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Abstract: Objective: The aim of this study was to inves-
tigate the clinicopathological and immunohistochemical 
(including VEGF, Akt, HSP70, and HSP20 expression) 
factors that affect the overall and disease-free survival 
of HCC patients following surgical resection. Methods: 
234 patients with HCC following surgical resection were 
enrolled. Clinicopathological and survival data were 
analyzed, and immunohistochemical staining was per-
formed on tissue microarray sections using the anti-
VEGF, anti-Akt, anti-HSP70, and anti-HSP27 antibodies. 
Results: The 3- and 5-year overall survival rates were 86.5 
and 81.54%, respectively. Multivariate analysis revealed 
that VEGF expression (P = 0.017, HR = 2.573) and T stage 
(P < 0.001, HR = 4.953) were independent prognostic 
factors for overall survival. Immunohistochemical stain-
ing showed that the expression of Akt, HSP70, and HSP27 
did not affect the overall survival rate. The 3- and 5-year 
disease-free survival rates were 58.2 and 49.4%, respec-
tively. Compared to the VEGF(−)/(+) group, the VEGF(++)/
(+++) group demonstrated significantly higher propor-
tion of patients with AFP levels > 400 ng/mL, capsule 
invasion, and microvascular invasion. Conclusion: VEGF 
overexpression was associated with capsule invasion, 
microvascular invasion, and a poor overall survival rate.

Keywords: Hepatocellular carcinoma, hepatic resection, 
prognostic marker, VEGF

1  Introduction
Surgical resection of hepatocellular carcinoma (HCC) 
is the treatment of choice for patients with good liver 
function [1–3]. Improvements in surgical techniques, 
instruments, anesthesiology methods, and intensive and 
general care practices have led to steady improvements in 
surgical outcomes and prognosis for HCC patients [4]. In 
these patients, prognosis is not only influenced by patho-
logical characteristics of the tumor, such as its size, stage 
of differentiation, and vascular invasion, but also by the 
severity of underlying liver cirrhosis [1, 2, 5–8]. 

HCC is a highly vascularized type of tumor. Angio-
genesis plays an important role in the development and 
progression of HCC. Vascular endothelial growth factor 
(VEGF) is a crucial angiogenic factor and is frequently 
expressed in HCC [9]. The prognostic impact of VEGF 
expression has been studied previously [10, 11]. The phos-
phatidylinositol 3-kinase (PI3K)/Akt pathway is com-
monly activated in human cancers [12]. Increased PI3K/
Akt expression has been observed during cell prolifera-
tion, adhesion, migration, invasion, and apoptosis [13, 14]. 
Heat shock proteins (HSP) are involved in the regulation of 
cell cycle progression and apoptosis during tumorigenesis 
[15, 16]. HSP70 and HSP27 are potent anti-apoptotic HSPs 
[17] and their overexpression is associated with poor prog-
nosis in cancer patients [18].

In this study, using immunohistochemical analysis, 
we investigated the impact of various molecular markers 
that are known to have crucial roles in tumorigenesis, on 
the prognosis of HCC patients following surgical resection.

2  Patients and methods

2.1  Patients

Between January 2004 and December 2013, 234 HCC 
patients who were operated on with curative intention 
at the Department of Surgery, Korea University Guro 
Hospital, Korea University College of Medicine, Seoul, 
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Korea, and whose good quality paraffin-embedded tissue 
samples were available were included in this study. 
Patients who had concomitant malignancy or those whose 
good quality paraffin-embedded tissue samples were not 
available were excluded from the present study. Clini-
cal, histopathological, and survival data were reviewed 
and analyzed retrospectively. Levels of alpha-fetoprotein 
(AFP), Child–Pugh classification, effects of preoperative 
treatments such as radiofrequency ablation (RFA) or tran-
sarterial chemoembolization (TACE), type of operative 
procedure, and disease recurrence were analyzed. Patho-
logical characteristics, including tumor size and number, 
satellite nodules, presence of vascular invasion, capsular 
invasion, and stage of differentiation were examined. All 
specimens were graded on the basis of the degree of tumor 
differentiation, using the World Health Organization 
(WHO) grading system described in the International Clas-
sification of Diseases for Oncology (ICD-O) [19]. Patient 
staging was performed according to the TNM American 
Joint Committee on Cancer (AJCC) classification system 
[20]. This study protocol was reviewed and approved by 
the Institutional Review Board of Korea University Hospi-
tal (No. KUGH13082-001).

Informed consent: Informed consent has been obtained 
from all individuals included in this study.

2.2  Tissue microarray

Hematoxylin and eosin (H&E) staining for tissue sections 
obtained from the 234 HCC patients was performed. The 
stained sections were examined and subjected to immu-
nohistochemical analysis. The corresponding paraf-
fin-embedded tissue blocks were precisely aligned with 
the pre-marked slides. A high-precision manual tissue 
arrayer (Beecher Instruments, Silver Spring, MD) was used 
for sampling 0.6-mm sample cores from the tumor areas of 
the paraffin-embedded tissue samples in triplicates. 

2.3  Immunohistochemical staining 

Immunohistochemical staining was performed on the 
tissue microarray sections. Briefly, paraffin was removed 
from the samples using xylene. The samples were rehy-
drated using a graded series of alcohol. Subsequently, 
they were transferred to citric acid buffer (10 mmol/L) and 
heated in a microwave oven (700 W, 12 min) for antigen 
retrieval. Endogenous peroxidases were inhibited using 
a solution of 3% hydrogen peroxide in methanol. Normal 

goat serum was used for blocking non-specific binding. 
Next, the tissue samples were incubated with the respec-
tive primary antibody at room temperature for 30 min. 
Anti-VEGF (VEGF [Ab3], 1:800; Calbiochem, Oncogene 
Research Products, Cambridge, MA), anti-Akt (V-Akt 
murine thymoma viral oncogene homolog 1, 1:100; Cell 
Signaling Technology, Beverly, MA, USA), anti-HSP70 
(1:50; Neomarker, Fremont, CA, USA), and anti-HSP27 
(1:50; Neomarker) antibodies were used. Samples were 
washed with PBS-Tween (PBST) and incubated with the 
biotinylated secondary antibody for 30 min. After washing 
the samples one more time with PBST, they were incubated 
with the streptavidin–peroxidase complex for 30  min. 
Next, 3,3’-diaminobenzidine (DAB; DAKO, Carpinteria, 
CA, USA), a chromogen, was applied to the samples for 
5 min. The slides were counterstained using hematoxylin, 
rinsed with water, dehydrated, cleared, and cover-slipped. 
The surrounding non-tumorous liver tissue served as an 
internal positive control. Negative control was obtained 
by replacing the primary antibody with non-immunized 
rabbit serum.

2.4  Immunohistochemical analysis and 
scoring 

For VEGF immunohistochemical staining, majority of 
tumor cells were stained in the cytoplasm. For Akt, HSP70 
and HSP27, any staining either in the cytoplasms or nuclei 
was regarded as positive. 

A histoscore system was used for quantification of the 
results. Histoscores were determined by multiplying the 
percentage of positive cells with the intensity of staining. 
The grades were assigned according to the staining inten-
sity (0, no staining; 1, weak; 2, moderate; and 3, strong 
staining). Scores from 0 to 5 were assigned according to 
the percentage of stained cells (0, no stained cells; 1, < 
5%; 2, 6–25%; 3, 26–50%; 4, 51–75%; and 5, > 75% stained 
cells). The final scores were calculated as staining inten-
sities multiplied by the score of the percentage of stained 
cells in the corresponding area. The final score for each 
specimen was categorized as follows: 0, negative (−); 1 to 
4, weak positive (+); 5 to 9, moderate positive (++); 10 to 15, 
strong positive (+++). 

2.5  Statistical analysis 

Statistical analysis was performed using IBM SPSS Statis-
tics 20 (SPSS Inc. Chicago, Illinois, USA). Survival time was 
measured from the date of surgery. Overall survival was 
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defined as the time from surgery until death. Disease-free 
survival (DFS) was defined as the time from the date of 
surgery until the date when recurrence was detected. 
Survival of the patients was calculated using the Kaplan–
Meier method. Clinicopathological factors were analyzed 
using the univariate Kaplan–Meier method. The log-rank 
test was used for identifying the prognostic factors for 
overall survival and disease-free survival in HCC patients. 
Cox proportional hazards model was used for predictors 
that were considered to be significantly important in the 
univariate analysis. Groups were compared using Pear-
son’s chi-square test. A P-value < 0.05 was considered to 
be statistically significant.

3  Results

3.1  Clinicopathological characteristics

In this study, 196 patients were males and 38 were females. 
The mean patient age was 56 ± 10.3 years (range, ~29–84 
years). The Child–Pugh classification was as follows: 217 
patients were categorized as belonging to class A, 16 to 
class B, and 1 to class C. Forty-five patients underwent pre-
operative treatments (TACE, 34; RFA, 4; TACE and RFA, 7). 

Etiology of cirrhosis was identified as HBV in 182 
(87.85%), HCV in 17 (7.3%), alcoholic hepatitis in 11 (4.7%), 
and cryptogenic in 24 (10.3%) patients. The operative pro-
cedures used were as follows: wedge resection, 74; right 
anterior sectionectomy, 7; right posterior sectionectomy, 
13; right hemihepatectomy, 34; left lateral sectionectomy, 
18; left hemihepatectomy, 15; bisegmentectomy, 7; central 
bisectionectomy, 3; trisectionectomy, 2; laparoscopic 
wedge resection, 29; segmentectomy, 25; laparoscopic 
left hemihepatectomy, 1; and laparoscopic left lateral sec-
tionectomy, 6 patients. 

The mean tumor size was 3.8 ± 3 cm (range, 0.7–18 cm). 
As for the number of tumors, 200 (85.5%) patients had a 
single tumor, 27 (11.5%) had two tumors, and 7 (3%) had 
more than three tumors. Pathological analysis revealed 
that the tumors were well differentiated in 19 (8.1%), mod-

erately differentiated in 117 (50%), poorly differentiated 
in 89 (38%), and undifferentiated in 9 (3.8%) patients. 
According to the AJCC staging system [20], the following 
tumor stages were observed: T1 in 133 (56.8%), T2 in 70 
(29.9%), T3 in 20 (8.5%), and T4 in 11 (4.7%) patients. The 
final AJCC stages were stage I observed in 132 (56.4%), 
stage II in 71 (30.3%), stage III in 30 (12.8%), and stage IV 
in 1 (0.4%) patients. 

Results of immunohistochemical analysis for each 
molecular marker have been shown in Table 1. Fig. 1 shows 
immunohistochemical staining patterns for all molecular 
markers. The patterns of VEGF expression (Fig. 2) were as 
follows: negative (−) in 99 (42.3%), weak positive (+) in 98 
(41.9%), moderate positive (++) in 29 (12.4%), and strong 
positive (+++) in 8 (3.4%) patients. 

3.2  Clinicopathological and immunohisto-
chemical factors affecting overall survival 
rates in HCC patients

The 3- and 5-year overall survival rates for the 234 patients 
who underwent liver resection were 86.5 and 81.54%, 
respectively (Fig. 3a). Univariate analysis revealed that 

Table 1: The results of immunohistochemical stain for VEGF, Akt, HSP70 and HSP27 in HCC patients 

VEGF Akt HSP70 HSP27

Negative (-) 0 99 (42.3%) 103(44.0%) 45(19.2%) 23(9.8%)

Weak (+) 1-4 98 (41.9%) 58(24.8%) 47(20.1%) 44(18.8%)

Positive(++) 5-9 29 (12.4%) 46(19.7%) 90(38.5%) 109(46.6%)

Strong (+++) 10-15 8(3.4%) 27(11.5%) 52(22.2%) 58(24.8%)

Figure 1: Results of immunohistochemical analysis in HCC. Expres-
sion of (a) VEGF in the cytoplasm, (b) Akt, (c) HSP70 and (d) HSP27 in 
the cytoplasm and nucleus of cancer cells (×200)
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sex, age, AFP levels, tumor size, tumor number, capsule 
invasion, microvascular invasion, and tumor grade did 
not affect overall survival in HCC patients. Child–Pugh 
class (A vs. B or C; P = 0.048), T stage (T1 or T2 vs. T3 or 
T4; P < 0.001), and TNM stage (P < 0.001) were the impor-
tant prognostic factors for overall survival. Univariate 
analysis showed the expression levels of Akt, HSP70, 
and HSP27 protein were not correlated with overall sur-
vival of patients with HCC (Fig. 3d-f). Expression analysis 
showed that patients with higher VEGF expression levels 
[VEGF(++) or VEGF(+++), 5YSR = 64.3%] demonstrated 
considerably less overall survival rates than those with 
lower VEGF expression levels [VEGF(−) or VEGF(+), 5YSR 
= 82.6%, P = 0.024) (Fig. 3c, Table 2).

Multivariate analysis of prognostic factors for overall 
survival using the Cox proportional hazards model has 
been shown in Table 3. VEGF expression [P = 0.017, Hazard 

Table 2: Clinicopathological and immunohistochemical prognostic factors affecting on overall Survival

Factor N 3YSR 5YSR P value

Sex M 196 85.4 79.5 0.733
F 38 91.8 84.8

Age ≤ 60 148 83.6 78.3 0.415
> 60 86 91.7 83.4

Child-Pugh class A 217 87.3 80.3 0.048
B, C 17 76.0 65.2

AFP ≤ 400 ng/ml 186 87.6 81.5 0.740
> 400 ng/ml 36 81.3 73.1

Tumor size ≤ 5cm 187 86.8 78.9 0.585
> 5cm 47 85.5 73.3

Tumor number Single 200 84.6 79.0 0.193
≥two 34 97.1 86.3

T stage T1, T2 203 90.8 85.6 <0.001
T3, T4 31 58.7 39.8

Capsule invasion Negative 173 87.9 81.9 0.263
Positive 61 82.1 70.8

Microvascular invasion Negative 158 87.3 81.1 0.990
Positive 76 84.5 78.6

Grade Well or moderate 136 87.1 82.2 0.678
Poorly or undifferentiated 98 85.7 78.1

Stage I 132 87.5 84.0 <0.001
II 71 98.2 88.3
III 30 57.2 37.9
IV 1 0 0

VEGF expression (-) or (+) 197 88.0 82.6 0.024
(++) or (+++) 37 77.4 64.3

Akt (-) or (+) 161 86.6 80.1 0.897
(++) or (+++) 73 85.7 75.7

HSP70 (-) or (+) 92 88.8 82.5 0.344
(++) or (+++) 142 84.9 78.7

HSP27 (-) or (+) 67 86.0 79.9 0.772
(++) or (+++) 167 86.4 80.1

3YSR; 3-year survival rate
5YSR; 5-year survival rate

Figure 2: Immunohistochemical analysis for VEGF in HCC. (a) 
VEGF(−), (b) VEGF(+) (weak positive), (c) VEGF(++) (moderate posi-
tive), and (d) VEGF(+++) (strong positive) (×200)
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ratio (HR) = 2.573) and T stage (P < 0.001, HR = 4.953) were 
identified as independent prognostic factors for overall 
survival. 

Figure 3: (a) Overall survival curve for the 234 HCC patients following surgical resection, (b) disease-free survival curve, and overall survival 
curves on the basis of (c) VEGF expression, (d) Akt expression, (e) HSP70 expression, and (f) HSP27 expression.

Table 3: Multivariate analysis of prognostic factors for overall survival and disease free survival

Overall survival
Prosgnotic factor category P value HR 95% CI

Child-Pugh class A
B or C 0.060 2.153 0.967-4.795

T stage T1, T2
T3, T4 <0.001 4.953 2.591-9.466

VEGF (-), (+)
(++), (+++) 0.017 2.573 1.187-5.581

Disease free survival
Prosgnotic factor category P value HR 95% CI

Child-Pugh class A
B or C <0.001 3.033 1.707-5.390

T stage T1, T2
T3, T4 <0.001 3.357 1.958-5.756

Capsule invasion Negative
Positive 0.665 1.111 0.690-1.788

HR; hazard ratio
CI; confidence interval



 Prognostic effect of VEGF expression in HCC   435

3.3  Clinicopathological and immunohis-
tochemical factors affecting disease-free 
survival rates in HCC patients 

Of the 234 patients, 101 (43.2%) patients experienced 
disease recurrence. The patterns of recurrence were as 
follows: intrahepatic in 80 (79.2%), extrahepatic in 3 
(3%), and both intrahepatic and extrahepatic in 18 (17.8%) 
patients. The 3- and 5-year disease-free survival rates for 
the 234 patients who underwent liver resection were 58.2 
and 49.4%, respectively (Fig 3b). Univariate analysis for 
disease-free survival showed that sex, age, preoperative 
AFP level, tumor size, tumor number, and microvascu-
lar invasion did not affect overall survival. Child–Pugh 
class (P < 0.001), T stage (P < 0.001), capsule invasion (P 
= 0.011), and TNM stage (P < 0.001) were important prog-

nostic factors affecting disease-free survival (Table 4). 
The expression levels of VEGF, Akt, HSP70, and HSP27 
did not significantly affect disease-free survival. Analysis 
using the Cox proportional hazards model showed that 
Child–Pugh class (P < 0.001, HR = 3.033) and T stage (P 
< 0.001, HR = 3.357) were important prognostic factor for 
disease-free survival in HCC patients (Table 3). 

3.4  Comparison of clinicopathological and 
immunohistochemical factors in patients 
categorized on the basis of VEGF expression

Table 5 demonstrates the clinicopathological and immu-
nohistochemical differences in patients categorized on 
the basis of VEGF expression [VEGF(−)/(+) vs. VEGF(++)/

Table 4: Clinicopathological and immunohistochemical prognostic factors affecting on disease free survival

Factor N 3YSR 5YSR P value

Sex M 196 55.4 47.5 0.112
F 38 72.0 60.0

Age ≤ 60 148 59.2 49.2 0.825
> 60 86 56.7 49.9

Child A 217 61.4 53.2 <0.001
B, C 17 18.8 0

AFP ≤ 400 ng/ml 186 56.8 48.2 0.945
> 400 ng/ml 38 60.0 56.1

Tumor size ≤ 5cm 187 59.3 50.8 0.707
> 5cm 54.5 44.4

Tumor number Single 200 55.9 48.3 0.279
≥two 34 72.1 55.1

T stage T1, T2 203 62.6 54.9 <0.001
T3, T4 31 27.5 14.6

Capsule invasion Negative 173 62.2 53.9 0.011
Positive 61 47.2 37.8

Microvascular invasion Negative 158 58.0 49.3 0.938
Positive 76 58.2 48.3

Grade Well or moderate 136 58.8 47.5 0.866
Poorly or undifferentiated 98 57.4 51.2

Stage I 132 60.7 53.9 <0.001
II 71 65.4 56.5
III 30 29.5 15.7
IV 1 0 0

VEGF expression (-) or (+) 197 58.5 49.5 0.477
(++) or (+++) 37 57.2 50.0

Akt (-) or (+) 161 55.0 43.3 0.114
(++) or (+++) 73 67.6 67.6

HSP70 (-) or (+) 92 61.3 43.4 0.697
(++) or (+++) 142 56.3 53.6

HSP27 (-) or (+) 67 60.4 48.7 0.736
(++) or (+++) 167 56.8 49.5

3YSR; 3-year survival rate
5YSR; 5-year survival rate
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(+++) groups]. Compared to the VEGF(−)/(+) group, the 
VEGF(++)/(+++) group demonstrated a significantly 
higher proportion of patients with AFP levels higher than 
400 ng/mL (P = 0.040), presence of capsule invasion (P 
= 0.029), and microvascular invasion (P = 0.022). Other 
prognostic factors were not significantly different between 
these two groups. 

4  Discussion
Survival outcome of patients with HCC has considerably 
improved [4]; however, the rate of disease recurrence fol-
lowing surgical resection is high [11, 21] and the effects of 
postoperative adjuvant therapy are not satisfactory [22]. 
In the present study, using clinicopathological and immu-
nohistochemical analysis, we demonstrated that Child–
Pugh class, T stage, and VEGF expression were important 

prognostic factors affecting overall survival following sur-
gical resection in HCC patients. 

Long-term prognosis of patients with HCC follow-
ing surgical resection has remained unsatisfactory due 
to high recurrence rates of this disease [6, 23]. Previous 
studies have identified several factors that affected prog-
nosis of patients with HCC following surgical resection. 
Important prognostic factors associated with increased 
disease recurrence were serum AFP levels [7], type of 
tumor [8, 23], tumor size [7, 24], stage of differentiation [23, 
24], microvascular invasion [6, 8, 23−25], satellitosis [7, 21], 
and resection margin [6, 23].

Microvascular invasion is one of the most significant 
prognostic factors affecting overall survival or recurrence 
[6, 8, 23, 25]. It is defined as a microscopic tumor inva-
sion detected in portal or hepatic vein of the surrounding 
liver tissue, which is contiguous to the tumor [8]. In our 
study, microvascular invasion was not observed to be an 

Table 5: Comparison of clinicopathological and immunohistochemical results according to VEGF expression

Factor VEGF  (-) / (+) VEGF (++) / (+++) P value

Sex M 167 29 0.333
F 30 8

Age ≥ 60 124 24 0.824
< 60 73 13

Child-Pugh class A 180 37 0.064
B, C 17 0

AFP ≥ 400 ng/ml 160 26 0.040
< 400 ng/ml 26 10

Size ≥ 5cm 154 33 0.125
< 5cm 16 4

Number Single 170 30 0.409
≥two 27 7

T T1, T2 173 30 0.267
T3, T4 24 7

Capsule invasion Negative 151 22 0.029
Positive 46 15

Microvascular nvasion Negative 139 19 0.022
Positive 58 18

Grade Well or moderate 118 18 0.203
Poorly or undifferentiated 79 19

Stage I 117 15 0.177
II 56 15
III 23 7
IV 1 0

Akt (-) or (+) 135 26 0.834
(++) or (+++) 62 11

HSP70 (-) or (+) 78 14 0.841
(++) or (+++) 119 23

HSP27 (-) or (+) 55 12 0.577
(++) or (+++) 142 25

Recurrence No 112 21 0.991
Yes 85 16
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important prognostic factor for survival of HCC patients, 
although the high VEGF expression group demonstrated 
significantly higher microvascular invasion than the other 
groups. Similarly, in a previous study, immunohistochem-
ical analysis showed that VEGF expression in HCCs with 
microscopic vascular invasions was significantly higher 
than that in HCCs without microscopic vascular invasions 
[26]. It is difficult to predict the presence of microvascu-
lar invasions preoperatively. Previously, a study aiming to 
define preoperative predictors of microvascular invasion 
in multinodular HCC showed that serum AFP levels > 400 
mg/L, total tumor diameter > 8 cm, and the presence of > 
3 tumors were predictors of microvascular invasion [25]. 

Angiogenesis involves a cascade of sequential steps 
that ultimately leads to the neovascularization of tumors. 
The most potent angiogenic factor involved in tumor pro-
gression is VEGF [27]. HCC is a highly vascularized type 
of tumor. The prognostic impact of VEGF in HCC has 
been previously reported [9, 10, 26–29]. In a meta-anal-
ysis [29] that aimed at understanding the prognostic 
impact of serum levels and tissue expression of VEGF, it 
was observed that high VEGF tissue levels predicted poor 
overall (HR = 2.15, 95% CI = 1.26–3.68) and disease-free 
(HR = 1.69, 95% CI = 1.23–2.33) survival. And high serum 
VEGF levels predicted poor overall (HR = 2.35, 95% CI = 
1.80–3.07) and disease-free (HR = 2.36, 95% CI = 1.76–3.16) 
survival. Tissue and serum VEGF levels appeared to be 
important prognostic factors for estimating overall sur-
vival in HCC patients, and may also be useful for defin-
ing prognosis in these patients [29]. In one study, patients 
belonging to the high VEGF expression group had signif-
icantly higher capsular infiltration, vascular invasion, 
and intrahepatic metastasis rates, thereby suggesting that 
these tumors were clinically aggressive [30]. 

The PI3K/Akt pathway plays important roles in the 
regulation of cell growth, survival, and apoptosis inhi-
bition. It also plays an important role in hepatocarcino-
genesis. pAkt overexpression was associated with the 
tumor grade, intrahepatic metastasis, and microvascular 
invasions [31]. One study showed that inactivation of the 
Akt/ERK pathway via the upregulation of PTEN resulted in 
the suppression of proliferation, migration, and invasion 
of HCC cells, coupled with apoptosis [32]. Another study 
demonstrated that microRNA-21 decreased PTEN expres-
sion levels, which resulted in the activation of Akt and/
or ERK, and enhancement of cell proliferation and epithe-
lial–mesenchymal transition in HCC cells [33]. However, 
in the present study, immunohistochemical analysis 
revealed that the expression of Akt was not an important 
prognostic factor for survival in HCC patients following 
surgical resection. 

In our study, the expression of HSP70 and HSP27 did 
not affect the overall survival of HCC patients. It has been 
reported that HSP70 expression was significantly corre-
lated with poor histological grade of differentiation, lack 
of tumor capsule, and microvascular invasion [34]. HSP70 
immunoreactivity was specifically detected in tumor cells 
and was closely associated with the pathological param-
eters associated with tumor progression, such as large 
tumor size, portal vein invasion, and advanced tumor 
stage [35]. HSP27 expression was previously shown to be 
associated with the histological grade and survival of HCC 
patients [36]. Consistent with our results, HSP27 expres-
sion did not correlate with clinicopathological factor in 
overall HCC group in one study, however, the correlation 
with the prognosis in HBV-associated group was sig-
nificant [37]. Although very heterogeneous results were 
obtained in various studies, HSP70 and HSP27 expression 
levels may play important roles in hepatocarcinogenesis. 
HSP70 is especially interesting, because it can contribute 
to tumor progression by promoting tumor cell prolifera-
tion in HCC [35]. The anti-apoptotic functions of HSP70 
may play an important role in tumor cell proliferation 
and tumor progression in HCCs, which display high HSP 
expression [38, 39].

In conclusion, in HCC patients with relatively good 
liver function, following surgical resection, higher VEGF 
expression in HCC tissue was a poor prognostic factor in 
HCC patient. The expression of Akt, HSP70, and HSP27 
did not affect overall survival of HCC patients. High VEGF 
expression was associated with the presence of capsule 
and microvascular invasion, and consequently with 
poor overall survival. Molecular targeted therapy is a key 
advancement for the development of novel HCC drugs. 
Recently, molecular targeted therapy has been applied in 
advanced HCCs that could not be surgically treated [40, 
41]. Studies for analyzing molecular targets and the under-
lying pathogenesis mechanisms involved are necessary to 
predict the outcome(s) of HCC, as well as to understand 
tumor biology in HCC patients. In the future, the devel-
opment of novel drugs would be critical for overcoming 
resistance to chemotherapy in HCC patients. 
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