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ABSTRACT 
Objective: To assess the preoperative serum levels of 
vascular endothelial growth factor (VEGF) in ovarian 
masses compared to normal controls and to find a 
correlation between VEGF and Doppler indices in 
ovarian masses. Methods: The study was conducted 
from December 2009 to September 2012 in the on-
cology and ultrasound units in department of obste-
trics and gynecology, Ain Shams University on 150 
patients with ovarian masses. During preoperative 
workup, serum Ca-125 levels and serum VEGF levels 
were obtained. Ultrasonographic examination included 
two and three dimensional power Doppler ultrasound 
(3DPD). Laparotomic approaches were undertaken to 
obtain the final pathologic results. VEGF was meas-
ured in one hundred normal cases as controls. Results: 
Final ovarian pathology revealed seventy three ma-
lignant ovarian masses and seventy seven were benign. 
Serum Ca-125 levels in malignant cases were higher 
compared to those in benign cases (p < 0.001). Preo-
perative serum VEGF revealed higher levels in ma-
lignant ovarian masses than benign conditions and 
normal controls (p < 0.001). Three dimensional power 
Doppler indices, vascularization index (VI), flow in-
dex (FI) and vascularization flow index (VFI), corre-
lated positively with serum VEGF levels. Conclusion: 
Preoperative serum VEGF revealed higher levels in 
malignant ovarian masses than benign conditions and 
normal controls. These levels positively correlated 
with the Doppler vascular indices of the masses. 
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1. INTRODUCTION 
Ovarian cancer was the third most frequent gynecologi-
cal neoplasm and corresponded to the highest mortality 
rate in developed countries [1]. 

Vascular endothelial growth factor (VEGF) is a signal 
protein produced by cells that stimulate vasculogenesis 
and angiogenesis. It is part of the system that restores the 
oxygen supply to tissues when blood circulation is in-
adequate. [2] When VEGF is overexpressed, it can con-
tribute to disease. Solid cancers can not grow beyond a 
limited size without an adequate blood supply; cancers 
that can express VEGF are able to grow and metastasize. 

Angiogenesis has a vital role in tumor growth and me-
tastasis, and vascular endothelial growth factor (VEGF) 
represents a potent cytokine in this process [2]. 

Three dimensional power Doppler is a rather new 
modality for assessment of the vascularity of an organ or 
mass. The degree of arborization of different vessels in a 
mass can be assessed by the vascular indices VI, FI and 
VFI. 

Using three dimensional power Doppler in assessment 
of vascularity of ovarian masses revealed its sensitivity 
in prediction of ovarian malignancy, [3] and adding 3DPD 
to the risk of malignancy index increased its sensitivity 
for prediction of ovarian malignancy [4]. 

The vascular indices, vascularization index (VI), vas-
cularization flow index (VFI), and flow index (FI) are 
expressing the degree of vascularity of an organ in the *Corresponding author. 
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3D data set. 
The aim of this study was to compare the preoperative 

serum levels of vascular endothelial growth factor (VEGF) 
in ovarian masses with normal controls and to find a 
correlation between VEGF and Doppler indices in ova-
rian masses. 

2. SUBJECTS AND METHODS 
The study was conducted on 150 patients with ovarian 
masses. 

During preoperative workup, complete history was 
taken from all patients including age, marital status, oc-
cupation and special habits. 

Medical ethics committee approval and consent from 
every patient were obtained. 

Cases with associated medical disorders as vascular 
diseases, autoimmune disorders, causes for bleeding ten-
dency or patients on anticoagulant therapy were all ex-
cluded from the study. 

General and local examinations were done for all cas-
es. 

Preoperative serum Ca-125 levels and serum VEGF 
levels were estimated for all cases and ultrasonographic 
examination of the masses were done. 

Serum VEGF was measured by ID ELISA tm Human 
VEGF Elisa kits VEGF kits were ordered from ID labs-  

Canada (www.Idlabs.com). 
(IDEL-V-Enzyme Immunoassay for the Detection of 

Human VEGF in Cell Culture Supernatants, Serum, and 
Plasma). 

Ultrasonographic scans included depiction of the ute-
rus and both ovaries by both transvaginal and abdominal 
approaches. 

The assessment of the masses by ultrasound included 
comment on consistency of the mass, wall thickness, 
bilaterality and presence of ascites and/or focal lesions of 
the liver. 

Doppler ultrasound included 2D Doppler blood flow 
resistance index (RI) of the blood flow of the mass and 
three dimensional power Doppler indices of the masses 
including VI, FI and VFI. 

Two dimensional Doppler ultrasound was introduced 
and sample volume was focused on the intra-tumeral 
vessels and resistance index (RI) was calculated. 

After introduction of 3DPD, the gate was centralized 
on the most vascular area of the mass. After acquisition 
of the volume, and 3D multiplanar view was obtained, 
histogram program was activated and vascular indices 
were calculated. (Figure 1) All ultrasound and Doppler 
scans were done by the same person, the second author. 

Laparotomic approaches were undertaken to obtain the 
final pathologic results. 

 

 
(At the right side, the picture of mass and 3D mltiplanar view, and pictures of the uterus for the same case and coronal plane of endometrium at the right bottom 
of the picture, all are the items of the scan for every case). 

Figure 1. Activation of histogram after volume acquisition and 3DPD vascular indices (VI, FI and VFI). 
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Serum VEFG was measured in one hundred normal 

women as controls. 
Statistical analysis of all results was performed using 

the SPSS software version 15.0 (SPSS Inc., Chicago, IL, 
USA). Continuous variables were presented as mean and 
95% confidence interval (CI). The student’s t test and the 
χ2 test were used for comparing continuous and categor-
ical variables, respectively. 

3. RESULTS 
Final ovarian pathology revealed seventy three 73 ma-
lignant ovarian masses and seventy seven 77 were be-
nign. 

Histopathological results of benign and malignant his-
topathological results are shown in Tables 1 and 2. 

(Ovarian ectopic pregnancies, functional cysts, Theca 
lutein cysts and cases of pelvic adhesions were not in-
cluded in the study). 

Mean age of benign cases was 37.0 ± 2.4 years, ma-
lignant cases 58.9 ± 6.3 years and controls 41.1 ± 5.2 
years. 

Serum VEGF means were 60.49 ± 8.03, 218.22 ± 
75.48, 601 ± 235.33 pg/ml in controls, benign and ma-
lignant cases successively with highly significant differ-
ences between all groups (Table 3). 

Twelve malignant cases with ascites had a mean se-
rum VEGF level of 801.08 ± 12.03 pg/ml (670 - 1225 
pg/ml). The presence of ascites was associated with a 
significantly higher serum VEGF levels. 

Means and ranges of RI, VI, FI and VFI, and serum 
CA125 in IU/ml are mentioned in Table 4. 

The difference in mean RI, VI, FI, VFI and CA125 in 
benign and malignant cases were tested using t test, ma-
lignant cases showed statistically lower mean RI, higher 
mean VI, FI, VFI, and CA 125 when compared to benign 
cases p < 0.001 (Table 4). 

Correlation coefficient test revealed a positive correla-
tion between VEGF and VI, positive correlation between 
VEGF and FI, positive correlation between VEGF and 
VFI and negative correlation between VEGF and RI 
(Table 5, Figures 2-7). 

 
Table 1. Histopathological results of malignant masses. 

Pathological results Number 

Serous cystadenocarcinoma 43 

Mucinous cystadenocarcinoma 12 

Clear cell carcinoma 8 

Endodermal sinus tumor 5 

Dysgerminoma 2 

Sertoli-Leydig cell tumor 2 

Krukenberg 1 

Total 73 

Table 2. Pathological results of benign masses. 

Pathological results Number 

Serous cystadenoma 29 

Mucinous cystadenoma 23 

Mature cystic teratoma 7 

Fibroma 2 

Endometriosis 16 

Total 77 

 
The ability of VEGF to differentiate malignancy from 

benign masses at a cutoff VEGF level of 280 pg/ml gave 
a sensitivity of 76%, a specificity of 70%, a positive pre-
dictive value of 89%, and a negative predictive value of 
52%. 

4. DISCUSSION 
The age-adjusted incidence rate of ovarian cancer in 
USA was 12.5 per 100,000 women per year. These rates 
are based on cases diagnosed in 2006-2010 from 18 
SEER (Surveillance Epidemiology and End Results) geo-
graphic areas [5]. 

The age-adjusted death rate was 8.1 per 100,000 wom-
en per year. These rates are based on patients who died 
in 2006-2010 in the US [5]. 

According to SEER data, in 2011, 21,990 women were 
newly diagnosed cases of ovarian cancer in USA and 
15,460 died. The American Cancer Society expected that 
in 2012, about 22,280 new cases of ovarian cancer will 
be diagnosed and 15,500 women will die of ovarian 
cancer in the United States [5]. 

According to the data, the mortality rates for ovarian 
cancer have not improved in forty years since the “War 
on Cancer” was declared. 

Other cancers have shown a marked reduction in mor-
tality, due to the availability of early detection tests and 
improved treatments. Unfortunately, this is not the case 
with ovarian cancer, which is still the deadliest of all 
gynecologic cancers. 

All preoperative diagnostic procedures that are able to 
distinguish whether an ovarian neoplasm is malignant or 
benign should be done for planning optimized treatment. 
A preoperative suggestion of malignancy can guide the 
gynecologist to refer women with suspected pelvic masses 
to an oncological unit for appropriate therapy and opti-
mized debulking in the appropriate time [6-8]. 

Not only the surgical aspect but the postoperative che-
motherapeutics and the expected survival rate and prog-
nosis of the case should be widely investigated and pre-
dicted preoperative. 

The current preoperative assessment of ovarian mass 
includes clinical criteria and investigations as tumor mark-
ers and imaging of the mass. 
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Table 3. Serum VEGF levels values in pg/ml in all groups. 

 N Mean ±SD 95% Confidence Interval for Mean Minimum Maximum 
Control 100 60.49 8.03 58.90, 62.08 53.00 75.00 
Benign 77 218.22 75.48 201.09, 235.35 140.00 310.00 

Malignant 73 601.01 235.33 546.11, 655.92 320.00 1225.00 

The difference in mean VEGF in control, benign and malignant cases was tested using one-way analysis of variance. Multiple comparison were performed 
using Bonferroni test. There was a statistical significant difference between the three groups p < 0.0001. Benign cases showed on average 158 more than control 
group p < 0.001 and malignant cases showed 540 more p < 0.001, also malignant cases showed 383 higher than benign p < 0.001. 

 
Table 4. Comparison between benign and malignant cases according to RI, VI, FI and VFI, and CA125. 

  Mean 95% Confidence Interval for Mean Minimum Maximum t p 

RI 
Benign 0.64 0.62 0.66 0.57 0.75 

16.87 <0.0001 
Malignant 0.45 0.44 0.46 0.37 0.60 

VI 
Benign 7.38 6.80 7.96 5.00 17.00 

22.45 <0.0001 
Malignant 17.03 16.40 17.67 11.00 22.00 

FI 
Benign 22.40 21.40 23.41 17.00 30.00 

23.28 <0.0001 
Malignant 36.84 36.14 37.53 29.00 48.00 

VFI 
Benign 1.42 1.32 1.52 0.50 1.90 

28.56 <0.0001 
Malignant 3.54 3.43 3.65 2.00 4.50 

CA125 
Benign 65.81 52.44 79.17 25.00 250.00 

9.36 <0.0001 
Malignant 305.07 254.67 355.47 180.00 1100.00 

The difference in mean RI, VI, FI, VFI and CA125 in benign and malignant cases were tested using t test. Malignant cases showed statistically lower mean RI, 
higher mean VI, FI, VFI, and CA 125 when compared to benign cases p < 0.001. 

 
Table 5. Correlation coefficient results of VEGF versus Dopp-
ler indices.  

  VEGF 

  Benign Malignant 

RI 
r −0.19 −0.16 
p 0.10 0.19 

VI 
r 0.28 0.34 
p 0.013 0.003 

FI 
r 0.97 0.47 
p <0.0001 <0.0001 

VFI 
r 0.47 0.51 
p <0.0001 <0.0001 

Pearson Correlation test: r: correlation coefficient. Among cases of benign 
group: there was negative correlation between VEGF and RI p = 0.10, there 
was a positive correlation between VEGF and VI p = 0.01 (mild association 
r = 0.28), FI p < 0.001 (strong association r = 0.97) and VFI p < 0.001 
(moderate association r = 0.47). Among case of malignant group: there was 
negative correlation between VEGF and RI p = 0.19, there was a positive 
correlation between VEGF and VI p = 0.003 (mild association r = 0.34), and 
FI p < 0.001 (moderate association r = 0.47) and VFI p < 0.001 (moderate 
association r = 0.51). 

 
Different scoring systems for transvaginal ultrasono-

graphic characterization of ovarian lesions were based on 
visualization of the inner wall irregularities, measuring 
the wall thickness depicting thick septations or solid 
components, evaluation of the echogenicity of the lesion 
and analysis of the distal shadowing [9-12]. 

Angiogenesis has a vital role in tumor growth and me-
tastasis, and vascular endothelial growth factor (VEGF) 
represents a potent cytokine in this process [13]. 

 
Figure 2. Scatter diagram showing the relation of VEGF and 
VI in benign cases. 

 
Tumeral capillaries are devoid of muscle layer, in 

which resistance to blood flow is less than normal. Re-
sistance index (RI) is a parameter used to measure resis-
tance to blood flow in these vessels. RI reflects the de-
gree of angiognesis in tumors. It was suggested to predict 
malignancy in ovarian masses [14]. 

The introduction of 3D power Doppler systems can  
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Figure 3. Scatter diagram showing the relation of VEGF and FI 
in benign cases. 

 

 
Figure 4. Scatter diagram showing the relation of VEGF and 
VFI in benign cases. 

 
improve the information available on ovarian tumor 
vascularity; it expresses the phenomena of neoangioge-
necity with malignancy. It can be of avascular, parallel or 
Chaotic pattern [3,4]. Vascularization index (VI), Flow 
index (FI) and Vascularization flow index (VFI) are the 
vascular indices expressing degree of angiogenesis and 
blood flow. 

The aim of this study was to compare the serum levels 
of VEGF in benign and malignant ovarian masses, cor-
related to Doppler indices and compared to normal con-
trols. 

 
Figure 5. Scatter diagram showing the relation of VEGF and 
VI in malignant cases. 

 

 
Figure 6. Scatter diagram showing the relation of VEGF and FI 
in malignant cases. 

 
Final ovarian pathology revealed seventy three 73 ma-

lignant ovarian masses and seventy seven 77 were be-
nign. Serum VEGF means were 60.49 ± 8.03, 218.22 ± 
75.48, 601 ± 235.33 pg/ml in controls, benign and ma-
lignant cases successively with highly significant differ-
ences between all groups. 

Correlation coefficient test revealed a positive correla-
tion between VI, FI, and VFI versus VEGF and negative 
correlation between VEGF and RI. 
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Figure 7. Scatter diagram showing the relation of VEGF and 
VFI in malignant cases. 

 
The current study augmented the importance of VEGF 

as a diagnostic marker for malignancy which agree with 
many other authors [15-22]. The prognostic importance 
was mentioned in the literature [2,17]. In a study of 
Duncan et al.; they used a tissue microarray of 339 pri-
mary ovarian cancers, the expression of VEGF was as-
sessed immunohistochemically. They concluded that high 
VEGF expression independently predicts poor prognosis 
[2]. VEGF as a prognostic marker was not discussed in 
the current study. 

In a study of Robati, et al., to compare the diagnostic 
value of preoperative serum values of CA125 and VEGF, 
and the combination of both biomarkers for differentiat-
ing early stage epithelial ovarian cancers from ovarian cysts, 
the addition of VEGF to CA125 increased the sensitivity 
of early ovarian cancer detection from 60% to 73.3%. 
That study indicated that the addition of VEGF serum val- 
ue improves the specificity and the sensitivity of CA125 
to detect early stage epithelial ovarian cancers, and to 
differentiate these neoplasms from ovarian cysts [15]. 

In another study for Cooper et al., to assess the clinical 
relevance of serum VEGF levels in distinguishing pa-
tients with ovarian cancer from those with benign adnex-
al masses, preoperative serum VEGF levels were as-
sessed in 101 women with invasive epithelial ovarian 
cancer, 16 with low malignant potential (LMP) ovarian 
tumors, and 34 women with benign ovarian tumors, they 
concluded that preoperative VEGF levels may be useful 
in differentiating benign adnexal masses from malignan-
cy and considered that preoperative VEGF level >380 
pg/ml is an independent risk factor for death because of 

disease [16]. Cut off value of the current study was 280 
pg/ml had a sensitivity of 76%, a specificity of 70%, a 
positive predictive value of 89%, and a negative predic-
tive value of 52%. 

In a study for Harlozinska et al., VEGF levels were 
significantly elevated in the sera and cyst fluids of car-
cinoma patients compared with patients who had benign 
neoplasms. The differences between VEGF values in sera 
and tumor effusions in relation to histological subtypes 
of ovarian carcinoma and FIGO stages were statistically 
insignificant. High VEGF levels in ascetic fluids ap-
peared to be significantly associated with shorter dis-
ease-free survival and overall survival [17]. In the current 
study, the higher serum VEGF levels were also found in 
ovarian malignancy while no intra cystic fluid assess-
ment was done in the current study. In a study of Demir-
kiran et al., needle puncture for cyst fluid aspiration were 
performed on 88 cystic ovarian masses intraoperative. 
Forty-five patients with benign and 43 patients with ma-
lignant ovarian pathology were analyzed for cyst fluid 
and serum VEGF concentrations. They concluded that 
there were significantly higher concentrations of VEGF 
present in cyst fluid and serum of patients with malignant 
ovarian cysts compared with benign ovarian ones [18]. 

Hu et al. mentioned that VEGF has its role not only in 
tumor angiogenesis but also vascular leakage leading to 
ascites [13]. That may explain the higher serum VEGF 
levels in cases with ascites in the current study, the pres-
ence of ascites was associated with a significantly higher 
serum VEGF levels. Twelve malignant cases with ascites 
had mean serum VEGF level of 801.08 ± 12.03 pg/ml. 
(670 - 1225 pg/ml). 

In the current study, correlation coefficient test re-
vealed a positive correlation between VI, FI, and VFI ve-
srus VEGF and negative correlation between VEGF and 
RI. 

VI, FI and VFI are expressing the degree of vasculari-
zation of an area by 3D ultrasound, while RI measures 
the resistance to blood flow in arteries feeding the tumor. 
That explain the increased levels of serum VEGF with 
positive correlations with 3DPD indices while there was 
an inverse correlation found with RI. 

In an interesting study by Lutgendorf et al., they stu-
died the relation between psychological element and pre- 
operative VEGF serum levels in patients with ovarian 
cancer; they found that, women with ovarian carcinoma 
who reported higher levels of social well being, greater 
support from friends and neighbors and less distance 
from friends had lower levels of VEGF. Individuals who 
reported greater helplessness or worthlessness had higher 
VEGF levels, but depression as a whole was not related 
to VEGF levels. 

Higher levels of social well being were correlated with 
lower VEGF levels in pre surgical patients with ovarian 
carcinoma. These findings suggest a possible mechanism 
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by which poor social support may be associated with 
disease progression [20]. Although that issue was not 
discussed in the current study, but it should be stated that 
the cases were recruited from maternity hospital of Ain 
shams university, middle to low social classes and most 
patients especially the older ones did not have enough 
social life or friends around most of the time, however no 
solid data can be elicited to have a complete comment 
concerning social issue and its relation to VEGF in the 
current study. 

A study of Mu et al., augmented the promising role of 
antiangiogenic drugs in ovarian masses and hence using 
the serum levels of VEGF in monitoring the patients’ 
response to treatment [22]. 

In the current study, the fact that 3DPD indices corre-
lated positively with the serum levels of VEGF is an in-
dicator of the degree of vascularity of the mass and at the 
same time the serum level of VEGF. It is expected that 
the higher the indices values, the worse is the prognosis 
of the malignant mass. 

3DPD as a non invasive accepted investigation can 
express the degree of vascularity as they correlated posi-
tively with serum VEGF. 

Hence the importance of the 3D power Doppler indic-
es which may be used as a preoperative complementary 
investigation to predict prognosis in such cases, and even 
in non operable cases of ovarian cancer if under antian-
giogenic drugs, Doppler indices follow up may be used 
for monitoring the response of the cases to anti angi-
ogenic drugs. 

Ovarian cancer used to be the silent killer for women 
for many years; the late diagnosis is still a real problem. 
Proper diagnosis, management and using every tool to 
help in monitoring the postoperative condition are targeted. 

Until a day that cancer may be a curable disease, all 
efforts to find better diagnostic facilities, predictive and 
prognostic procedures should be done. 

5. CONCLUSIONS 
Preoperative serum VEGF revealed higher levels in ma-
lignant ovarian masses than benign conditions and nor-
mal controls. These levels positively correlated with the 
Doppler vascular indices of the masses. 

Considering the pilot nature of the study, further stu-
dies with larger numbers should be considered. 
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VEGF: Vascular endothelial growth factor; 
3DPD: Three dimensional power Doppler; 
VI: Vascularization index; 

FI: Flow index; 
VFI: Vascularization flow index; 
SEER: Surveillance epidemiology and end results.
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