner [15]. 
These observations prompted us to consider which 
metastatic mode plays a major role during HCC 
metastasis if the tissue containing both VETC and 
classical vascular structure, EMT or VETC?  

In this study, we used tissue microarrays 
containing 168 HCC samples of our center to explore 
the frequency of vascular pattern type in HCC. 
Besides, we collected 50 pairs of primary HCC tissues 
and intrahepatic metastatic lesions, as well as 12 pairs 
of primary HCC tissues and major portal vein tumor 
thrombi (mPVTTs) to explore the major metastatic 
manner of HCC. We find that HCC tissues containing 
both VETC and capillary-like structure are more 
common than those with a VETC pattern in a whole 
HCC section. HCC containing this mixed vascular 
pattern is significantly associated with poor 
prognosis. Moreover, we provide Morphological 
evidence that HCC with this mixed structure may 
probably metastasize via an EMT-dependent manner.  

Methods 
Patients and Follow-up 

In this study, the diagnosis of HCC was based on 
pathology or dynamic contrast-enhanced imaging 
(computed tomography scan or magnetic resonance 
imaging) according to the diagnostic criteria of the 
European Association for the Study of the Liver 
(EASL, 2012). The surgical indications for HCC were: 
(1) patients with Child-Pugh class A or indocyanine 
green at 15 min (ICG15) ≤10%, (2) tumors were 
resectable with adequate future liver volume, (3) 
without extrahepatic metastases. A total of 168 adult 
patients with HCC who underwent curative resection 
between 2006 and 2010 at the Sun Yat-Sen Memorial 
Hospital were enrolled in this study. The inclusion 
criteria of the patients were: (1) distinctive pathologic 
diagnosis of HCC, (2) no anti-cancer treatment before 
hepatic resection, (3) suitable formalin-fixed, 
paraffin-embedded tissues, and (4) complete 
clinicopathologic and follow-up data. The detailed 
clinical characteristics of the 168 patients are 
summarized in Table 1. The TNM classification for 
HCC was based on The American Joint Committee on 
Cancer/TNM Staging for Liver Tumors (7th edition, 
2010). 

The median follow-up of this cohort was 37.7 
months (range, 1-115 months). Patients were checked 
every three to six months during the first two years 
after operations, then every six to twelve months. 
Each time, patients were monitored by examining 
serum AFP levels and performing abdominal 
ultrasound. Magnetic resonance imaging or 
computed tomography, together with chest 
radiographic examination, was performed every three 
to six months, then every six to twelve months. 
Overall survival and time to recurrence were 
considered as the primary endpoints. Overall survival 
was defined as the interval between surgery and 
death or between surgery and the last follow-up time 
for surviving patients. The time to recurrence was 
defined as the interval between surgery and 
recurrence or between surgery and the last follow-up 
time for patients without recurrence. 

In addition, a total of 50 pairs of primary HCC 
tissues and intrahepatic metastatic lesions, as well as 
12 pairs of primary HCC tissues and mPVTTs were 
collected after surgical resection. The tissues were 
formalin-fixed and paraffin-embedded for further 
immunohistochemistry. In this study, the criteria to 
define intrahepatic metastasis were: (1) tumors 
obviously growing from PVTT, (2) multiple satellite 
nodules which are smaller than the main tumor they 
surround, and (3) small single tumor which is present 
near the main tumor with similar histology [17, 18]. 
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The study protocol was approved by the research 
ethics committee of Sun Yat-Sen University. A written 
informed consent was obtained from each patient. 

Construction of tissue microarrays and 
immunohistochemistry 

One hundred sixty-eight HCC samples were 
used for the construction of tissue microarrays as 
described previously [19]. Briefly, duplicate 
cylindrical tissue samples of 1 mm diameter were 
punched from representative tumor areas of donor 
blocks. Immunochemical staining was performed 
according to the manufacturer’s protocols as 
described previously [20]. Antibodies used for 
immunochemical staining were CD34 (clone 
QBEnd/10, 1: 200; Santa Cruz Biotechnology), 
E-cadherin (clone 24E10, 1: 400; Cell Signaling 
Technology), and Snail (PAS-11923, 1: 100; Thermo 
Scientific). 

Immunohistochemical evaluation 
All slides of immunochemical staining were 

evaluated independently by two experienced 
pathologists. The VETC structure was distinguished 
by the presence of vessels that formed cobweb-like 
networks and enveloped HCC cells to form tumor 
islands [13]. The staining result for E-cadherin and 
snail was semi-quantitatively represented by an 
immunohistochemical score combined with the 
intensity and extent of staining. The intensity of 
staining was scored as 0 (negative), 1 (weak), 2 
(strong). The extent of staining was scored as 0 
(negative), 1 (1%-20%), 2 (21%-50%), 3 (51%-75%), and 
4 (76%-100%). The total score was calculated by 
multiplying the staining intensity and the staining 
extent. Each case was finally considered negative if 
the total score was 0 to 1 and positive if the total score 
was over 2. 

Statistical Analysis 
Statistical analysis was performed with SPSS 

software (version 17.0). Cumulative survival and 
recurrence rates were calculated by the Kaplan-Meier 
analysis and the log-rank test. Based on the variables 
selected on univariate analysis, the multivariate Cox 
proportional hazards model was used to determine 
the independent prognostic factors of HCC. 
Quantitative data and categorical data were analyzed 
by the Student’s t test and Fisher’s exact test, 
respectively. P<0.05 was considered statistically 
significant. 

Results 
The vascular pattern types in HCC 

To explore the vascular pattern types in the HCC 
cohort of our center, we assessed the 
immunohistochemical staining for CD34 in tissue 
microarrays of 168 HCC samples. VETC structure was 
commonly found in our cohort (26.2%). However, we 
found that in most of VETC-present HCC tissues, the 
VETC structure was distributed unevenly with 
classical capillary-like pattern (Fig. 1C).  

In order to explore whether this mixed vascular 
pattern was an important factor in determining 
clinical outcomes of HCC patients, we evaluated this 
vascular pattern in 168 HCC samples. We designated 
the cases with a VETC pattern fully distributed in the 
HCC section as VETC+, the cases with mixed vascular 
pattern as VETC±, and those without a VETC pattern 
in a whole HCC section as VETC-. Among 168 HCC 
tissues examined, 73.8% were VETC- cases (124/168) 
(Fig. 1A), 20.2% were VETC± cases (34/168) (Fig. 1C), 
and only 6% were VETC+ cases (10/168) (Fig. 1B). 
Correlation analysis demonstrated that these vascular 
pattern types were significantly associated with 
vascular invasion, tumor encapsulation, tumor size, 
tumor differentiation, and TNM stage (P<0.05) 
(Table 1). 

 

Table 1. Correlation of vascular pattern types with patient's 
clinicopathologic features in HCCs. 

Clinicopathological 
Variables 

Case 
Number 
(n=168) 

Vascular Pattern Types P 
Value VETC- 

(n=124) 
VETC+ 
(n=10) 

VETC± 
(n=34) 

Age   51.15±12.8 49.80±14.4 51.21±13.1 0.661 
Sex Female 32 24 3 5 0.526 

male 136 100 7 29 
Serum AFP ≤20ng/mL 43 31 2 8 >0.999 

>20ng/mL 125 91 8 26 
HBsAg Negative 19 13 2 4 0.507 

Positive 149 109 8 28 
Cirrhosis Absent 40 29 4 7 0.442 

Present 128 95 6 27 
Tumor size ≤5cm 70 59 2 9 0.030* 

>5cm 98 65 8 25 
Vascular 
invasion 

Absent 117 93 6 18 0.031* 
Present 51 31 4 16 

Tumor 
encapsulation 

Absent 78 50 6 22 0.028* 
Present 90 74 4 12 

Tumor 
differentiation 

I-II 110 91 6 13 0.001* 
III-IV 58 33 4 21 

TNM stage I-II 63 54 2 7 0.028* 
III-IV 105 70 8 27 

Abbreviations: AFP, α-fetoprotein; HBsAg, hepatitis B surface antigen; TNM, 
tumor-lymph node-metastasis. * P<0.05. 
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Figure 1. Vascular pattern types in 168 HCC tissues assessed by immunohistochemical staining for CD34. (A) HCC tissues from two different patients have 
abundant capillary-like vessels but have absolutely no VETCs, which were classified as VETC-. (B) HCC tissues from two different patients showed distribution of 
VETC structure in a whole HCC section, which were classified as VETC+. (C) HCC tissues from two different patients displayed mixed vascular structure containing 
both VETC and capillary-like structure, which were classified as VETC±.  

 
 

Prognostic role of VETC± 
To evaluate prognostic value of VETC± in HCC, 

we first performed univariate survival analysis. The 
presence of VETC±, tumor size, vascular invasion, 
tumor differentiation, and TNM stage were associated 
with overall survival and recurrence rates (Table 2). 
Kaplan-Meier analysis revealed HCC patients with 
VETC± had shorter overall survival and higher 

recurrence rates compared with VETC- group (Fig. 2B) 
and VETC+ group (Fig. 2C), respectively. 
Furthermore, Cox’s multivariate proportional hazards 
model indicated that the presence of VETC± was an 
independent predictor of survival (P=0.023) and 
recurrence (P=0.046) in HCC after curative resection 
(Table 2). 
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Table 2. Univerate and multivariate analysis of factors associated with survival and recurrence of 168 HCCs. 

 Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis 
 HR 95% CI P value HR 95% CI P value HR 95% CI P value HR 95% CI P value 
Age  
(≤49.0 vs. >49.0) 

0.743 0.490-1.125 0.161    0.951 0.602-1.322 0.534    

Sex 
(female vs. male) 

0.864 0.499-1.496 0.602    1.503 0.891-2.537 0.127    

Serum AFP 
(≤20 vs. >20ng/mL) 

1.342 0.869-2.074 0.185    1.383 0.926-2.065 0.113    

HBsAg 
(negative vs. positive) 

0.857 0.496-1.483 0.582    0.799 0.470-1.356 0.405    

Tumor encapsulation 
(absent vs. present) 

1.453 0.985-2.142 0.060    1.537 1.065-2.192 0.022*    

Cirrhosis 
(absent vs. present) 

2.013 1.179-3.435 0.010* 2.134 1.231-3.701 0.007* 1.011 0.658-1.552 0.961    

Tumor size 
(≤5 vs. >5cm) 

1.689 1.131-2.522 0.010*    2.266 1.534-3.348 <0.001*    

Vascular invasion 
(absent vs. present) 

2.355 1.579-3.513 <0.001*    2.206 1.471-3.308 <0.001*    

Tumor differentiation 
(I-II vs. III-IV) 

2.318 1.538-3.494 <0.001* 1.546 1.107-2.159 0.011* 2.046 1.522-2.751 <0.001* 1.592 1.141-2.222 0.006* 

TNM stage 
(I-II vs. III-IV) 

2.056 1.349-3.133 0.001*    2.734 1.823-4.100 <0.001* 2.492 1.016-6.117 0.046* 

Vascular pattern types 
(VETC-, VETC+ vs. VETC±) 

2.181 1.409-3.377 0.001* 1.674 1.072-2.612 0.023* 2.563 1.659-3.961 <0.001* 1.625 1.009-2.617 0.046* 

 
 

 
Figure 2. Kaplan-Meier curves of overall survival and time to recurrence were shown for patients with HCC. (A) HCC Patients with VETC- showed no differences 
in overall survival (left panel) and recurrence rates (right panel) compared with HCC patients with VETC+. (B, C) The presence of VETC± in HCC tissues was 
associated with shorter overall survival (left panel) and higher recurrence rates (right panel) compared with patients with (B) VETC- and (C) VETC+, respectively.  
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Figure 3. The presence of VETC structure was positively correlated with E-cadherin expression. (A) E-cadherin was lowly expressed in VETC- HCC tissues, and (B) 
highly expressed in VETC+ HCC tissues. (C) E-cadherin expression was highly expressed in VETC positive area, but lowly expressed in VETC negative area in VETC± 
HCC tissues. (D, E) High expression of E-cadherin was more frequently found in VETC-present HCC tissues (D), especially in HCC tissues of VETC+ group (E).  

 

The presence of VETC structure is positively 
correlated with E-cadherin expression but 
negatively correlated with snail expression 

E-cadherin is an important epithelial marker, 
and its functional loss is considered a hallmark of 
EMT [8]. To determine whether vascular pattern type 
is correlated with E-cadherin expression in HCC, we 
detected the expression of E-cadherin in the same 
tissue microarrays of 168 HCC samples. E-cadherin 
expression was down-regulated in VETC- patients 
(Fig. 3A), and up-regulated in VETC+ patients (Fig. 
3B). Interestingly, in VETC± group, E-cadherin 
expression was higher in VETC positive area, 
compared with VETC negative area of the same 
section (Fig. 3C). Inversely, the expression of snail was 
negatively correlated with the presence of VETC 
structure (Fig. S1). Statistical analysis showed that the 
presence of VETC structure was significantly 
associated with increased E-cadherin expression (Fig. 
3D). In addition, there were significantly more 
patients with positive E-cadherin expression in 
VETC+ group than in VETC± group (Fig. 3E). 

EMT is the main manner for intrahepatic 
metastasis in VETC± patients 

Previous studies have demonstrated that VETC 
could promote HCC metastasis in a VETC-mediated 
manner [15]. To investigate the main metastatic 
manner of HCC with VETC±, vascular pattern type 
was detected in primary and intrahepatic metastatic 
lesions of HCC. Overall, 50 pairs of HCC samples 

were examined. In primary lesions, 68% (34/50) were 
VETC- (VETC- group), 10% (5/50) were VETC+ cases 
(VETC+ group), and 22% (11/50) were VETC± cases 
(VETC± group). The vascular pattern types of 
intrahepatic metastatic lesions of VETC- and VETC+ 
groups were consistent with their primary lesions 
(Fig. 4A, B, upper). However, in the 11 intrahepatic 
metastatic lesions of VETC± group, nine (81.8%) were 
VETC negative, and two (18.2%) were VETC positive 
(Fig. 4C, upper panel; Fig. S2, upper panel). Moreover, 
the expression of E-cadherin was positively correlated 
with the presence of VETC structure (Fig. 4A-C, lower 
panel; Fig. S2, lower panel). These results suggested 
that EMT may be the main manner during 
intrahepatic metastasis in both VETC± and VETC- 
cases. 

EMT may be the main manner for major 
vascular invasion in VETC± patients 

To further investigate the main metastatic 
manner of VETC± HCC, we examined the vascular 
pattern types in 12 paired HCC and mPVTT tissues. 
Among the 12 primary HCC tissues, seven were 
VETC- cases (VETC- group), five were VETC± cases 
(VETC± group) (Fig. 5A, B, left). However, the 
vascular pattern types of mPVTTs in both groups 
were all VETC negative (Fig. 5A, B, right). These data 
suggested that tumor cells of HCC with VETC± may 
invade into major vasculature through an 
EMT-dependent manner. 
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Figure 4. Vascular pattern type and E-cadherin expression in 50 paired primary and intrahepatic metastatic lesions. (A, B, upper panel) Vascular pattern types of 
intrahepatic metastatic lesions were similar to their corresponding primary lesions in (A) VETC- and (B) VETC+ group. (C, upper panel) Intrahepatic metastatic lesions 
from VETC± group showed no VETCs. (A-C, lower panel) In serial sections, E-cadherin expression was highly expressed in VETC positive area, but lowly expressed 
in VETC negative area in HCC tissues.  
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Figure 5. Vascular pattern type and E-cadherin expression in 12 paired HCC and mPVTT tissues. (A) The vascular pattern types of mPVTTs in VETC- group were 
consistent with their primary lesions. (B) The vascular pattern types of all mPVTT sections of VETC± group were VETC negative. Abbreviation: mPVTT, major portal 
vein tumor thrombus. 

 

Discussion 
VETC is a peculiar vascular structure in which 

tumor cells are enveloped by endothelial cells to form 
tumor islands [13]. A previous study reported that 
VETC was observed in most cases of HCC, renal cell 
carcinomas, and follicular thyroid carcinomas, but 
was rarely seen in other seven kinds of cancer, such as 
lung and stomach cancer [16]. Later, a study 
demonstrated that VETC was commonly found in 
HCC (39%), and the presence of VETC structure was 
an independent prognostic indicator of both shorter 
overall survival and higher recurrence rates [14]. Our 
data were consistent with these results. In our cohort 
of 168 HCC cases, VETC structure can be found in 
26.2% of HCC cases. However, we found that in most 
of VETC-present HCC tissues, the VETC structure 
was distributed unevenly with capillary-like pattern. 
In order to elucidate whether this mixed vascular 
pattern was an important factor in determining 
clinical outcomes of HCC patients, we classified 
vascular pattern as VETC-, VETC+, and VETC± 
according to the proportion of VETC structure. 
Accordingly, the presence of VETC± was more 
common than VETC+ (20.2% vs. 6%). Furthermore, 
Kaplan-Meier analysis showed that HCC patients 
with VETC± had worse prognoses than those with 
VETC- or VETC+. Additionally, multivariate analysis 
revealed that the presence of VETC± was an 
independent and significant risk factor for survival 
and recurrence of HCC after curative resection. Our 

clinical data strongly suggested that VETC± may 
contribute to the progression of HCC. 

A recent study demonstrated that VETC could 
promote metastasis of HCC in an EMT-independent 
but VETC-mediated manner [15]. They showed 
evidences that endothelium-coated tumor cell clusters 
were frequently found in livers and lungs of 
VETC-present HCC xenograft mice [15]. However, 
whether this phenomenon exists in human HCC 
tissue remains unknown. In this study, we found that 
the vascular pattern of both primary and intrahepatic 
metastatic lesions of VETC+ group was VETC 
positive. However, our results also showed that when 
HCC tissues consisted of both VETC positive and 
VETC negative structure, the vascular pattern of their 
metastases (both intrahepatic and major vascular) was 
more likely to be VETC negative. Thus, our results 
suggested that HCC containing both VETC and 
capillary-like structure may prefer to metastasize in a 
VETC-independent manner.  

Our results showed that the presence of VETC 
structure was positively correlated with E-cadherin 
expression, even in the same HCC tissue section. 
Interestingly, statistical results showed that in 168 
HCC cases, VETC± group has lower proportion of 
E-cadherin-positive cases than VETC+ group (35.3% 
vs. 70%). The main reason for these results is that most 
cases of VETC± group contained a small area of VETC 
structure, which were corresponding to a low extent 
of E-cadherin staining or even deficient expression of 
E-cadherin. E-cadherin is a key bio-marker for EMT 
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[8]. Almost all the EMT-inducing transcription factors 
are reported to be capable of repressing E-cadherin 
expression, which are considered to be critical events 
during EMT [21]. Thus, our results implied that HCC 
with VETC± may metastasize potentially through an 
EMT-dependent manner. Consistent with this, we 
found that E-cadherin was down-regulated in 
metastatic lesions of not only VETC- group, but also 
VETC± group. In addition, our data also showed that 
the expression of snail, one of the key transcription 
factors during EMT [8], was negatively correlated 
with the presence of VETC structure in 168 HCC 
cases. These findings indicated that EMT may be the 
main manner for HCC with VETC± to metastasize. 

Personalized treatment according to the 
presence of molecular targets will improve the 
outcomes for patients with malignant diseases [22]. To 
date, many agents have been reported to be capable of 
inhibiting EMT [23]. On the other hand, Angiopoietin 
2 (Ang2) has been proved to be a critical determinant 
in VETC formation as well as VETC-mediated 
metastasis, suggesting that anti-Ang2 treatment may 
be beneficial for VETC-present patients [15]. 
However, our data indicated that in cases of HCC 
with VETC±, both anti-EMT and anti-VETC agents 
should be considered because the tumor cells may 
probably metastasize via an EMT-dependent manner.  

In this study, we make our conclusions only 
through immunohistochemical findings. However, 
more studies are required to elucidate the molecular 
mechanism how VETC± promotes metastasis in HCC. 
Despite this limitation, our study indicates that the 
presence of VETC± in HCC is a strong prognostic 
predictor of poor clinical outcome. HCC with VETC± 
may be more likely to metastasize in a 
VETC-independent but EMT-dependent manner, 
which suggests that EMT may be superior to VETC in 
promoting VETC± cases metastasis. Our data also 
provide a clue that both anti-EMT and anti-VETC 
agents should be considered in the case of HCC with 
VETC±. Hopefully, our results may provide a clue for 
developing personalized medicine for HCC patients. 
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