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INTRODUCTION 

Epithelial ovarian cancer (EOC) is the most lethal 

gynecologic malignancy and the fifth most common 

cause of cancer-related death in women.1 Cancer has the 

ability to spread to adjacent or distant organs resulting in 

life-threatening conditions.2 For the metastatic spread of 

cancer tissue, the growth of the vascular network is 

important which is known by angiogenesis and 

lymphangiogenesis.3 

Angiogenic and lymphangiogenic factors are increasingly 

receiving attention, especially in the field of neoplastic 

vascularization.4 Angiogenesis is regulated by both 

activator and inhibitor molecules. More than a dozen 

different proteins have been identified. Levels of 

expression of angiogenic factors reflect the 

aggressiveness of tumor cells.5,6 Among these, the 

vascular endothelial growth factor (VEGF) family and its 

receptors represent a key pathway. High levels of VEGF 

in serum and ascites, and high VEGF expression on 

ovarian carcinoma tumors, have been associated with 

ovarian tumor progression and poor prognosis.3,7-11 

Authors aimed in the present review to discuss the 

relevance of serum levels of VEGF in patients with EOC 

with clinicopathological characteristics. Therefore, VEGF 

can be a promising prognostic biomarker for EOC 

patients. 

OVARIAN CANCER 

Epithelial ovarian cancer (EOC) is the most lethal 

gynecologic malignancy and the fifth most common 

cause of cancer-related death in women. The estimated 

annual incidence of this disease worldwide is just over 

200,000 individuals, with approximately 125,000 deaths.1 

Ovarian cancer is often called ‘silent cancer’ because of 
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its diffuse symptoms. The lethality of ovarian carcinoma 

primarily stems from the inability to detect the disease at 

an early, organ-confined stage, and the lack of effective 

therapies for advanced-stage metastasizing disease.12  

Unlike cervical cancer, ovarian cancer does not have a 

detectable pre-invasive phase, and little evidence exists 

for progression from stage I to stage III disease. 

Therefore, to date, there is no effective or recommended 

way to screen for ovarian cancer in the general 

population.13 Recent studies proposed Vascular 

Endothelial Growth Factor (VEGF) as a prognostic 

biomarker in ovarian cancer revealing positive expression 

of VEGF at a significantly higher frequency in ovarian 

tumor tissue.3 These data suggest a promising future role 

of VEGF as a biomarker in ovarian cancer.  

THE RISK OF OVARIAN CANCER 

Unfortunately, identifying high-risk women can be 

difficult because ovarian cancer risk factors are not well 

understood. If high-risk women can be identified, risk-

reducing surgery can be performed, and ovarian cancer 

can be prevented. Personal risk factors include age, a 

personal history of nulliparity, oral contraceptive use, 

obesity, breast cancer, and menopausal status. Increased 

parity decreases the risk by 50% over nulliparity, as does 

oral contraceptive use for 5 years.2 Various studies have 

demonstrated the association between obesity and ovarian 

cancer. Overall, it seems that obese women (those with a 

body mass index of at least 30) have a higher risk of 

developing ovarian cancer.14 Women with a BRCA1 or 

BRCA2 mutation who have been diagnosed with and 

treated for breast cancer continue to have a high risk of 

developing ovarian cancer. Therefore, prophylactic 

measures for the prevention of ovarian cancer should be 

considered, especially for women with stage I breast 

cancer.15 The family history of ovarian cancer also 

increases a woman’s lifetime risk of developing this 

cancer, in addition, some other types of cancer such as 

colorectal and breast cancer is linked to an increased risk 

of ovarian cancer. This is because these cancers can be 

caused by an inherited mutation (change) in certain genes 

that cause a family cancer syndrome that increases the 

risk of ovarian cancer.16  

OVARIAN CANCER METASTATIC BEHAVIOR 

The biological behavior of ovarian carcinoma is unique, 

differing markedly from the classic and well-studied 

pattern of hematogenous metastasis found in most other 

cancers.17 The task of metastasis appears to be easier for 

ovarian carcinoma. Once the cancer cells have detached 

as single cells or clusters, they metastasize through a 

passive mechanism, carried by the physiological 

movement of peritoneal fluid to the peritoneum and 

omentum.4 Many previous reports confirmed that Paget’s 

“seed and soil” theory holds true for ovarian carcinoma. 

The “soil” for ovarian carcinoma is the mesothelium that 

covers all organs within the peritoneal cavity, including 

the omentum and the diaphragm.18 Before the ovarian 

carcinoma cells detach and start their metastatic journey, 

they often undergo an epithelial-to-mesenchymal 

transition (EMT), which eases the attachment of 

epithelial cells to the basement membrane and loosens the 

intercellular adhesions between the cancer cells. Signals 

inducing EMT in cancer progression are multiple and 

diverse including growth factors, such as epidermal 

growth factor (EGF) and fibroblast growth factor (FGF), 

platelet-derived growth factor (PDGF), insulin-like 

growth factor (IGF) and vascular endothelial growth 

factor (VEGF).19  

ANGIOGENESIS IN OVARIAN CANCER  

It is well established that angiogenesis, the development 

of new blood vessels from the existing vasculature, is 

crucial for the growth and metastatic spread of solid 

tumors beyond 100-200 µmas diffusion alone can no 

longer provide the nutrients required for the growing 

tumor.6 Thus, upregulation of angiogenesis is a key step 

in sustained tumor growth and also is critical for tumor 

metastasis. Angiogenesis is regulated by both activator 

and inhibitor molecules. Early during tumor progression, 

an angiogenic switch occurs disturbing the physiological 

balance that keeps the adult vasculature quiescent 

towards new vessel formation. This proangiogenic state is 

characterized by upregulation of factors that stimulate 

vasculogenesis and down regulation of antiangiogenic 

proteins. Among these, the VEGF family and its 

receptors represent a key pathway.5 

VEGF AS AN ANGIOGENIC FACTOR IN 

OVARIAN CANCER 

There are seven family members (VEGF A–E, placental 

growth factor [P1GF-1 and PlGF-2), and multiple 

isoforms of VEGF-A result from alternative mRNA 

splicing. This family of growth factors signals through 

cell surface tyrosine kinase receptors (VEGFR-1 [fms-

like tyrosine kinase-1; FLT-1], VEGFR-2 [KDR/Flk-1], 

and VEGFR-3 [Flt-3]) expressed on normal endothelial 

cells. Preferential binding to receptors has been observed, 

with VEGF-A binding specifically to VEGFR-1 and -2, 

VEGF-B and PlGF-1 and -2 binding to VEGFR1, and 

VEGF-C and -D activating VEGFR-3.8 The role of 

VEGF–EGFR axis in ovarian cancer has been 

documented in many studies, coming to further 

prominence since the recent recognition that anti-VEGF 

therapies exert clinical efficacy in women with ovarian 

cancer. VEGF is detectable by immunostaining in most 

ovarian tumors and omental metastases and is measurable 

in the ascites fluid and serum of patients with ovarian 

cancer.3,10 

VEGF BIOLOGICAL BEHAVIOR IN OVARIAN 

CANCER 

It has been noted that the expression of VEGF and 

VEGFR in ovarian cancer is an independent poor 
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prognostic factor. Importantly, VEGF, VEGFR-1,and 

VEGFR-2  expressions are cancer-specific, with strong 

expression being noted in malignant tumors, intermediate 

expression in borderline tumors, and weak or no staining 

in normal ovarian tissue.10 Other members of the VEGF 

signaling pathways are expressed in ovarian tumors, 

including neuropilin and VEGFR-3 that is implicated in 

lymphangiogenesis and ascites formation.20 Aside from 

promoting angiogenesis, through direct stimulation of 

endothelial cells, VEGF exerts other important functions 

in OC. By augmenting the permeability of the 

microvasculature, VEGF enhances the extravasation of 

plasma proteins and water in the tumor niche; this 

contributes to the reshaping of the extracellular matrix 

that becomes favorable to cell migration and 

proliferation. The stroma is thus invaded by endothelial 

cells, which will form new blood vessels, and by 

fibroblasts, which synthesize proteoglycans and 

glycosaminoglycans, contributing to its maturation.21 In 

addition, increased capillary permeability induced by 

VEGF causes ascites formation. This has been 

demonstrated in OC xenograft models that harbor high 

VEGF concentrations in malignant ascites associated 

with tumors. It is not surprising therefore those VEGF 

inhibitors potently inhibit ascites production and reduce 

intraperitoneal tumor growth.22 

The newly formed, leaky capillaries induced by VEGF 

are favorable to metastasis as their basement membranes 

are fenestrated and allow tumor cells to disseminate.6 

Through its effects on vasculature, stroma and tumor 

cells, the VEGF–VEGFR axis orchestrates in OC 

significant pro-tumorigenic and metastatic effects. 

VEGF AS A PROGNOSTIC BIOMARKER IN 

OVARIAN CANCER 

High levels of VEGF in serum and ascites, and high 

VEGF expression on ovarian carcinoma tumors have 

been associated with ovarian tumor progression and poor 

prognosis. Inhibition of human VEGFR2 in an ovarian 

cancer xenograft model inhibited tumor growth by 

blocking the VEGFR2 on the human tumor cells. Several 

VEGF/VEGFR inhibitory agents are in clinical testing 

and early results are promising suggesting that the 

regrowth of disease is delayed if VEGF is depleted from 

the tumor for a prolonged period of time.23 

In addition, these markers could predict response to 

antiangiogenic therapy including measurement of 

proangiogenic protein concentration in plasma or urine 

(e.g., VEGF, PDGF, PlGF, thrombospondin 1[TSP1]).24  

Serum biomarkers are attractive targets for early 

detection protocols and CA125 has been widely used in 

screening trials. CA125 has limitations of specificity for 

ovarian cancer as an elevation in serum can also occur in 

pregnancy, endometriosis, and menstruation.25 Panels of 

biomarkers are thought to offer the potential for higher 

discriminatory power. However, recent studies which 

constructed putative biomarker panels with samples from 

the PLCO cancer trial found no improvement in 

diagnostic power in pre-clinical samples, leaving CA125 

as the single best biomarker for ovarian cancer 

screening.26 To improve outcomes for ovarian cancer 

patients there is a necessity to identify new biomarkers 

that are capable of improving on or complementing 

CA125 for early detection of ovarian cancer.27 

VEGF CORRELATION WITH 

CLINICOPATHOLOGICAL PARAMETERS IN 

EOC  

Lymph nodal involvement 

Lymph node involvement in gynecologic neoplasms 

implies a worse prognosis and changes in the therapeutic 

approach. Generally, ovarian cancer has three routes for 

lymphatic metastasis. Firstly, through lymphatic vessels 

within the infundibulopelvic ligament towards the para-

aortic and para-caval lymph nodes. Once the pelvic and 

para-aortic lymph nodes have been involved, lymphatic 

channels within the diaphragm and retro-peritoneum will 

facilitate dissemination above the diaphragm. Less 

commonly, the second route follows the sub-ovarian 

plexus in the bilateral broad ligament towards the 

obturator and pelvic iliac lymph nodes. The third 

potential route follows the bilateral round ligament of the 

uterus to the external iliac and deep inguinal lymph 

nodes.28 

Involvement of pelvic and para-aortic lymph nodes is 

common, particularly in advanced-stage disease (stages 

III and IV), with an incidence of 40%-88%. Systematic 

lymphadenectomy as part of the surgical staging of 

apparent early-stage ovarian cancer is associated with a 

statistically significant increase in median operative time, 

median blood loss, and the proportion of patients 

undergoing blood transfusions. However, significantly 

improves progression-free survival (PFS) rates, without a 

statistically significant impact on overall survival (OS).29 

Lymphatic spread of early-stage ovarian cancer upstages 

the patient to FIGO stage III. Therefore, 

lymphadenectomy in ovarian cancer patients provides an 

essential tool for ovarian cancer staging, a way for 

tailored management strategies and also offers greater 

survival rates for these patients. However, systemic 

lymphadenectomy may increase surgical morbidity and 

postoperative complications, thus, it is mandatory to 

investigate possible biomarkers for prediction of lymph 

node involvement in ovarian cancer.30 

Li et al, reported that patients with metastasis to the 

peritoneum and lymph nodes had higher serum VEGF 

levels than patients without metastasis, which is in 

agreement with a former investigation recorded that 

VEGF expression was correlated with broad metastasis in 

ovarian cancer.9,31 Accordingly, routine follow-up with 

repeated measurement of serum levels of VEGF and 
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ovary ultrasonography may facilitate detection of small 

tumors and early tumor metastasis, which might improve 

the life expectancy of ovarian cancer patients. 

Additionally, from a biological viewpoint, VEGF 

expression is related to the malignant potential of tumors 

and the tendency of tumors to metastasize. 

FIGO stage 

A correlation between VEGF expression and the surgical 

stage was recorded, with advanced stage tumors 

demonstrating stronger VEGF expression than early-

stage tumors.32 

The prevailing, recently modified International 

Federation of Gynecology and Obstetrics (FIGO) 

classification scheme includes a revision of stage III: 

Classification of ovarian cancers as stage IIIA1 is based 

on spread to the retroperitoneal lymph nodes without 

intraperitoneal dissemination, since an analysis of 

patients with these findings indicated that their survival 

rate is significantly better than that of patients with 

intraperitoneal dissemination. Thus, the overall survival 

rate for ovarian cancer patients with retroperitoneal 

lymph node involvement but no peritoneal 

carcinomatosis is 58%-84%, compared with 18%-36% 

for patients with retroperitoneal involvement and 

peritoneal carcinomatosis. However, less than 10% of 

ovarian carcinomas spread by means of retroperitoneal 

lymph node involvement alone (stage IIIA1).33 

VEGF has been demonstrated to be related to clinical 

stages and to malignant grades in human tumors. Shen et 

al, found that VEGF was expressed differently at 

different stages in ovarian cancer. There was no 

difference in positive rate between early stage and late 

stage (94.6%, 35/37 versus 100%, 27/27). However, 

32.4% in the former group were strongly-positive, 

compared with 70.4% strongly-positive in the latter group 

(p500 ml), or high malignant potential in human ovarian 

cancer.34 

Histopathological type 

The common histological types of epithelial ovarian 

carcinoma are a serous, endometrioid, clear cell, and 

mucinous carcinoma, as well as carcinomas of mixed 

type. These distinct morphological entities are growingly 

perceived to be tumors of different etiology, with unique 

genetic and phenotypic characteristics and different 

clinical behavior, including response to chemotherapy. 

Clinical observations and genetic studies have divided 

ovarian cancer into two major subtypes.35 Type 1 cancers 

are composed of low-grade serous cancers, endometrioid 

and clear cell cancers, and mucinous cancers. This group 

tends to grow locally, metastasize late, and behave in a 

more indolent fashion. Type 2 cancers are composed of 

high-grade serous cancers, carcinosarcomas, and 

undifferentiated carcinomas. These are highly aggressive 

malignancies that generally present at an advanced stage. 

In addition to clinical differences, there are also notable 

genetic differences. Type 1 cancers are associated with 

mutations in KRAS, ARID1A, PIK3CA, PTEN, and 

BRAF; whereas the majority of type 2 cancers are 

associated with mutations in TP53.36 

Mukherjee et al, determined the VEGF expression by 

immunohistochemistry.10 Among the 22 malignant cases, 

18 (81.8%) were high expressers, only 3 (13.6%) were 

low expressers and expression was absent in one case. 11 

cases out of 14 of high grade serous papillary 

cystadenocarcinoma, all five cases of mucinous 

cystadenocarcinoma and the two cases of endometrioid 

carcinoma showed high VEGF expression. VEGF 

expression was absent in clear cell carcinoma, This 

finding is comparable to the study of Premalata et al, with 

26 of 78 (33.3%) cases of primary malignant epithelial 

ovarian neoplasm showing high VEGF expression.11 

Age at diagnosis 

As with most cancers, the risk of developing ovarian 

cancer increases as a woman gets older. Women over the 

age of 50 have a higher risk, and most cases of ovarian 

cancer occur in women who have already gone through 

the menopause. More than half the cases of ovarian 

cancer diagnosed are women over 65 years. Early age at 

menarche and late age at menopause exhibit a moderate 

increase in ovarian cancer risk.37 Although not a very 

commonly studied parameter, it seems that age is also 

associated with the possibility of the apparition of lymph 

node metastases. It has been demonstrated that younger 

age at diagnosis is usually associated with a poorer 

outcome and, with a higher rate of positive para-aortic 

lymph nodes, especially due to a higher biological 

aggressiveness.38 

Duncan et al, did not find any association between VEGF 

expression and patients’ age.32 Similar results are 

reported by Siddiqui et al, consistent with these results, 

Ranjbar et al, revealed no association between VEGF 

expression and age, among the 48 patients with serous 

ovarian carcinoma with high VEGF expression, 25 

(52.3%) were ≤53 years old, and 23 (47.7%) were < 53 

years old.3,39 

The extent of metastasis in ovarian cancer patients and 

sizes of tumor residue after the operation. As previously 

observed, the serum VEGF levels were significantly 

higher in the ovarian cancer patients with metastasis to 

lymph nodes or omentum than in the ovarian cancer 

patients without lymph node or omentum metastasis 

(p<0.05). In addition, the serum VEGF levels were 

higher (p<0.05) in patients with residual tumor sizes >2 

cm than in patients with residual tumor sizes ≤2cm after 

surgical therapy.9 

VEGF expression was correlated with broad metastasis in 

ovarian carcinoma.31 Accordingly, the combined 

evaluation of serum levels of VEGF and ovary 
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ultrasonography may facilitate detection of small tumors 

and early tumor metastasis, which might improve the life 

expectancy of ovarian cancer patients. In addition, the 

levels of serum VEGF reported being strikingly lower 

after surgery than those before therapy, the level of serum 

VEGF after operation depends on the residual size of the 

tumor.  

Ascites and VEGF level 

VEGF is secreted in malignant ascites at concentrations 

50-200 times higher than in non-malignant fluid and 

plays an important role in ascites formation in ovarian 

cancer patients via increasing peritoneal permeability by 

down regulation of Claudin 5.7 VEGF is a specific 

endothelial mitogen, the major factor for a vascular 

generation, which plays an important role in tumorous 

vessels generation and ascites production by facilitating 

tumor vascular endothelial proliferation and elevating 

local capillary permeability.40 Higher levels of serum 

VEGF were reported with more ascites (>500ml). 

Reciprocally, markedly lower levels of serum VEGF 

were measured in patients with fewer ascites (<500ml), 

suggesting a strong correlation between VEGF serum 

levels and ascites in ovarian cancer patients.9 
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