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abstract

aim

The objective of this study was to evaluate the expression 
pattern of vascular endothelial growth factor A (VEGF A) 
in epithelial ovarian cancers (EOC) and to correlate the 
intensity of expression with morphologic types, histologic 
grade and clinical stage of the disease. 

Methods

Tissue microarrays were constructed from paraffin blocks 
of 78 cases of EOC in duplicate. Immunohistochemical 
staining for VEGF A was carried out with mouse monoclonal 
antibody and the intensity was scored independently by 
two pathologists (CSP and MA). 

results

Twenty six of 78 (33.3%) cases of primary malignant 
epithelial ovarian neoplasm showed high VEGF A 
expression. Among high expressors, 23 were seen in 

serous carcinomas, two in undifferentiated carcinomas 
and one in mixed carcinoma. High expression was not 
seen in other types like, endometrioid, mucinous and 
clear cell carcinomas. High VEGF-A expression was also 
associated high grade and advanced stage of the disease. 

Conclusion

High VEGF-A expression in epithelial ovarian cancer was 
found to be associated with serous morphology, high 
grade and advanced stage of the disease. Though some 
degree of VEGF A expression was seen in most ovarian 
carcinomas, high expression was seen in only one third 
of cases and this may help in selecting the patients for 
targeted therapy with antiangiogenic agents.
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introduction
Ovarian cancer is the most lethal gynaecologic 

malignancy and often presents at advanced stage and 
epithelial ovarian cancers (EOC) account for 90% of 
ovarian cancers,(1) the incidence is increasing globally 
and in India.(2,3) There is no effective screening method 
and most cases are detected in late stages with poor 
prognosis and the overall survival for women has not 
changed significantly in the last five decades. Hence 
there is a desperate need to recognise newer therapeutic 
methods and prognostic factors for the improvement of 
survival in epithelial ovarian cancer.

Angiogenesis is a propelling factor to sustain the 
growth of tumour cells. Vascular endothelial growth 
factor A (VEGF A) formerly known as VEGF is an important 

regulator of angiogenesis in both normal tissues and 
in tumours. It also mediates vascular permeability and 
leakage, promoting invasion and metastasis.(4,5) VEGF A is 
a multifunctional cytokine that stimulates angiogenesis by 
binding to tyrosine kinase receptors VEGFR1 and VEGFR2 
expressed on vascular endothelial cells.(6)  Increased 
expression of VEGF in ovarian cancer  is associated with 
disease progression and poor prognosis.(7)

The present study was undertaken to evaluate the 
expression levels of VEGF A in EOC and to correlate 
VEGF expression against various clinical and pathologic 
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parameters of EOC from a tertiary cancer centre in South 
India. 

Materials and methods
Seventy eight primary EOC for which paraffin 

blocks were available were included for study. Benign 
and borderline ovarian tumors and cases which were 
treated with neoadjuvant chemotherapy were excluded. 
Institutional and ethical clearance for the study was 
obtained as per requirements. Hematoxylin and Eosin 
stained slides of all the cases were reviewed and paraffin 
blocks rich in tumor tissue were selected and marked. 
Tissue microarray (TMA) was constructed with 2 mm 
tissue cores in duplicate using manual tissue microarrayer 
(Beecher Instrument). Two control blocks were added to 
the recipient blocks to orient the array, which also acted 
as positive controls for Immunohistochemical (IHC) stains. 
Five micron thick sections were cut using fully automated 
Micron Rotary Microtome with section transfer system 
and were placed on Silane coated slides for IHC.

Immunohistochemistry (IHC): IHC for VEGF A was carried 
out manually with a mouse monoclonal anti VEGF A (1 in 
250 dilution, clone C-1, sc 7269, Santa Cruz, California). 
Expression of VEGF A was scored independently by two 
pathologists and discrepancies were resolved using an 
Olympus projection microscope. The scoring was done 
by evaluating the intensity of cytoplasmic staining (0 
for absent staining, 2+ for moderate staining and 3+for 
strong staining) and the percentage of positive tumor 
cells (0 for less than 1%, 1 for 1% to 10%, 2 for 11% to 
50%, 3 for 51-100%) as described by Smerdel  et al (8) . 
The two scores were added to get the final score. Based 
on the scores, EOC cores were categorised as VEGF high 
expressors –scores 5 and 6 (tumors with 3+ intensity 
in >10% of cells)  and VEGF low expressors- scores 4 
and below  (all tumors with 0,1+,2+ and tumors with 3+ 
intensity in less than 10% of cells).

Statistical analysis was done using SPSS software, 
Pearson’s chi square test and Fisher’s exact test were 
used to test the statistical significance.

results 
Among the seventy eight EOC seen over a period of 

three years which were included in the study, fifty three 
(67.9%) were bilateral, 15 (60%) involved the right side 
ovary and 10 (40%) involved the left side ovary. The age 
of the patients ranged from 31-85 years with a median 
age of 55 years. Forty eight (61.5%) patients were aged 
between 30-60 years and 30 (38.5%) patients were 
aged more than 60 years. Serous carcinoma was the 
most frequent morphological subtype of EOC forming 
64.1%, followed by endometrioid carcinoma (12.8%), 

mucinous carcinoma (9.0%), undifferentiated carcinoma 
(7.6%), clear cell carcinoma (3.9%) and mixed type with 
a combination of endometrioid and clear cell carcinomas 
(2.6%) (Table 1).

Histologic grade and EOC: Fifty-nine of 78 cases 
were high grade tumors. Forty three of 50 (86%) cases 
of serous carcinomas were of high grade whereas 70% 
endometrioid carcinomas (7 of 10) and 71.4% mucinous 
carcinomas (5 of 7) were of low grade. Clear cell and 
poorly differentiated carcinomas were considered as high 
grade tumors.

Stage and EOC:  Fifty-five patients (70.5%) presented 
in advanced stages, with 51 (65.4%) cases in stage III and 
4 (5.1%) cases in stage IV disease. Twenty three (29.5%) 
patients presented at earlier stages of I-13 (16.7%) and II 
(12.8%). Serous carcinoma was the commonest subtype of 
those presenting with advanced stages and endometrioid 
carcinoma was the commonest one presenting in early 
stage disease. 

VEGF A expression and EOC: Most EOCs expressed 
VEGF A to some extent and in only one case each of 
serous and mucinous carcinomas there was absent 
expression. However scoring them into high expressors 
and low expressors showed that high VEGF A expression 

table 1. Patient characteristics and morphologic details of 
eoC
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was seen only in one third (26 of 78) of ovarian cancer. 
High expression was overwhelmingly seen in 23 of 26 
(88.5%) cases of serous carcinomas (Figure 1) with 
strong cytoplasmic staining (Figure 2) when compared 
to other subtypes, which was statistically significant (p 
value=0.002). High VEGF was also seen in two cases of 
poorly differentiated carcinoma and one case of mixed 
carcinoma. Other tumour subtypes like endometrioid, 
mucinous or clear cell carcinomas showed only low VEGF 
A expression (Figure 3). However one case of mixed type 
carcinoma also showed high VEGF A expression. 

Histologic grade and VEGFA expression: Of the 
26 high VEGF A expressors as many as 23 (88.5%) 

belonged to high grade carcinomas (20 high grade serous 
carcinomas, 2 undifferentiated carcinomas and one mixed 
carcinoma)  and only 3 high expressors were seen in the 
low grade carcinomas showing a significant association 
between histologic grade and high VEGF A expression (p 
value=0.022). 

Stage and VEGF A expression: High VEGF A expression 
was associated with advanced stage of the disease in 
our study. Of the 23 patients with low stage (stages I/
II) disease high VEGF A expression was seen in only 3 
cases (13%), whereas  23 of 55 (41.8%) patients with 
advanced stage disease (stages III/IV)  showed high 
VEGF A expression which was statistically significant (P 
value=0.006) (Figure 4). 

figure 1: Shows the intensity of vegf a expression in 
various subtypes of epithelial ovarian Cancer. High-high 
vegf a expression, low-low vegf a expression, no-no 
vegf a expression.

figure 2: High grade serous ovarian carcinoma 
(Hematoxylin and eosin stainX100) in a, showing intense 
cytoplasmic expression of vegf in B (immunoperoxidase 
stain x100, HrP polymer method).

figure 3: endometrioid carcinoma in a, mucinous carcinoma in B and  Clear cell carcinoma in C (Hematoxylin and eosin 
stainX100), showing low vegf expression in d, e and f respectively (immunoperoxidase stain x100, HrP polymer method). 
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discussion 
Ovarian cancer is the leading cause of death from 

gynaecological malignancies with very little improvement 
in the early detection and treatment and prognosis 
remains poor. The vast majority ovarian malignancies 
are epithelial ovarian cancers (EOC) and two thirds 
present at an advanced stage at the time of diagnosis. (1,2)  
Tumor angiogenesis is essential for the growth of tumor 
cells and ovarian cancer is dependent on angiogenesis, 
VEGFA  being the most potent proangiogenetic factor. (7,9)  
Immunohistochemical  expression of VEGF A in EOC offers 
information about the angiogenic activity and its effects 
on tumor behaviour and prognosis.

We studied the expression pattern of VEGFA in 78 
cases of EOC from a tertiary Cancer Care Center in south 
India. Literature search revealed just one another study on 
expression of VEGFA in EOC from India (10) and none which 
has correlated VEGFA expression with clinicopathological 
parameters of EOC. The age distribution and histologic 
types and grade of EOC and the clinical stage at 
presentation in our study were consistent with established 
literature. (1,11) Majority of our patients were between 30-
60 years of age with a median age of 55 years. Serous 
carcinoma was the most prevalent subtype followed by 
endometrioid and mucinous carcinomas. 

All our cases of EOC except one showed expression 
of VEGF A to some extent. Those showing intense (3+) 
expression in more than 10% of tumor cells (scores 5 
and 6) were considered high expressors. High VEGF A 
expression was seen in 26 of 78 (33.3%) of our cases 

and low expression was seen in 52 of 78 (66.7%) cases. 
This finding is comparable to the studies of Ravikumar 
et al, Paley et al and Shen et al with 35%, 42% and 
48% of ovarian carcinomas showing high expression of 
VEGF A respectively. (10,12,13) High VEGF A expression in 
EOC in literature varies from around 7%, to as high as 
56% (13-15)  and this high variability could be the result 
of using different antibodies, different scoring methods 
with different cut-off points. High expressors in our study 
were seen overwhelmingly in serous carcinomas and in 
a few cases of undifferentiated and mixed carcinomas. 
There were no high expressors in other types of EOC 
like endometrioid, clear cell and mucinous carcinomas 
which was statistically significant (p value=0.002). This 
was unlike the study by Yamamoto et al where high VEGF 
expression was associated with clear cell morphology. 
(15) High expression in our study was significantly seen 
in advanced stage EOC (p value=0.006) and similar 
association with high stage was noted in several earlier 
studies. (15-18)  However other  studies have shown no 
clear association between high VEGF expression  and 
clinicopathologic variables like grade, type and stage 
of the disease. (14, 19-23)   Other studies have also shown 
that high expression of VEGF in EOC is associated with 
the presence of ascites, (23) decreased intra tumoral 
lymphocytes (24) and poor overall survival. (14,25,26)

The expression pattern of VEGFA in malignant cells is of 
tremendous importance, as inhibitors of angiogenesis like 
bevacizumab are increasingly being used successfully in 
colon, (27) breast (28)  and lung carcinomas (29) and have also 
been tried upfront and  in refractory and recurrent ovarian 
carcinomas.(30-33) We concur with Duncan et al that high 
VEGF A expression is seen in a subset of EOC which 
may identify a specific group sensitive to antiangiogenic 
therapy.(14) Patient selection for such targeted therapy can 
be based on  high expression of VEGF A  in the neoplastic 
cells.

We conclude that in our study variable expression of 
VEGF A was seen in most EOC, however high expression 
was seen in only one third (33.3%) of ovarian cancers, 
and this finding may be useful in identifying patients for 
antiangiogenic targeted therapy. Most high expressors 
belonged to high grade serous carcinomas and were 
associated with advanced stage disease.   
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figure 4: Shows vegf a expression in early stage and 
advanced stage epithelial ovarian Cancer (vegf low –low 
vegf a expressors, vegf high- high vegf a expressors). 
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