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Abstract

Background The present study aimed to compare the
diagnostic value of preoperative serum levels of CA125
and vascular endothelial growth factor (VEGF), and the
combination of both biomarkers for differentiating early
stage epithelial ovarian cancers from ovarian cysts.
Materials and methods 1In this study, preoperative and
postoperative serum levels of CA125 and VEGF of 30
patients with epithelial ovarian cancers (cancer arm)
compared with that of 30 patients with benign ovarian cysts
(cyst arm). Initial eligibility included having an ovarian
cystic or solid mass detected by transvaginal ultrasonog-
raphy at the hospital clinic. Included patients had to have
localized pelvic disease and no clinical or imaging evi-
dence of extrapelvic disease, ascites and distant metastasis.
Initial exclusion criteria included prior history of malig-
nancy or any type of cancer treatment. After surgery, only
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patients with pathologic diagnosis of early stage epithelial
ovarian cancer and ovarian cyst were included.

Results Preoperative serum levels of CA125 (P < 0.001)
and VEGF (P < 0.001) were significantly higher in the
study arm compared to the control arm. In addition, post-
operative serum levels of CA125 (P < 0.001) and VEGF
(P <0.001) in study arm were significantly decreased
compared to preoperative serum levels. At usual clinical
cut-off levels of 17.6 pg/ml for VEGF and 35 U/ml for
CA125, the sensitivity and specificity for detecting early
stage epithelial ovary cancer were 90 and 57 % for VEGF
and 66.6 and 73 % for CA125, respectively. At 100 %
specificity for each test, the addition of VEGF to CA125
increased the sensitivity of early ovarian cancer detection
from 60 to 73.3 %.

Conclusion This study indicates that the addition of
VEGF serum value improves the specificity and the sen-
sitivity of CA125 to detect early stage epithelial ovarian
cancers, and to differentiate these neoplasms from ovarian
cyst.

Keywords Epithelial ovarian cancer - Benign ovarian
cysts - Vascular endothelial growth factor (VEGF) - CA125

Introduction

Adnexal masses are frequent clinical and imaging findings
in women of reproductive age as well as in postmenopausal
women. These masses often arise from the ovaries. In pre-
menopausal women, the vast majority of adnexal masses
are benign, particularly simple functional ovarian cyst;
however, ovarian cancers are the most important differen-
tial diagnosis, particularly in postmenopausal women [1].
Ovarian cancer accounts for approximately 4 % of all
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cancers and 5 % of cancer mortality in women. This cancer
mainly affects older population with a mean age of 63 years
old [2]. Malignant epithelial neoplasms constitute the vast
majority of ovarian cancers [3]. These neoplasms tend to
present at advanced stage, to have high mortality rate and to
be the leading cause of gynecologic cancer-related deaths
[4]. Despite advanced treatments, this neoplasm remains as
a fatal disease for majority of patients. Approximately
22,280 new cases of ovarian cancer will be diagnosed in
2012, and 15,500 deaths will occur from the disease [5].
However, in cases that are diagnosed at stage I, 5 years
survival is 90 % [6]. Through improvement in screening
and early detection, ovarian cancer survival rates will be
improved. There is an increasing interest in early ovarian
cancer detection as a potential method to reduce mortality.
Currently, there is no evidence to demonstrate sufficient and
effective screening test for ovarian cancer in the general
population. Therefore, for women with general population
risk, ovarian cancer screening is not suggested. However,
ovarian cancer screening is critical in high risk patients with
BRCA mutation having 12 to 46 % life time risk of ovarian
cancer [7]. Due to the low prevalence of ovarian cancer in
the general population, a positive predictive value (PPV) of
10 % has been suggested as a clinical cut-off point for
screening tests for ovarian cancer. Accordingly, to achieve a
PPV of 10 %, we require tests with a sensitivity of a min-
imum of 75 % and a specificity of more than 99.6 %.
Transvaginal ultrasound (TVUS) has been investigated as
screening test in ovarian cancer in the general population
and in high-risk women. The results were encouraging with
a positive predictive value of 14 % and negative predictive
value of 99.9 %. However, TVUS is expensive as an initial
screening test [8]. Circulating biomarkers are noninvasive
attractive essays and essential target for research in early
detection of ovarian cancer. CA-125 has been extensively
evaluated as tumor marker for early detection and screening
of ovarian cancer. Despite high sensitivity of this marker in
advanced stage ovarian cancer, only 50 to 60 % of patients
with stage I disease show elevated levels of this marker. In
addition, false elevated levels of CA125 are seen in non
neoplastic conditions; as well as in other benign and
malignant neoplasms [9—11]. In addition, because of
approximately 20 % of ovarian cancers display unremark-
able levels of CA125, further serum markers, particularly in
combined panel form will be required to detect all patients
in an initial phase of disease [10]. Vascular endothelial
growth factor (VEGF) is a cytokine-inducing endothelial
cell proliferation. It has an important role in regulating
tumors angiogenesis [12]. In some neoplasms, such as
ovarian cancer, VEGF has been shown to be important in
tumor progression, peritoneal metastasis and ascites [12,
13]. The present study aimed to compare the diagnostic
value of preoperative serum level of CA125 with vascular
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endothelial growth factor (VEGF) for differentiating epi-
thelial ovarian cancers from ovarian cysts.

Materials and methods

This prospective study was performed at a tertiary academic
hospital during June 2008 and November 2009. The study
was approved by the local university ethics committee and
all the patients provided written informed consent prior to
their inclusion in the study. During this time, preoperative
blood samples were collected from all women with ovarian
cystic and/or solid mass and who had scheduled for surgery.
Initial eligibility included patients who had to be aged more
than 15 years, and had an ovarian cystic or solid mass
detected by transvaginal ultrasonography at the hospital
clinic. Included patients had to have localized pelvic disease
and without clinical or imaging evidence of extrapelvic
disease, ascites and distant metastasis. Initial exclusion cri-
teria included prior history of malignancy or any type of
cancer treatment. After surgery, only patients with patho-
logic diagnosis of early stage epithelial ovarian cancer and
ovarian cyst were included. Other pathologic diagnosis
rather than epithelial cancers or ovarian cysts such as benign
and non-epithelial neoplasms were excluded. Patients with
gross residual or unresectable disease were also excluded. In
addition, patients who had no follow-up after 3 weeks or
developed wound infection were excluded from the study.
Second blood sampling was performed 3 weeks after sur-
gery from 60 consecutive eligible patients: 30 with epithelial
ovarian cancer (cancer arm) and 30 with ovarian cyst (cyst
arm). Preoperative evaluation included clinical examination,
transvaginal ultrasonography and abdominal and pelvic
computed tomography (CT) scan. Surgical management
consisted of transabdominal hysterectomy and bilateral sal-
pingo-oophorectomy (TAH + BSO) with surgical staging
for those with impression of cancer, and simple cystectomy
for those in cyst arm.

All blood samples were collected in sterile tubes, cen-
trifuged at 2,000g for 10 min, and then stored in a freezer
at —20 °C until assay. The concentrations of Serum CA125
and VEGF were determined as serum immunoreactivity
using a quantitative sandwich enzyme immunoassay tech-
nique. According to the manufacturers, the usual clinical
cut-off levels for biomarker values were defined as 35 U/
ml for CA125 and 17.6 pg/ml for VEGF; however, in this
study various sensitivity and specificity for various cut-off
values were calculated.

Statistics

To define a case as positive or negative, we initially
determined the cut-off values of each marker for resulting
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in 100 % specificity in our data set. Subsequently, any case
with levels higher than cut-off point values was considered
as positive for each marker. All statistical analyses were
performed with SPSS statistical package version 17.0
(SPSS, Chicago, IL). The Mann-Whitney test was used to
compare Serum CA125 and VEGF values in different
groups. Frequency tables were analyzed by the Chi squared
test or Fisher’s exact test. Using receiver operating char-
acteristics (ROC), the area under the curve (AUC), sensi-
tivity and specificity were determined for each biomarker
values. According to the published coefficients of variation

Table 1 Patients, tumor and biomarker characteristics in cancer and
cyst arms

for the studied parameters, a minimum of 30 patients in
each arm were required for demonstrating possible statis-
tical differences with a significance level of 5 %. All
P values were 2-tailed and P values less than 0.05 were
considered statistically significant.

Results

In all, 60 women were evaluated. All cancer patients were
of stage I (n = 21) or stage II (n = 9) disease. The mean
age of 30 patients in cancer arm was significantly higher
(51.23 vs. 28 years) than that in cyst arm (P < 0.001).
Accordingly, postmenopausal status was more frequent in
cancer arm. In cancer arm, histological types were serous

Characteristics No Cancer arm Cyst arm (n = 15), endometrioid (n = 11), mucinous (n = 2) and
Mean age (range) 60 51.2 (38-66) 28 (16-42) poorly differentiated (n = 2) type. The mean age, meno-
Menopausal status pausal status, histological types, disease stage, area under
Premenopausal 42 12 30 the ROC curve, and serum CA125 and VEGF levels among
Postmenopausal 18 18 0 cancer and cyst arms are shown in Table 1. As seen in
Preoperative CA125 Table 1, the areas under the ROC curves were significantly
<35 U/ml 31 10 21 higher for both biomarkers in cancer arm compared to cyst
<35 U/ml 29 20 9 arm. (Table 1) The mean preoperative VEGF serum level
Preoperative VEGF was significantly higher (47.84 vs. 20.49, P value < 0.001)
<17.6 pg/ml 20 3 17 in cancer arm compared to cyst arm. Similarly, the mean
>17.6 pg/ml 40 27 13 preoperative CA125 serum level was significantly higher
Histological types (143.38 vs. 28.61, P value < 0.001) in study arm than that
Serous 15 15 3 of control arm. The mean preoperative VEGF serum level
Endometrioid 1 1 3 was significantly higher (47.8 vs. 13.8, P value < 0.00)
Mucinous ) ) : than postoperative values. Similarly, the mean preoperative
Poorly differentiated ’ ’ B CAI125 serum level was significantly higher (143.4 vs. 9.2,
Stage P V'Elll}e < 0.001) than postoperative values.' A des.criptive
Stage 1 )1 )1 B statistics of serum CA125 and YEGF levels in ovarian cyst
Stage 11 9 9 ~ and cancer patients are shown in Table. 2. . .
Area under the ROC curve We per.forfne.d ROC. analysis for 111ustrf:1t10n of bio-
CALDS 60 0.809 0.191 ma.lrkers dlscrlmmatl.on in all cancer ar.m (Fig. 1), stage 1
(Fig. 2), stage II (Fig. 3), as well as in postmenopausal
VEGF 60 0-895 0-105 patients (Fig. 4). According to ROC analysis, the power to
ROC Receiver operating characteristics discriminate between cancer and cyst arms was higher for
:fa :::ufn gfglspt;:;z s\t/aEt:lcs}tl;cs Biomarker Sample Number Minimum Maximum Mean SD
gzig ovarian cyst and cancer  p104 Ovarian cyst 30 0 104 28.61 272
Ovarian cancer
Stage 1 21 3 259 119.42 88.70
Stage 11 9 18 584 199.22 183.87
Stage I-11 30 3 584 143.36 127.03
VEGF Ovarian cyst 30 0 48 12.5 12.19
Ovarian cancer
Stage 1 21 0 93 39.80 23.93
Stage II 9 11 154 66.55 47.30
Stage I-I1 30 0 154 47.83 34.17

SD Standard deviation
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Fig. 1 ROC analysis of VEGF and CA125 biomarkers. ROC curves
of ovarian cancer and cyst patients at all stages
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Fig. 2 ROC analysis of VEGF and CA125 biomarkers. ROC curves
of ovarian cancer and cyst patients at stage I

VEGEF in all cancer stages (AUC for VEGF was 0.895 vs.
0.809 for CA125) (Fig. 3).

In addition, through linear regression analysis, we found
a low determination coefficient between the VEGF and
CA125 values in all the study population [* = 0.2410
(r = 0.49)].

To investigate the value of preoperative CA125 and
VEGF levels in detecting ovarian cancer, we calculated
sensitivity and specificity of each biomarker alone and the
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Fig. 3 ROC analysis of VEGF and CA125 biomarkers. ROC curves
of ovarian cancer and cyst patients at stage II
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Fig. 4 ROC analysis of VEGF and CA125 biomarkers. ROC curves
of ovarian cancer and cyst in postmenopausal patients

combination of both biomarkers for various cut-off values.
At cut-off levels of 17.6 pg/ml for VEGF and 35 U/ml for
CA125, the sensitivity and specificity for detecting early
stage epithelial ovary cancer were 90 and 57 % for VEGF
and 66.6 and 73 % for CA12S5, respectively. At 100 %
specificity for each test, the addition of VEGF to CA125
increased the sensitivity of early ovarian cancer detection
from 60 to 73.3 %. In addition, by lowering the specificity
of VEGF to 96.7 %, while keeping the same CA125
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Table 3 Sensitivity of the biomarkers at 100 % specificity

Biomarker Cut-off level Specificity (%) Sensitivity
Stage 1 (%) Stage II (%) Stage I and II (%)
CA125 105.5 U/ml 100 57.1 66.7 60
VEGF 50 pg/ml 100 333 55.6 40
Combined CA125 4+ VEGF 100 70 88.9 73.3
CA125 85 U/ml 96.7 57.1 66.7 60
VEGF 28.5 pg/ml 96.7 61.9 778 66.7
Combined CA125 4+ VEGF 96.7 76.2 88.9 80
cut-off, the sensitivity increased to 80 % for stage I/II. T
Table 3 shows the sensitivities of each biomarker and their e |
combination for the different cancer stages at 100 %
specificity. In a scatterplot in Fig. 5, the 100 % specificity i
cut-off values for VEGF and CA125 are shown in all study L i :
population. . i
% 100 4— . 1 - A

Discussion g ‘

A, | :
Currently, early detection and screening is the most 50 - il) "4
effective approach for improving survival in patients with A : ana® |
epithelial ovarian cancer. These neoplasms mainly present ES:% . o 5
as asymptomatic or symptomatic adnexal masses [6]. O-W f
Ovarian cysts are among the most common benign adnexal : ” olo 0 P 00 . sém
masses mimicking the signs and the symptoms of ovarian CA125 Ulml
cancer. Imaging studies were investigated as diagnostic R
tools for differentiating adnexal masses [1]. In a systematic O Cyst === Cutoff CA125

review, color Doppler ultrasonography was found as a
useful predicting test for preoperative diagnosis of pelvic
masses, with a sensitivity of 87 % and a specificity of 92 %
[14]. Transvaginal ultrasonography is another imaging
modality frequently used as diagnostic method to evaluate
pelvic organs including. However, this method lacks suf-
ficient sensitivity and specificity for early detection ovarian
tumors. In addition, these imaging modalities are expen-
sive, operator dependent and mainly tend to depend on the
size rather than the nature of ovarian mass [8].
Biomarkers are non-invasive potential useful diagnostic
and screening tests in ovarian cancer, particularly in
asymptomatic early stage lesions. To date, over 200
potential biomarkers have been identified for ovarian can-
cer; however, a golden standard biomarker or optimal
combined screening test has not yet been established [15].
Measurement of CAI125 and other serologic markers,
vaginal ultrasonography, and combinations of these
modalities may be useful for screening and early detection
in epithelial ovarian cancer. CA125 is a glycoprotein bio-
marker that is usually expressed by serous ovarian tumors,
some mucinous papillary tumors and less frequently in
other histological types. This biomarker is well correlated

Fig. 5 Scatterplot of VEGF and CA125 serum values at a 100 %
specificity cut-off value for each biomarker

with disease stage and bulk of the tumor. The CA125 alone
is not sufficiently sensitive or specific to be diagnostic for
epithelial ovarian cancer. This biomarker is increased in
80 % of patients with advanced disease, but many patients
with epithelial ovarian cancer, particularly in 50 % of early
stage disease do not show elevated levels of the marker.
Therefore, it is not a cost-effective screen test for asymp-
tomatic patients [9-11].

Despite extensive studies in the past two decades in
ovarian cancer screen, recent statistics advocate that more
investigations are required to the discovery of novel
ovarian cancer biomarkers [15]. A variety of serum bio-
markers such as Human Epididymis Protein 4 (HE4) have
been investigated and combined to CA125 for providing
higher sensitivity and specificity than CA 125 alone [9, 16].

Angiogenesis is an essential step for the tumor growth.
Vascular endothelial growth factor (VEGF) is one of the
most important angiogenesis stimulators and plays a criti-
cal role in the neovascularization of human tumors. VEGF
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is overexpressed in many malignant neoplasms. There is a
correlation between serum VEGF level and disease stage
and primary tumor size.

VEGEF consists of five subtypes and they promote tumor
growth and angiogenesis via receptors on endothelial cells
[13]. VEGF is excreted via kidney and urinary levels have
been shown to be more in cancerous patients than in
healthy people. This cytokine is found in effusion fluids in
malignant diseases and also in benign situations such as
wound healing fluids. VEGF increases in serum and plasma
in cancer patients [17]. There are very limited studies
investigating the diagnostic impact of VEGF serum level in
screening and early detection of ovarian cancer. The results
of these studies are uniformly consistent with our study
results and show a significant higher concentration of
VEGEF serum levels in ovarian cancer patients compared to
benign ovarian and healthy control cases [2, 18-21].
Demirkiran et al. in a study measured VEGF in benign
ovary cysts and malignant ovary tumors. VEGF was sig-
nificantly higher in malignant lesions. The serum level was
also higher in cancer group (0.72 &+ 0.17 ng/ml) in
malignant lesions compared with benign cysts (0.33 £
0.11 ng/ml, P < 0.001). In their study, tumor grade had no
relation with VEGF levels [2]. In another study, VEGF
level correlated with operation success. After operation the
decrease in VEGF level was in relation with the presence
of residual disease [19]. Candido Dos Reis et al. in a
similar study investigated the value of VEGF serum and
cyst level concentrations in differentiation of benign and
malignant ovarian tumors. They found significantly higher
levels of VEGF in serum and cyst fluid for malignant and
borderline tumors compared with benign cysts [20]. Like-
wise, Cooper et al. assessed the clinical significance of
VEGF serum levels in differentiation of patients with
benign adnexal masses from those with ovarian cancer.
They found a significant higher mean preoperative VEGF
serum level in cancer patients compared to patients with
benign adnexal masses [21].

In the present study, we investigated the potential use of
VEGF serum values as a diagnostic test for early stage
ovarian cancer and its combination with CA125 serum
values as a screening approach with higher sensitivity to
differentiate ovarian cancer from ovarian cyst. We found
VEGF serum levels were significantly higher in patients
with early stage ovarian cancer compared to those with
ovarian cyst; as well as to postoperative cancer patients. In
this study, by considering a 100 % specificity for each test,
we eliminated any false positive results among women
with ovarian cyst to achieve a combined screening test for
detecting about third-fourth of patients with early epithelial
ovarian cancer.

These results confirm our hypothesis that VEGF serum
value is a useful diagnostic test for detection of early stage
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ovarian cancer. This test enhances the sensitivity and
specificity of CA125 for screening early stage epithelial
ovarian cancer and differentiating these neoplasms with
ovarian cyst. However, the small sample size of 30 patients
in each arm and the lack of healthy aged-matched control
arm limit the power of our study.

Further large-scale studies are warranted to further
examine the accuracy of VEGF alone and in combination
with CA125 or others biomarker for early detection and
screening of ovarian cancer.

Conclusion

This study indicates that VEGF serum value is a potential
useful biomarker in epithelial ovarian cancer. It has a
higher sensitivity compared to CA125 in early stage
ovarian cancer. The addition of VEGF serum value
improves the specificity and the sensitivity of CA125 to
detect early stage epithelial ovarian cancers, and to dif-
ferentiate these neoplasms from ovarian cyst.
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