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Vascular Endothelial Growth Factor G and Vascular
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BACKGROUND. The vascular endothelial growth factor (VEGF) family and VEGF
receptors (VEGFR) play an essential role in the angiogenesis of both pathologic and
nonpathologic conditions. However, the prognostic significance of VEGF and
VEGFR expression in ovarian carcinoma is unclear.

METHODS. The tissue expression levels of VEGF-A, VEGF-C, VEGFR-2, and VEGFR-3
in B0 specimens of ovarian carcinoma were examined immnohistochemically. The
results obtained were analyzed clinicopathologically.

RESULTS. VEGF-A, VEGF-C, VEGFR-2, and VEGFR-3 were expressed both in tumor
cells and in adjacent endothelial cells of blood and lymph vessels. The tissue
expressions of VEGF-C and VEGFR-2 were cormrelated significantly with tumor
extension, including petitoneal metastases outside the pelvic cavity (P = 0.0010
and P = 0.0008, respectively), lymph node metastases (P = 0.0030 and P = 0.0018,
respectively), and positive ascitic cytology (P = 0.025 and P = 0,0016, respectively).
Conversely, there was no significant correlation between VEGF-A and VEGFR-3
expression and clinicopathologic features of ovarian carcinoma. Logistic regression
analysis revealed that the expressions of VEGF-C and VEGFR-2 also were indepen-
dent risk factors for peritoneal and lymph node metastases. Survival curves deter-
mined by the Kaplan-Meier method and in univariate analysis demonstrated that
high expression levels of VEGF-C and VEGFR-2 were associated with the 5-year
survival rate. In multivariate analysis, high expression levels of VEGF-C and
VEGFR-2 emerged as independent indicators for disease-specific survival.
CONCLUSIONS. High tissue expression of VEGF-C and VEGFR-2 reflects the aggres-
siveness of the spread of tumor in ovarian carcinoma. Thus, both have predictive
value for identifying high-risk patients who have a peor prognosis. Cancer 2004;
101:1364-74, © 2004 American Cancer Society.

KEYWORDS: vascular endothelial growth factor, ovarian carcinoma, immunchisto-
chemistry, prognosis.

Neoplastic angiogenesis and lymphangiogenesis are essential for
the growth of tumor tissue in both primary and metastatic sites.
Vascular endothelial growth factor (VEGF) is now accepted as a pow-
erful angiogenic agent in neoplastic tissues as well as in normal
tissues. Under the influences of some cytokines and other growth
factors, the VEGF family appears in tumor tissue and adjacent stroma,
and it plays an essential.role in the new proliferation of blood and
lymph vessels.”® Among the VEGF family, VEGF-A, VEGF-B, and
VEGF-C induce new blood vessel proliferation, and VEGF-C and

Published online 9 July 2004 in Wiley InterScience (www.inferscience.wiley.com).
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VEGF-D relate to lymphangiogenesis. These factors
act with their own VEGF receptors (VEGFRs).*™

Ovarian carcinoma has the poorest prognosis
among malighancies in the gynecologic field, and sur-
gical staging according to the International Federation
of Gynecology and Obstetrics (FIGO) system is re-
garded as the most impertant prognostic factor.'
When the tumor is confined to the ovary, a > 90%
chance of 5-year survival is expected. If the disease
extends to the peritoneal cavity, however, the progno-
sis is limited to = 30%.! Histologic classification and
grading also relate to the patient's prognosis.'*'¢ Cy-
totoxic chemotherapy and maximal debulking are
conventional prognostic methods of controlling ovar-
ian carcinoma on which the treatment policy is based.
Despite the current progress of cytotoxic chemother-
apy and surgical techniques, the consequence of ovar-
ian carcinoma is unchanged. Therefore, new manage-
ment strategies against the disease are required. To
evaluate the prognostic significance of the neoplastic
angiogenic factors, tissue expression of VEGF-A,
VEGF-C, and their receptors were examined in ovarian
tumors. ‘

MATERIALS AND METHODS

Patients and Specimens

Clinical records and preserved specimens from 80 pa-
tients with ovarian carcinoma who underwent surgical
treatment at Kurume University Hospital between
1997 and 2002 were examined consecutively. All pa-
tients submitted informed consent and agreed with
the use of their tissues in this study. All patients un-
derwent a staging laparotomy, including total hys-
terectomy, bilateral salpingooophorectomy, partial
omentectomy, peritoneal cytology, and/or pelvic and
paraaortic lymphadenectomy. No patient had re-
ceived any preoperative treatment. The patients were
staged in accordance with FIGO criteria and included
33 patients with Stage I disease, 5 patients with Stage
Il disease, 34 patients with Stage III disease, and 8
patients with Stage IV disease. Tumors were grouped

according to the World Health Organization (WHO) -

histologic typing system and were graded according to
the FIGO grading system.'” Grading criteria offered by
Silverberg et al.’>'® also were applied. During the fol-
low-up, which ranged from 11 weeks to 359 weeks
(mean, 132.8 weeks), there were 34 disease recur-
rences and 24 disease-related deaths. The mean age of
our patients at surgery was 54.4 years (range, ~ 23-79
years). Surgically resected tissues from 10 tumors with
low potential malignancy (LPM} and 22 benign cysta-
denomas also were examined for the purposes of com-
parison,
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Immunohistochemistry

Formalin fixed, paraffin embedded serial sections (4
wm) that were mounted on 3-aminopropyltriethoxysi-
lane-coated slides {Matsunami Glass Ind., Ltd. Japan)
were deparaffinized in xylene alcohol and graded al-
cohol. Rabbit polyclonal anti-VEGF-C {Zymed Labora-
tories Inc., San Francisco, CA), anti-VEGF-A, anti-
VEGFR-3 (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA), and anti-VEGFR-2 (Upstate Cell Signaling Solu-
tions, VA) antibodies were used at concentrations of
1.6 pug/mL, 2.0 pg/mL, 2.0 pug/mL, and 5.0 pg/mL,
respectively. Mouse monoclonal anti-CD31 antibody
(1:40 dilution, DAKO, Ltd., Copenhagen, Denmark)
also was used. Imminohistochemistry was performed
by using a catalyzed signal-amplification system
(DAKO, Ely, United Kingdom) according to the man-
ufacture’s protocol. The sections were treated with
0.3% hydrogen peroxide (H,0,) in water for 10 min-
utes to quench the endogenous peroxidase activity
within the tissue. Nonspecific binding sites were
blocked with 20% heat-inactivated nonserum protein
for 10 minutes at room temperature. The sections
were incubated for 15 minutes in the presence of the
primary antibody. Slides were then washed in phos-
phate buffered saline {(PBS) containing 0.1% Tween 20
(PBS/Tween) for 15 minutes by changing the solution
3 times before the application of the secondary bio-
tinylated antibody. The slide was incubated with sec-
ondary antibody for 15 minutes at room temperature
before it was washed for 15 minutes in PBS/Tween,
which was changed 3 times. The sections were then
incubated for 15 minutes with avidin-biotinylated-
horseradish peroxidase complex, and the reaction was
visualized with 0.02% 3,3’-diaminobenzidine tetrahy-
drochloride (Nichirei, Tokyo, Japan) as a chromogen
in Tris-HCl buffer, pH 7.6, containing 0.03% H,0.,.
Hematoxylin was used to counterstain of the nuclei.
For each antibody, a negative control study was per-
formed by using normal rabbit serum instead of the
primary antibody. For positive controls, formalin
fixed, paraffin embedded sections of human placenta
were stained for VEGF-A and VEGF-C, and sections of
normal human umbilical cord were stained for
VEGFR-2 and VEGFR-3 using the same procedure.

Microscopic Assessment of VEGF-A, VEGF-C, VEGFR-2,
and VEGFR-3 Expressions and Microvessel Density

Two pathologists (H.Y. and N.N.) independently eval-
uated and interpreted the results of immunostaining
without knowledge of the clinical data for each pa-

. tient. VEGF-A and VEGF-C were stained both in tumor

cells and in adjacent endothelial cells from blood and
lymph vessels. The staining results in tumor cells were
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classified into 3 levels: negative expression when im-
munostain-positive tumor cells accounted for < 10%
of the tumor area on the section, low expression when
the positive cells accounted for from 10% to < 50% of
the tumor area, and high expression when the positive
cells accounted for > 50% of the tumor area. We used
such criteria, because the median proportion immu-
nostain-positive tumor cells in the whole sample was
=~ 50%. Faint or equivocal immunoreactions were not
regarded as positive. The specimens were considered
positive to VEGF-A and/or VEGF-C when expression
levels were = 10%. VEGEFR-2 and VEGFR-3 also were
stained both in tumor cells and in adjacent endothe-
lial cells from blood and lymph vessels, VEGFR-2 and
VEGFR-3 staining in endothelial cells was considered
positive when at = 5% of endothelial cells in the area
were strongly immunoreactive, as seen in the positive
control cells. Microvessel density (MVD) was assessed
by counting CD31-positive microvessels under X 200

magnification in a grid area of 0.16 mm? according to -

the criteria of Weidner.'® Five areas of high vascular
density (hot spots) were selected, and microvessels
were counted on each section.

Statistical Analysis

All statistical calculations were performed by using
Stat View software (version 5; SAS Institute Inc., Cary,
NC). The significance of correlations between the ex-
pression of VEGF-A, VEGF-C, VEGER-2, or VEGFR-3;
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FIGURE 1. Immunohistochemical
staining of vascular endothelial growth
factor C (VEGF-C) and VEGF receptor 3
(VEGFR-3) in ovarian carcinoma. Sam-
~ ples of serous cyst adenoma (A), serous
" tumors with low potential malignancy
(LPM} (D), and serous adenacarcinoma
(G) were stained with hematoxylin and
eosin. Serous cyst adenoma was nega-
tive for both VEGF-C (B) and VEGFR-3
{C). VEGF-C was positive in serous LFM
{£) and in serous adenocarcinoma (H).
VEGFR-3 was positive in serous LPM (F)
: and in serous adenocarcinoma ().

MVD; and clinicopathologic factors was evaluated by
using univariate analysis (chi-square test) and logistic
regression analysis. Survival rates were calculated by
using the Kaplan-Meier method, and the statistical
significance of differences in the cumulative survival
curves between the groups was evaluated by using the
log-rank test. Multivariate survival analysis was con-
ducted by using the Cox proportional hazard method.
Other statistical analyses were carried out with the
Mann-Whitney U test. Results were deemed signifi-
cant at P < 0.05.

RESULTS

VEGF-A, VEGE-C, VEGFR-2, and VEGFR-3 were ex-
pressed in the cytoplasm of both tumor cells and
endothelial cells from the blood and lymph vessels in
the stroma adjacent to tumor nests (Figs. 1, 2). The
frequency of VEGF-C expression was found in 72.5%
of adenocarcinomas (58 of 80 patients), in 40% of LPM
tumors (4 of 10 patients), and in only 9.1% of benign
cystadenomas (2 of 22 patients); whereas VEGFR-3
expression was found in 18.1% (4 of 22 patients), 50%
(5 of 10 patients), and 72.5% (58 of 80 patients), re-
spectively. Significant differences were observed in
VEGF-C expression levels between benign cystadeno-
mas and LPM tumors (P < 0.04; chi-square test), LPM
tumors and adenocarcinomas (P < 0.04), and benign
cystadenomas and adenocarcinomas (P < 0.0001) and
in the VEGFR-3 expression levels between benign cys-
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FIGURE 2. immunohistochemical staining of vascular endothelial growlt factor A (VEGF-A), VEGF-C, VEGF receptor 2 (VEGFR-2), and VEGFR-3 in ovarian
carcinomas. A sample of clear cell adenocarcinoma (A} was stained with hematoxylin and eosin. Both tumor cells and adjacent encothelial cells were stained for
VEGF-A (B), VEGF-C (C), VEGFR-2 {D), and VEGFR-3 (E). CD31 was stained in endothelial cells from blood and lymph vessels in the tumer stroma. (F).

tadenomas and adenocarcinomas (P < 0.0001). Ex-
pression levels of VEGF-C and VEGFR-3 increased
along with the increase in malignant potential.

The histologic tumor types are listed in Table 1.
Expression levels of VEGF-A, VEGF-C, VEGFR-2, and
VEGFR-3 were lower in mucinous carcinoma than in
the other tumor types, but the differences were not
significant.

Among the 80 tumors, 20 tumors were negative for
VEGFR-2, and 60 tumors were positive for VEGFR-2.
Twelve of 20 VEGFR-2-negative tumors (60.0%) were
positive for VEGF-A, whereas 49 of 60 VEGFR-2-posi-
tive tumors (81.7%) also were positive for VEGF-A (P
< 0.05; chi-square test). Regarding the relation be-
tween VEGFR-2 expression and VEGF-C expression, 8
of 20 VEGFR-2-negative tumors (40.0%) were positive
for VEGF-C, and 50 of 60 VEGFR-2-positive tumors
(83.3%) also were positive for VEGE-C (P = 0.0002).
Conversely, VEGFR-3 expression was negative in 22
tumors and positive in 58 tumors, 12 of 22 VEGFR-3-
negative tumors (54.5%) were positive for VEGF-C,
and 46 of 58 VEGFR-3-positive tumnors {79.3%) also
were positive for VEGF-C (P < 0.03). These results
showed that receptor-positive tumors have a strong
propensity to exhibit the corresponding growth factor.

The correlations between clinicopathologic fea-
tures and the expression of VEGF-A, VEGF-C,
VEGFR-2, and VEGFR-3 are summarized in Table 2.

TABLE 1
Expression of Vascular Endothelial Growth Factor A (VEGF-A), VEGF-
C, VEGF Receptor 2 (VEGFR-2), and VEGFR-3 in Ovarian Carcinomas

No, of patients (%): Histologic type

Serous Mucinous Endometrioid Clear cell

Expression (n = 36) (n=11) (n=18) {n=15)
VEGF-A

Negative 7(19.4) 5 (45.4} 3{16.7) 5(33.3)

Low 24 {66.7) 2(18.2) 10 (55.5) 7{46.9)

High 5(13.9) 4{36.4) 5(27.8) 3(200)
VEGF-C

Negative 7(194) £ (74.5) 4(22.2) 5(33.3)

Low 18 (50.0 2(18.2) 3{16.7) 4(26.7)

High 11 (31.6) 3(27.3) 11{65.1) 6 {40.0)
VEGFR-2

Negative 5(13.9 7{63.6) 2(1LY 6 (40.00

Low 17 (47.2) 2(182) 7(36.9} 5(333)

High 14 (38.9) 2(18.2) 9 (50.0 4267
VEGFR-3

Negative 13(36.2) 4(36.4) 3(167) 2(133)

Low 17 (47.2) 6(54.5) 9(50.0) 6 (40.0)

High 6(16.6) 1(9.5) 6(33.3) 7 (46.7)

VEGF-A/VEGF-C: vascular endothelial growth factors A and G, respectively; VEGFR-2/VEGFR-3: VEGF
teceptors 2 and 3, respectively; negative: 0-10% of cells were stained; low: from 10% to < 50% of cells
were stained; high: = 50% of cells were stained.
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TABLE 2

CANCER September 15, 2004 / Volume 101 / Number 6

Relation between the Expression of Vascular Endothelial Growth Factor A (VEGE-A), VEGF-C, VEGF Receptor 2 (VEGFR-2), and VEGFR-3 and

Clinicopathologic Factors in 80 Women with Ovarlan Carcinoma

No. of patients (%)

Variable Total VEGF-A VEGE-C VEGFR-2 VEGFR-3
Peritoneal metastasis cutside the pelvic cavity
Not present 38 28 (73.7) 21(55.3) 22 (57.9) 210711
Present 42 33(78.6) 37 (88.1) 38(90.9) 31(73.8)
Pvalue? - 0.61 0.0010 0.0008 0.78
Lymph node metastasis
Not present 44 33(75.0) 26 (59.1) 27 (61.4) 31(70.5)
Present 36 28(77.8) 32(88.9) 3B EL7 27 (75.0)
Pvalue* - 0.77 06.0030 ¢.0013 0.65
Ascitic cytology in early stage
Negative 1l 6 (54.5) 327.3) 20182 B {54.5)
Pasitive 27 22 (8LY) 18 (66.7) 20040 21{77.8}
Pvalue? - 0.087 0.025 0.0016 0.15
Age
< £ yrs 55 44 (80.0) 40(72.7) 41{74.9) 41(74.5)
> 6 yrs 25 17 (68.0) 18 (72.0) 19(76.0) 17(68.0)
P vaiue* - 0.24 (.95 089 0.54
Silverberg grade
1 12 10 (83.3) 9(75.0) 8(66.7) 9(75.0)
2 4 37{75.%) B4 35{71.4) 36 (73.9)
3 19 14(73.7) 14(73.7) 17 {89.5) 13(68.4)
Pralue® - 0.63 0.99 0.17 0.70
FIGO grade
1 23 18 (78.2) 16 (69.6) 15{65.2) 17(13.9)
2 3 47270 23(65.7) 25(75.8) 23{69.7)
3 . 24 19(7.1) 18 (73.1) 20(83.3) 18 (75.0)
P value® — 0.94 0.49 0.18 0.93

VEGF-A/VEGF-C: vascular endothelial growth factors A and C, respectively: VEGER-2/VEGFR-3; VEGF receptors 2 and 3, respectively; FIGO: Intemationa! Federation of Gynecology and Obstetrics.

* Chi-square test
b Mann-Whitney U test.

The frequency of peritoneal metastasis outside the
pelvic cavity was significantly greater in patients with
tumors that expressed VEGF-C (P = 0.0010) or
VEGFR-2 (P = 0.0008), so did the frequency of lymph
node metastasis in VEGF-C (P = 0.0030) and VEGFR-2
positive tumors (P = 0.0018). Positive results of ascitic
cytology related to the expression of VEGF-C (P
= 0.025) and VEGFR-2 (P = 0.0016). Conversely, tu-
mors with peritoneal metastasis outside the pelvic
cavity and lymph node metastases and tumors with
positive ascitic cytology tended to have greater posi-
tivity in the expressions of VEGF-A and VEGFR-3, al-
though the differences were not significant,

Age at surgery did not correlate to VEGF expres-
sion, although patients age = 60 years tended to have
higher rates of positive VEGF-A, VEGF-C, and
VEGFR-3 expression. There was no significant differ-
ence between the expression of VEGE-A, VEGF-C,
VEGFR-2, or VEGFR-3 and high FIGO or Silverberg
grade.

VEGF expression levels also were examined as
independent risk factors for peritoneal metastasis out-
side the pelvic cavity, lymph node metastasis, and
positive ascitic cytology (Table 3). VEGFR-2 expression
was related most closely to lymph node metastasis (P
= 0.027; risk ratio, 5.11; 95% confidence interval
195%CI], 1.208-21.630), peritoneal metastasis outside
the pelvic cavity (P = 0.038; risk ratio, 4.79; 95%CI,
1.087-21.079), and positive ascitic cytclogy (P = 0.018;
risk ratio, 15.55; 95%CI, 1.592-151.884). VEGF-C ex-
pression also was an independent risk factor of peri-
toneal metastasis (P = 0.026; risk ratio, 4.82; 95%CI,
1.203-19.297) and lymph node metastasis (P = 0.045;
risk ratio, 4.30; 95%CI, 1.031-17.957).

The disease-free and 5-year survival rates were
determined using the Kaplan-Meier method (Table 4,
Fig. 3). According to the staining level classification for
VEGE-C expression, the 5-year survival rate was 90.9%
(20 of 22 patients) for the negative-expression group,
81.5% (22 of 27 patients) for the low-expression group,
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TABLE 3
Independent Risk Factors Associated with Metastasis
Variable Coefficient SE Chi-square statistic P value RR 95% CI
Peritoneal metastasis outside the pelvic cavity
VEGF-A -1.03 0.7 1.83 0.18 0.36 0.079-1.592
VEGF-C 157 0.71 494 .026 4.82 1.203-19.297
VEGFR-2 1.63 0.74 492 0.027 511 1.208-21.630
VEGFR-3 -057 067 0.73 0.3% 0.56 0.151-2.100
MVD 0.034 0.014 5.54 ¢.019 1.04 1.006-1.064
Lymph node metastasis
VEGF-A - -0.98 0.74 175 1% 0.38 0.089-1.599
VEGF-C [.46 0.73 401 1.045 4.30 1.031-17.957
VEGFR-2 137 0.76 429 0.038 4719 1.087-21.079
VEGFR-3 -0.30 0.64 0.22 0.64 0.74 0.214-2.584
MVD 0.025 0.013 3.50 0.061 1.03 0.999-1.052
Ascitic cytology
VEGE-A 0.64 1.03 0.39 0.53 151 0.254-14.306
VEGF-C 116 1.01 1.34 0.25 3.19 0.446-22.886
VEGFR-2 274 L16 5.57 0018 15.53 1.592-151.884
VEGFR-3 ~0.33 1.06 0.098 0.75 0.72 0.030-5.701
MVD -0033 0.029 137 0.24 1.38 0.914-1.023

SE: standard error; RR; risk ratio; 95% CL: $5% confidence interval; VEGF-ATVEGF-C: vascular endothelial growth factors A and €, respectively; YEGFR-2/VEGFR-3; VEGE receptors 2 and 3, respectively, MVD:

microvessel density.

and 45.2% (14 of 31 patients) for the high-expression
group: The 5-year survival rate was significantly higher
in patients with VEGF-C-negative tumors and in pa-
tients with low-expression tumors (P = 0.0018; log-
rank test). Similarly, with regard to VEGFR-2 expres-
sion, the 5-year survival rate was 85.0% (17 of 20
patients) for the VEGFR-2-negative group, 83.9% (26 of
31 patients) for the low-expression group, and 44.8%
(13 of 29 patients) for the high-expression group: The
5-year survival rate was significantly higher in patients
with VEGFR-2-negative tumors and in patients with
low-expression tumors (P = 0.019; log-rank test). Con-
versely, VEGF-A expression and VEGFR-3 expression
were not related to the 5-year survival rate.

With regard to VEGFR-2 expression, the disease-
free survival rate was 28.6% (8 of 29 patients) for the
high-expression group, 67.7% (21 of 31 patients) for
the low-expression group, and 85.0% (17 of 20 pa-
tients) for the negative-expression group. Recurrence
rates increased along with increases in expression lev-
els (P = 0.0002; log-rank test). With regard to the
expression of VEGF-C and VEGFR-3, patients in the
high-expression group tended to have higher recur-
rence rates, although there were no significant differ-
ences (P = 0.25 and. P = 0.054, respectively; log-rank
test). Patients who had tumors with high VEGF-A ex-
pression tended to have higher 5-year and disease-free
survival rates.

Other factors that were included in the univariate
analysis were peritoneal metastasis outside the pelvic

cavity, lymph node metastasis, patient age at surgery,
Silverberg grade, and FIGO grade. The presence or
absence of peritoneal metastasis outside the pelvic
cavity was related significantly to disease-free survival
(P = 0.042; log-rank test) and 5-year survival (P
= 0.0013; log-rank test). Lymph node metastasis also
was related significantly to 5-year survival (P = 0.0029;
log-rank test). Other factors did not show significant
correlations. ‘

A Cox regression analysis was used to examine the
correlations between disease-specific and disease-free
survival and VEGEF-A expression, VEGF-C expression,
VEGFR-2 expression, VEGFR-3 expression, FIGO stage,
histology, age at surgery, FIGO grade, and MVD (Table
5). The results showed that the death rate in the high-
VEGF-C-expression group was 5.0 times higher com-
pared with the death rate in the low VEGF-C-expres-
sion group, and the death rate in the high VEGFR-2-
expression group was 4.2 times higher compared with
the death rate in the low VEGFR-2-expression group.
The disease recurrence rate in the high VEGFR-2-ex-
pression group was 3.3 times higher compared with
the disease recurrence rate in the low VEGFR-2-ex-
pression group.

CD31 was expressed in endothelial cells from blood
and lymph vessels in the tumor stroma (Fig. 2F). Figure
4 summarizes the correlations between MVD and peri-
toneal metastasis outside the pelvic cavity (P = 0.0054),
lymph node metastasis (P = 0.027), VEGE-A expression
(P = 0.0051), and VEGF-C expression (P = 0.042; Mann-
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TABLE 4

CANCER September 15, 2004 / Volume 101 / Number 6

Univariate Analysis of Patients who Attained Disease-Free Survival or 5-Year Survival

Disease-free survival

5-year survival

Factor No. of patients No. {%} P value No. (%} P value
Age

= 60 yrs 35 28(50.9) 0.16 39(70.9) 0.62

> 60 yrs 25 18 (72.0) - 17 (68.0) -
Peritoneal metastasis outside the pelvic cavity

Not present 38 27(7.) 0.042 35(92.1) 0.0013

Present 42 19(45.2) - 21{50.0) -
Lymph node metastasts

Not present 4 ! 28 (63.6) 0.25 38{85.4) 0.0029

Present 36 18 (50.0) — 18 (50.0) —
VEGF-A expression )

Negative 20 11 (55.0) 047 13 (65.0) 046

Low 43 24(55.8) - 30(69.8) -

High 17 1649 — 13(76.5) —
VEGF-C expression

Negative 22 14 (63.6} 0.25 - 20(90.9) 0.0018

Low 27 17 {62.9) - 221815} -

High 31 15 (48.4) — 14 (45.2) -—
VEGFR-2 expression

Negative 20 17{85.0) 0.0002 17 (85.0) 0.019

Low 3! 21{67.7) — 26(83.9) —

High 29 8(28.6) - 13 (44.3) -
VEGFR-3 expression

Negative 22 18 (81.8) 0.054 16 (72.7) 0.99

Low 38 20 (52.6) - 27711 -

High 20 8 (40.0) - 13 (65.0) -
Silverberg grade

1 12 9(75.0) 0.24 10 (83.3) 0.055

2 49 29(53.2) - 32165.3) -

3 19 §(42.1) - 14{73.7) —
FIGO grade

1 3 15 (65.2) 0.84 18(78.3) 0.17

2 3 20 (60.6) - 20 (60.6) -

3 24 11 (45.8) - 18(75.0) —

VEGF-A/VEGF-C: vascular endothelial growth factors A and C, respectively: VEGFR-2/VEGFR-3: VEGF receptors 2 and 3, respectively; negative: 0-10% of cells were
staitied; lew: from 10% to < 50% of cells were stained; high: = 50% of cells were stained; FIGO: International Federation of Gynecology and Obstetrics,

Whitney U test). Conversely, MVD was not an indepen-
dent risk factors of peritoneal metastasis outside the
pelvic cavity (P = 0.014; risk ratio, 1.04; 95%CI, 1.006-
1.064) (Table 3). MVD showed no significant correlation
with either the disease recurrence rate {P = 0.84) or the
5-year survival rate (P = 0.36).

DISCUSSION

The prognostic value of neoplastic angiogenic factors
is controversial. In the gynecologic oncology field,
Kaku et al. emphasize the prognostic significance of both
angiogenic factors and MVD for patients with endo-
metrial carcinoma'® and cervical adenocarcinoma?’;
whereas there are contrary opinions with regard to
this correlation in patients with ovarian carcinoma. 24
There also are differing reports regarding VEGF-A ex-

pression as a poor prognostic factor® or as a factor
that has no effect on some histologic tumor types.®*
These controversies suggest that the growth of ovarian
carcinoma does not depend only on VEGF-A but also
on the presence of other factors that affect the prolif-
eration and infiltration of epithelial cancer cells. In the
current study, the role of VEGEF-C, as the other angio-
genic factor and the corresponding receptor,
VEGFR-3, was observed; and the tissue expression of
VEGFR-2, as the common receptor for both VEGF-A
and VEFF-C, also was examined.

The expression levels of VEGF-C and VEGFR-3
increased along with the progression of malignant
potential from benign cystadenoma, to LPM tumor,
and to adenocarcinoma. This finding agreed with the
report of Yokoyama et al.*® The expression of VEGF-C,
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VEGFR-3, VEGF-A, and VEGFR-2 was not related to
the histologic type of ovarian carcinoma (Table 1).
However, this result should be interpreted with cau-
tion, because the number of patients in each group
was small.

In angiogenesis and lymphangiogenesis, it is
known that VEGFR-1 and VEGFR-2 act as receptors
for VEGE-A and that VEGFR-2 and VEGFR-3 act as
receptors for VEGF-C.*~® The current study in pa-
tients with ovarian carcinoma also showed a signif-
icant correlation between expression of the two an-
giogenesis factors and their corresponding
receptors and expression of the two angiogenesis
factors and MVD (Fig. 4). These findings suggest that
VEGEF-A and VEGF-C act on their corresponding re-
ceptors and initiate angiogenesis in ovarian carci-
noma.

1t has been reported that VEGF-A and VEGF-C are
expressed not only in tumor cells but also in endothe-

lial cells from blood and lymph vessels and on fibrous
connective tissues from tumor stroma.?®~?2 In the cur-
rent study, we found that their receptors also are ex-
pressed both in tumor cells and in endothelial cells
from blood and lymph vessels. This indicates that
there are both paracrine and autocrine mechanisms:
VEGF-A and VEGF-C produced by tumor cells act on
their corresponding receptors on endothelial cells
through a paracrine mechanism, promote angiogene-
sis and lymphangiogenesis, and may affect hematog-
enous and lymphogenous metastases; the factors also
may act on receptors on the tumor cells through an
autocrine mechanism and promote tumor prolifera-
tion (Tables 2, 3).

In the FIGO grading system, in which tumor his-
tology was graded according to the ratio of solid com-
ponents, there were no significant differences of any
other factor, According to the Silverberg grade, which
is the overall evaluation of architectural pattern, nu-
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TABLE 5
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Multivariate Cox Regression Analysis for Disease-Free Survival or Carcinoma-Specific Survival

Disease-free survival

Carcinoma-specific survival

Variable OR 95% CI P value oR 95% CI Pvalue

Age
= 60 yrs 1.21 0.380-3.833 0.75 0.74 0.181-3.007 0.67
> 60 yrs 1.00 1.00

Histology
Clear celt 1.29 0.396-5.423 0.73 6.01 0.920-39.232 0.061
Endometrioid 127 0.426-3.788 0.67 177 0.456-6.865 041
Mucinous 0.945 0.004-0.502 0.012 L1 0.131-9.424 092
Serous 100 100

Stage
M 0.60 0.202-1.760 0.35 0.072 0.009-0.572 0.013
I 100 1.00

FIGO grade
1 1.36 0.440-4.213 059 3.53 0.753-16.095 0.11
2 201 0.745-5.436 017 417 1.124-15.456 0.033
3 1.00 1.04

VEGF-A expression
Negative 7.16 1.719-29.826 0.0070 283 {.497-16.095 0.24
Low 203 0.631-6.543 0.23 406 0.872-18.887 0.074
High 100 100

VEGF-C expression
Negative 1.76 0.531-5.843 0.36 0.29 0.043-1.937 0.20
Low 0.73 0.256-2.103 0.56 0.20 0.051-0.812 0.035
High 100 100

VEGFR-2 expression :
Negative 0.33 0.068-1.593) 0.17 296 0.462-18.992 0.25
Low 0.30 0.105-0.859 0.025 224 0.066-0.892 0.033
High 1.00 1.00

VEGFR-3 expression
Negative 022 0.044-1.130 0.84 1.02 0.203-5.094 0.98
Low LI 0.391-3.162 0.23 1.86 0.536-6.452 0.32
High L0 102

MVD 1.0 0.992-1.036 0.84 1m 1.987-1.038 - 0.36

OR: 0dds ratio; 85% Cl: 35% confidence interval; FIGO: International Federation of Gynecoiogy and Obstetrics; VEGF-A/VEGF-C: vascular endothelial growth factors A and €, respectively, VEGFR-2/VEGFR-3: VEGF
receptors 2 and 3. respectively, negative: 0-10% of cels were stained; low: from 10% to < 50% of cells were stained; high: = 50% of cells were stained; MVD: microvessel density.

clear pleomorphism, and mitotic activity,'®'® there
also were no significant differences for other factors.
These results show that histologic level and tumor cell
atypism are not related to angiogenesis or lym-
phangiogenesis. '

Prognostic factors, such as peritoneal metastasis
outside the pelvic cavity and lymph node metastasis,
are determined by surgical staging. Examination of
these prognostic factors and their correlation with
VEGF-A, VEGE-C, VEGFR-2, VEGFR-3, and MVD re-
vealed that VEGF-C and VEGFR-2 have significant ef-
fects on prognosis (Tables 2, 3).

Patients who had tumors with high expression
of VEGF-C and VEGFR-2 had a significantly high
death rate, which also indicates that these factors
are related to patient prognosis. Yokoyama et al.
examined the relation between VEGF-C expression

and death rates and showed that VEGF-C was re-
lated to the 10-year survival rate.”* Patients in the
current study were followed for a much shorter pe-
riod (mean, 132.8 weeks); however, high expression
levels of VEGE-C and VEGFR-2 were related to death
from disease. Conversely, no significant correlation
was observed in the current study between negative
expression or low expression levels of VEGF-A,
VEGE-C, VEGFR-2, or VEGFR-3 and the recurrence
rate or death rate: This may be attributable to our
short follow-up.

It is known that the VEGF family and VEGFRs
affect the prognosis of patients with adenocarcinoma
that develops in the uterus'® and ovaries?* and in
patients with gastric®®! and colorectal carcino-
mas, 3233 breast carcinoma,®** lung carcinoma,>®-%°
head and neck squamous cell carcinoma,® Kaposi
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sarcoma,*® and malignant mesothelioma.*' The rela-
tion between ovarian carcinoma and VEGF-C expres-
sion was examined in a previous study®®; however, in
the current study, we investigated the correlation be-
tween malignant potential and the expression of
VEGFR-2 and VEGFR-3 (the receptor of VEGF-C) and
MVD in patients with ovarian carcinoma for the first
time. Our findings show that VEGF-C and VEGFR-2
expression levels relate to peritoneal metastasis and
lymph node metastasis. The expression of VEGF-C
and VEGFR-2 may be used to predict the metastatic
spread of ovarian carcinoma cells and to identify pa-
tients prospectively who are at a high risk of a poor
outcome. The suppression of VEGF-C and VEGFR-2
using angiogenesis suppressors or receptor inhibitors
may suppress not only angiogenesis in tumor but also
growth of the tumor itself.
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