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Purpose

Although the vascular endothelial growth factor (VEGF) superfamily has been identified to
critically influence tumor-related angiogenesis, the prognostic significance of a VEGF
expression in gastric cancer is still controversial. Accordingly, the present study analyzed the
VEGF-A and VEGF-C expressions and their impact on the prognosis of patients with gastric
cancer.

Materials and Methods

Three hundred seventy-five consecutive patients who underwent surgical resection for
gastric adenocarcinoma with a curative intent were enrolled in the present study.
Immunohistochemical staining for VEGF-A and VEGF-C was performed using the formalin
fixed, paraffin embedded tumor tissues.

Results

Positive VEGF-A and VEGF-C expressions were observed in 337 (90.1%) and 278 (74.9%)
cases, respectively. The survival analysis showed that the expression of VEGF-A and VEGF-C
had no effect on the 0S and DFS. On the multivariate analysis that included age, gender and
the TNM stage, no significant association between the grade of the VEGF-A or VEGF-C
expression and survival was observed.

Conclusion
The current study suggests that the tissue expression of VEGF-A or VEGF-C alone is not an
independent prognostic marker for patients with surgically resected gastric adeno-
carcinoma.
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Introduction

superfamily of endothelial growth factors has been identified to
critically influence tumor-related angiogenesis (3,4). VEGF-A has the
most potent mitotic activity specific to vascular endothelial cells among

Despite its decreasing incidence, gastric cancer is still the second
leading cause of cancer-related death worldwide, and particularly in
Asian countries (1). The prognosis of patient with gastric cancer has
been shown to be influenced by several established surgical-patho-
logical features, such as the pathological stage, the location of the
tumor and the histological type and grade of the tumor (2).

Angiogenesis is the formation of new blood vessels from endothelial
precursors, and this is a prerequisite for the growth and progression of
solid malignancies. The vascular endothelial growth factor (VEGF)
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the many angiogenic factors (5), and VEGF-C, which is a ligand for
VEGR receptor (VEGFR)-2 and VEGFR-3, is supposed to take part in
both lymphangiogenesis and angiogenesis (6,7). Clinical studies have
demonstrated that an increased expression of VEGF or its family is
associated with the grade of angiogenesis and the prognosis for various
human cancers (8-11). In particular, for gastric cancer, the expression
of VEGF-A or VEGF-C has been reported to be correlated with a poor
prognosis. For example, Yonemura et al. demonstrated that high levels
of a VEGF-C expression were associated with a poorer prognosis and



decreased survival for 117 patients with gastric cancer (12). Further
significant differences in survival that are associated with the VEGF-C
status have been reported by Takahashi et al. in a group of 65 cancer
patients (13). However, most of the previous studies included a relatively
small sample size to draw a definitive conclusion, and several studies
reported that the expression of VEGF-A or VEGF-C was not associated
with the prognosis of patients with gastric cancer (14,15). Accordingly,
the present study analyzed the VEGF-A and VEGF-C expressions and
their impact on the prognosis in a large population of patients with
surgically resected gastric cancer.

Materials and Methods

1 Study population

All the tissues investigated in this study were obtained from
consecutive Korean patients (n=375) who had undergone a surgical
gastrectomy between January, 2000 and December, 2001 at Kyung-
pook National University Hospital (Daegu, Korea). The diagnosis and
staging of gastric carcinoma were assessed according to the WHO
classifications (16) and the TMN classifications set out by the
American Joint Committee on Cancer (AJCC) (17). We retro-
spectively obtained the information concerning the date of the
diagnosis, the pathologic staging, relapse and death.

2 Immunohistochemistry

Formalin fixed, paraffin embedded serial sections (4 zm) mounted
on 3-aminopropyltriethoxysilane-coated slides (Matsunami Glass Ind.
Ltd. Japan) were deparaffinized in xylene and a series of graded
alcohol solutions. Rabbit polyclonal anti-VEGF-A (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA) and anti-VEGF-C (Zymed
Laboratories, South California, CA) antibodies were used at
concentrations of 1.6xg/mL and 2.0xg/mL, respectively. The
immunohistochemistry was performed with using a catalyzed signal-
amplification system (DAKO, Ely, UK) according to the
manufacturer's protocol. The sections were treated with 0.3%
hydrogen peroxide (H,0,) in water for 10 minutes to quench any
endogenous peroxidase activity within the tissue, and the nonspecific
binding sites were blocked with 20% heat-inactivated nonserum
protein for 10 minutes at room temperature. Next, the sections were
incubated for 15 minutes in the presence of the primary antibody, and
then the slides were washed in phosphate buffered saline (PBS)
containing 0.1% Tween 20 (PBS/Tween) for 15 minutes while
changing the solution 3 times before the application of the secondary
biotinylated antibody. The slides were incubated with the secondary
antibody for 15 minutes at room temperature before being washed for
15 minutes in PBS/Tween that was changed 3 times. The sections
were then incubated for 15 minutes with an avidin-biotinylated-
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horseradish peroxidase complex, and the reaction visualized using
0.02% 3,3’-diaminobenzidine tetrahydrochloride as a chromogen in a
Tris-HCI buffer, pH 7.6, containing 0.03% H,O,. Hematoxylin was
used to counterstain the nuclei. The staining results for VEGF-A and
VEGEF-C were classified by estimating the percentage of epithelial
cells that showed specific immunoreactivity: grade 0 (0% to 10%
positive cells), grade 1 (10% to 50% positive cells), and grade 2 (>
50% positive cells). Two pathologists (H.B. and G.Y'), who were kept
“blind” to the patients' characteristics, examined all the slides.

Table 1. Patient and tumor characteristics

N=375 (%)
Age (year)
<60 177 (47.2)
>60 198 (52.8)
Sex
Male 247 (65.9)
Female 128 (34.1)
Stage, pathologic
Depth of tumor, pT
pT1 109 (29.1)
pT2 192 (51.2)
pT3 70 (18.7)
pT4 4(1.1)
Lymph node metastasis, pN
NX 2(0.5)
pNO 170 (45.3)
pN1 126 (33.6)
pN2 50 (13.3)
pN3 27(7.2)
pTMN stage
I 176 (46.9)
I 98 (26.1)
I 65 (17.3)
v 36 (9.6)
Immunohistochemical stain*
VEGFT-A expression (n=374)
Grade 0 37(9.9)
Grade 1 93 (24.9)
Grade 2 244 (65.2)
VEGF-C expression (n=371)
Grade 0 93 (25.0)
Grade 1 159 (42.9)
Grade 2 119 (32.1)
Adjuvant therapy
Intravenous 74 (19.7)
Oral SFU 77 (20.5)
Not recieved 224 (59.7)

*the staining results were classified by estimating the percentage of epithelial cells
showing specific immunoreactivity: grade 0 (0% to 10% positive cells), grade I (10%
to 50% positive cells), and grade I (> 50% positive cells), "vascular endothelial
growth factor.
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3 Statistical analysis

The correlation between the level of the VEGF-A or VEGF-C
protein expression and the clinicopathological features was analyzed
using Chi-square tests and logistic regression analysis. Overall
survival (OS) was measured from the day of surgery until the date of
death or the last follow-up. Disease-free survival (DFS) was
calculated from the date of surgery until tumor recurrence or death
from any cause. The survival estimates were calculated using the
Kaplan-Meier method and then they were compared using log-rank
statistics. The Cox proportional hazard regression model was used for
the multivariate survival analyses, and the analyses were always
adjusted for age (< 60 versus ( 60 years), gender (male versus female)
and the stage (0 to IV). The multivariate analyses were performed on
371 patients for whom the immunohistochemical staining for both
VEGF-A and VEGF-C was available. A cut-off p-value of 0.05 was
adopted for all the statistical analyses. The statistical data was obtained
using a SPSS software package (SPSS 11.5 Inc. Chicago, IL).

Results

1 Patient characteristics and the survival analysis

The median age of the patients was 60 years (range: 25~ 83 years),

and 247 (65.9%) patients were male. Curative resections were
performed in 355 (94.7%) patients, while the others received a
palliative gastrectomy. The pathologic stages after the surgical
resection were as follows: stage IA (n=92, 24.5%)), stage IB (n=84,
22.4%), stage II (n=98, 26.1%), stage IIIA (n=42, 11.2%), stage IIB
(n=23, 6.1%) and stage IV (n=36, 9.6%). Among the 199 patients
with stage II to IV disease, 139 (69.8%) patients received adjuvant
chemotherapy with 4 cycles of 5-fluorouracil+epirubicin (n=64) or
nimustine (n=11) followed by oral 5-fluorouracil for 1 year, or just
oral S-fluorouracil for 1 year (n=64) (Table 1). At the time of the last
analysis (December 2008), 140 patients had experienced disease
relapse and 111 patients had died as a result of gastric cancer.
However, the death of 12 patients was not related to gastric cancer.
The 5-year OS and DFS for all the patients were 69.1+2.4% and
66.3+2.5%, respectively.

2 Immunohistochemical staining for VEGF-A and
VEGF-C

Immunohistochemical staining for the VEGF-A and VEGF-C
expressions was successfully performed in 374 (99.7%) and 371
(98.9%) cases, respectively. Three hundred thirty-seven cases (90.1%)
were classified as a grade 1 or 2 VEGF-A expression, and 278 cases
(74.9%) were classified as a grade 1 or 2 VEGF-C expression (Table
1). No correlation was observed between the VEGF-A and VEGF-C
expressions.

Table 2. Relationship between VEGF-A and VEGF-C expression and clinicopathologic features

VEGF-A VEGF-C
N (%) <10% 210%  puaber 9w <10% 210%  pvalier  SUEd
p-value' p-value’
Gender 0.394 0.379 0.006 0.007
Male 22(59.5) 224 (66.5) 50 (53.8) 193 (69.4)
Female 15 (40.5) 113 (33.5) 43 (46.2) 85 (30.6)
Age 0.001 0.002 0.158 0.146
<60 27(73.0) 150 (44.5) 50 (53.8) 126 (45.3)
>60 10(27.0) 187 (55.5) 43 (46.2) 152 (54.7)
Depth of tumor 0.566 0.858 0.695 0.265
pT1+pT2 31(83.8) 269 (79.8) 76 (81.7) 222 (79.9)
pT3+pT4 6(16.2) 68 (20.2) 17(18.3) 56 (20.1)
Lymph node metastasis 0.707 0.947 0.067 0.078
Yes 19(51.4) 184 (54.6) 58 (62.4) 143 (51.4)
No 18 (48.6) 153 (45.4) 35(37.6) 135 (48.6)
Distant metastasis 0.148 0.124 0.829 0.782
Yes 2(54) 6(1.8) 2(22) 5(1.8)
No 35(94.6) 331(98.2) 91(97.8) 273 (98.2)
Stage 0.437 0414 0.602 0.846
[+I1 29 (78.4) 244 (72.4) 66 (71.0) 205 (73.7)
-+vV 8(21.6) 93 (27.6) 27(29.0) 73 (26.3)

*chi-square test, " logistic regression analysis.
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3 Relationship between the VEGF-A or VEGF-C
expression and the clinicopathological features

The relationship between the level of the VEGF-A or VEGF-C
expression and the clinicopathological features is shown in Table 2.

The positive expression of VEGF-A was more common in older
patients (p=0.002), whereas the VEGF-C expression was more

common in male gender (p=0.007). However, no significant
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correlation was observed between the VEGF-A or VEGF-C ex-
pression and the other pathological features on multivariate analysis.
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Fig. 1. Survival curves according to VEGF-A or VECF-C protein expression in patients with surgically resected gastric cancer (All p-value are

not significant in multivariate

analysis).

Table 3. Multivariate survival analysis

Overall survival Disease-free survival
No. (%)
HR* 95% CI'* p-value HR* 95% CI'* p-value
Sex Male 247 (65.9) 0.939 0.626~1.407 0.759 0.943 0.651~1.365 0.756
Age >60 198 (52.8) 1.721 1.184~2.501 0.004 1.776 1.252~2.520 0.001
Stage I 176 (46.9) 1 <0.001 1 <0.001
II 98 (26.1) 3.409 1.883~6.173 2.694 1.631~4.449
I 65(17.3) 10.824 6.206~18.877 7474 4.620~12.092
v 36 (9.6) 21.925 12.062~39.851 16.688 9.810~3.329
VEGF-A >10% 337(89.9) 2.101 0.806~5.477 0.129 1.525 0.699~3.329 0.289
VEGF-C >10% 278 (74.1) 1.149 0.732~1.803 0.545 1.168 0.764~1.785 0473

*hazard ratio, ' confidence interval.
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4 The VEGF-A and VEGF-C expressions and survival

Survival analysis showed that the expressions of VEGF-A and
VEGF-C had no effect on OS and DFS (Fig. 1). On the multivariate
analysis that included age, gender and the TNM stage, no significant
association between the grade of the VEGF-A or VEGF-C expression
and survival was observed (Table 3). The results were similar when
dichotomized to grade 0 and grade 1 versus a grade 2 expression of
VEGF-A or VEGF-C (data not shown). The pathologic stage and an
older age were the independent prognostic factors of survival for
patients with resected gastric cancer.

Discussion

We have investigated the prognostic impact of the VEGF-A and
VEGF-C expressions in 375 patients with surgically resected gastric
adenocarcinoma. The current study demonstrated that the expression
of VEGF-A or VEGF-C was not associated with survival for these
patients.

Since VEGF-A and VEGF-C are known to play major roles in the
growth and metastasis of malignant tumors, many studies have
focused on the clinical significance of tumors' VEGF-A or VEGF-C
expression or the serum level of these factors for predicting lymph
node metastasis and the prognosis of solid tumors, including gastric
cancer. The tumor VEGF expression has been reported to be a
significant marker for tumor recurrence or reduced survival and this
was independent of the conventional clinicopathological factors for
gastric cancer (14,18,19). Furthermore, lymphatic invasion and the
lymph node status were positively correlated with the tissue
expression of VEGF-C in gastric cancer (12-14,20,21). In addition, a
positive VEGF-C tissue expression in early gastric cancer was
significantly associated with lymphatic invasion, and this could
potentially help to predict those individuals who would benefit from
more or less extensive surgical resections (20). However, the clinical
impact of the association between the VEGF-A or VEGF-C
expression and the prognosis is not fully understood. For example,

Tanigawa et al. (15) reported that the overall survival rates were not
significantly different according to the level of the VEGF-A
expression in 163 gastric carcinomas, although the level of the VEGF-
A expression was correlated with tumor neovascularization.
Moreover, no significant trends towards reduced survival for patients
with VEGF-C expressing gastric cancers have been found (14). In the
present study, the tissue expression of VEGF-A or VEGF-C was not
found to be an independent prognostic factor in a quite large
population of patients with resected gastric cancer, although the
patient survival was significantly different according to the VEGF-A
expression on univariate analysis. One possible explanation for these
results is that although VEGF-A and VEGF-C play an important role
in the angiogenesis and lymphangiogenesis of tumors, a higher tissue
VEGF-A or VEGF-C expression may be associated with advanced
disease, and so this did not affect survival on the multivariate analysis
as adjusted for the pathologic stage. Furthermore, the development of
consistent experimental methodology is essential to allow comparison
between different studies. This must include the use of antibodies of
defined specificity, consistent immunohistochemical protocols with
appropriate use of controls and a widespread consensus for the scoring
techniques. Accordingly, further studies that will use combinations of
new angiogenic or lymphatic markers and functional assays are
needed to clarify the relationship between the tissue VEGF-A or
VEGF-C expression and survival. Since almost 50% of the patients in
our study were stage I and the median OS was not reached for the
entire population, it might be too early to analyze this data and draw a
conclusion, and so long term follow up study will be needed.

Conclusion

The tissue expression of VEGF-A or VEGF-C alone is not an
independent prognostic marker for Korean patients with surgically
resected gastric adenocarcinoma. Accordingly, further understanding
of the function and actions of VEGF-A and VEGF-C is warranted to
optimize the therapeutic strategies for treating gastric cancer and to
avoid unwanted side effects.
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