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Abstract

Objective To evaluate the role of serum level of VEGF-A

in comparison to CA-125 in diagnosis and follow-up of

patients with advanced endometriosis after conservative

laparoscopic surgery.

Methods A prospective randomized case–control study

was performed on patients referred for laparoscopy com-

plaining of unexplained primary infertility with or with-

out chronic pelvic pain. Thirty patients with advanced

endometriosis; stage III–IV were included (study group),

another 30 women without endometriosis or any other

medical conditions were settled as a control group. Pre-

operative blood samples were collected from study and

control cases. Post-operative blood samples were collected

from 25 treated patients in the follicular phase of the third

menstrual cycle; 5 cases were drop-outs. Serum level of

cancer antigen-125 (CA-125) and vascular endothelial

growth factor (VEGF-A) were assayed by using enzyme

linked immunosorbent assay (ELISA) kit.

Results There was a statistically significant difference in

serum CA-125 and VEGF-A level in patients with

advanced endometriosis before conservative laparoscopic

surgery and those without endometriosis (p \ 0.001) and

after conservative laparoscopic surgery (p \ 0.001). High

sensitivity (93.3 %), specificity (96.7 %) and accuracy

(95.0 %) of VEGF-A assay than in CA-125 distinguishing

between patients with endometriosis from those without

endometriosis; CA-125 has 70.0 %sensitivity, 90.0 %

specificity and 85.0 % accuracy. Percentage of decrease of

VEGF-A level after operation was higher than that of CA-

125 (45.9 vs. 25.8 %) p \ 0.001, respectively.

Conclusion The use of VEGF-A for diagnosis of

advanced endometriosis at cut-off 680 pg/ml and for fol-

low-up is better than CA-125.
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Laparoscopy

Introduction

Endometriosis is a benign gynecologic disease defined as

the presence of functional endometrial glands and stroma

outside the uterine cavity, causing dysmenorrhea, dyspa-

reunia, menstrual irregularities, and infertility [1]. Its

general prevalence among all women of reproductive age is

estimated to range between 3 and 10 % [2]. It can be

classified into four stages: minimal, mild, moderate, and

severe [3]. More advanced endometriosis can be deeply

invasive or can present as ovarian endometriotic cysts [4].

The stage of endometriosis is positively correlated with the

degree of sub-fertility, but not as clearly as with the degree

of pelvic pain [5]. The gold standard for the diagnosis of

endometriosis is laparoscopic inspection, ideally combined

with histological confirmation [6].

The broad spectrum of clinical presentations of endo-

metriosis has led to a wide variety of surgical and medical

treatment options. The efficacy of medical and surgical

treatment of endometriosis-associated infertility and pelvic

pain is a source of ongoing controversy [7, 8].

One of the diagnostic markers already well established

is cancer antigen-125 (CA-125), a high molecular weight
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glycoprotein ([20,000 Da) of epithelial origin that has

been detected in normal and neoplastic epithelium of

celomic origin such as endometrium, endocervix, epithelial

cells of fallopian tubes and cancerous epithelial cells of the

ovary [9, 10]. The first study of this marker in patients with

endometriosis detected elevated serum levels [11].

Angiogenesis is a biological process through which new

blood vessels develop from the endothelium of a preex-

isting vasculature and is likely involved in the pathogenesis

of endometriosis [12]. Angiogenesis is induced by various

peptide growth factors, including vascular endothelial

growth factor (VEGF), basic fibroblast growth factor, and

thymidine phosphorylase [13, 14].

VEGF is the most prominent and most studied pro-

angiogenic factor in endometriosis and it is widely believed

that VEGF is the main stimulus for angiogenesis and

increased vessel permeability in this disease [15]. VEGF-A

belongs to a family of dimeric glycoproteins such as

VEGF-B, -C, -D, -E and placental growth factor (PlGF).

VEGF-A production is stimulated by cytokines, hormones,

growth factors and hypoxia. One study observed that

patients with endometriosis compared with healthy women

had higher VEGF serum levels in the secretory phases and

higher levels close to statistical significance in the prolif-

erative phases, suggesting a role for angiogenesis in the

pathogenesis of endometriosis [16], and it is proposed that

the inhibition of VEGF may be an attractive novel thera-

peutic approach for the treatment of endometriosis [17].

VEGF-A exerts its biologic effects by binding to VEGF

receptors 1 and 2 (VEGFR-1 and VEGFR-2). These two

tyrosine kinase receptors also exist in soluble forms,

sVEGFR-1 and -2, which can be quantified in body fluids

such as peritoneal fluid and blood [18]. The soluble

receptors are thought to act as negative regulators of VEGF

availability for endothelial cells [19], thereby reducing

angiogenic activity. Some studies have shown elevated

levels of VEGF in the serum and peritoneal fluid of patients

with endometriosis but they used specific control groups

[20]. In this study we aimed to evaluate the role of serum

level of VEGF-A in comparison to CA-125 in diagnosis

and detection of recurrence of patients, with advanced

endometriosis after conservative laparoscopic surgery.

Patients and methods

This prospective randomized case–control study was con-

ducted from April 2008 to August 2010 at Cytogenetic and

Endoscopy Unit, Obstetrics and Gynecology Department,

Zagazig University Hospitals, Egypt. Informed written

consent was taken from each participant before enrollment

in the study and the study protocol was approved by the

local ethics and research committee.

Patients

Patients were selected from those referred for laparoscopy

complaining of unexplained primary infertility with/with-

out chronic pelvic pain. Endometriosis was diagnosed

during the laparoscopic procedure according to the mor-

phological criteria [21] and confirmed by histopathological

examination. The disease was staged according to the

revised American Society for Reproductive Medicine

(ASRM) classification [3]. Laproscopy was performed in

the follicular phase of the cycle. Thirty patients with

advanced endometriosis stage III–IV were included (study

group); another 30 women without endometriosis or any

other medical conditions were settled as a control group. All

women enrolled in the study fulfilled the following inclu-

sion criteria: (1) regular menses (defined by the presence of

cycles lasting between 28 and 35 days in the previous year,

with 2–7 days of flow) and (2) in the follicular phase of the

cycle at the time of surgery. Exclusion criteria were: (1)

hormonal treatment received 3 months prior to surgery, (2)

history of ovarian cancer, (3) signs of ovarian failure, (4)

patients with pelvic inflammatory disease or other gyne-

cological pathologies, (5) previous pelvic surgery, (6) obese

patients; BMI C 30 kg/m2 and (7) smokers.

Methods

Collection of samples

Blood (serum) samples were collected in the morning

before surgery from referred cases with unexplained pri-

mary infertility. Laparoscopy was done and all recogniz-

able endometriotic lesions were treated by bipolar

coagulation, resection of endometriotic nodules and ovar-

ian cystectomy. Pre-operative blood samples were pre-

served for 30 patients with advanced endometriosis and 30

patients without endometriosis. Post-operatively, in the

follicular phase of the third menstrual cycle, blood samples

were collected from 25 treated patients; 5 cases were drop-

outs. Five ml of venous blood was withdrawn into non-

heparinised tubes. After keeping at room temperature for

30 min, blood samples were centrifuged for 15 min at

3000 rpm. Serum was obtained, aliquots were made and

stored at -70 �C until assayed for VEGF and CA 125.

VEGF was measured by Human VEGF Quantikine ELISA

Kit (DVE00, R&D Systems, Minneapolis, MN) and CA

125 levels were measured by using ELISA kit for Can-Ag

CA125 (Fujirebio Diagnostics, Inc., Goteborg, Sweden)

and the expected value of this marker was 5.06–47.9 U/ml.

These assays were analyzed according to manufacturer’s

instructions.

The statistical analysis was performed using SPSS ver-

sion 14 (SPSS, Chicago, IL, USA). Qualitative data were
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expressed as numbers and percentages and compared using

the v2 or fisher exact test when appropriate. Nonparametric

quantitative data such as CA-125 and VEGF-A levels were

expressed as mean ± SD and median and were compared

using Mann–Whitney U test. Paired T-test was used for

comparison of their levels before and after operation.

Validation of tests were performed. p \ 0.05 was consid-

ered statistically significant.

Results

Initially 30 patients with laproscopically proved advanced

endometriosis were included as a study group, 5 patients

lost follow up after conservative laproscopic surgery and

were excluded from the study, another 30 women without

endometriosis served as a control group. There was no

statistically significant difference regarding age, symptoms,

dysmenorrhea and history of acute pelvic infection

between patients with advanced endometriosis and those

without endometriosis. However, chronic pelvic pain was

significantly higher in patients with advanced endometri-

osis than in those without endometriosis (p \ 0.5)

(Table 1).

Table 2 shows that there is a statistically significant

difference in serum CA 125 level in patients with advanced

endometriosis before laparoscopic conservative surgery

and those without endometriosis [36.4 ± 14.2 vs.

12.6 ± 6.1] (p \ 0.001) and after conservative laparo-

scopic surgery [27.0 ± 4.8 vs. 12.6 ± 6.1] (p \ 0.001).

Also, there was a statistically significant difference in

serum VEGF level in patients with advanced endometriosis

before laparoscopic conservative surgery and those without

endometriosis[735.1 ± 100.6 vs. 97.1 ± 12.1] (p \ 0.001)

and after conservative laparoscopic surgery [397.7 ± 55.0

vs. 97.1 ± 12.1] (p \ 0.001) (Table 3). Percentage of

decrease of VEGF level after operation showed a highly

significant difference than that for CA-125 (45.9 vs

25.8 %) for the former and the later respectively (Table 3).

Table 4 shows the sensitivity and specificity and accu-

racy of CA-125 and VEGF-A for diagnosis of patients with

advanced endometriosis (70, 90, 85.0 %) for the first and

(93.3, 96.7, 95.0 %) for the second.

Discussion

The diagnosis of endometriosis is difficult and delayed

because of the non-specific symptoms, late presentation

and the use of laparoscopy, which is limited by available

funding, the surgeon’s experience and its invasive nature.

This may result in social and/or work-related problems for

the patient, in addition to increased anxiety and fear of

having a more serious condition [22].

Table 1 Demographic and clinical data of patients with and without

endometriosis

Women with

advanced

endometriosis

(n = 30)

Women

without

endometriosis

(n = 30)

p value

Age

18–30 years 16 13 0.43

31–40 years 14 17

Symptoms

Chronic pelvic pain 30 2 0.03

Dysmenorrhea 26 9 0.15

History of acute pelvic

infection

7 5 0.51

p \ 0.05 is statistically non-significant

Table 2 Serum CA 125 (lg/ml) levels of patients with and without

endometriosis before and after conservative laparoscopic surgery

Women with advanced

endometriosis

Women without

endometriosis (n = 30)

Before

surgery

(n = 30)

After

surgery

(n = 25)

Mean ± SD 36.4 ± 14.2 27.0 ± 4.8a,c 12.6 ± 6.1b

Median 40.7 25.0 10.3

Range 11–53.2 19.75–35 7.88–35.1

a p \ 0.001 on comparing CA 125 (lg/ml) before and after conser-

vative laparoscopic surgery
b p \ 0.001 on comparing CA 125 (lg/ml) before laparoscopic

conservative surgery and women without endometriosis
c Post-operative serum CA 125 level decreased by 25.8 %

Table 3 Serum VEGF (pg/ml) levels of patients with and without

endometriosis before and after conservative laparoscopic surgery

Women with advanced

endometriosis

Women without

endometriosis

(n = 30)
Before surgery

(n = 30)

After surgery

(n = 25)

VEGF-A (pg/ml)

Mean ± SD 735.1 ± 100.6 397.7 ± 55.0a,c 97.1 ± 12.1b

Median 722.0 400.0 98.0

Range 500.0–900.73 300.13–500.6 60.65–111.32

a p \ 0.001 on comparing VEGF (pg/ml) before and after conser-

vative laparoscopic surgery
b p \ 0.001 on comparing VEGF (pg/ml) before laparoscopic con-

servative surgery and women without endometriosis
c Post-operative serum VEGF level decreased by 45.9 %
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Moreover, two-thirds of women who undergo laparos-

copy for pelvic pain or infertility will be subjected to the

potential risks as well as the cost associated with this

procedure without actually having endometriosis [23].

The development of a simple blood test as a marker for

screening of endometriosis would reduce the number of

unnecessary interventions and would therefore be very

useful [24]. The quest to develop a diagnostic test of

endometriosis has mostly concentrated on the levels of CA-

125 and cytokines [25]. However, none of them showed

both high sensitivity and specificity in the diagnosis and

follow-up of endometriosis. Hence, in this study we aimed

to evaluate the role of serum level of VEGF-A in com-

parison to CA-125 in diagnosis and follow up of patients

with advanced endometriosis after conservative laparo-

scopic surgery.

Our study showed that there was a statistically signifi-

cant difference in serum CA-125 level in patients with

advanced endometriosis before laparoscopic conservative

surgery and those without endometriosis (p \ 0.001).

Our observation of a correlation between raised CA-125

levels and endometriosis runs in agreement with previous

studies [26–28]. Moreover, others have indicated that CA-

125 may be more accurate at diagnosing women with later

stages of disease [29–31]. The elevation of this marker in

women with endometriosis is due to its higher concentra-

tion in ectopic than in entopic endometrium. Moreover, it

may be due to inflammatory reactions, which alter endo-

thelial permeability, thereby allowing the marker to reach

the circulation [32].

In this study, we observed that preoperative serum

VEGF-A level in patients with advanced endometriosis

was significantly higher than those without endometriosis

(p \ 0.001).

Our finding runs in agreement with previous studies in

which advanced endometriosis was associated with high

level of VEGF-A in the serum [33] and peritoneal fluid

[34] compared with healthy control.

Increase of VEGF may be due to immune system

alterations that play an important role in the development

of endometriosis. Locally, there is an immunoinflammatory

reaction within the peritoneal cavity of endometriosis

patients in which activated immune cells, together with

endometriotic implants, produce high amounts of cyto-

kines, growth factors, and angiogenic substances [35].

Moreover, as known, endometriosis is an estrogen-driven

disease. Estradiol is found in high concentrations in en-

dometriotic lesions [36]. Estrogen is a potent stimulus of

angiogenesis through a direct increase of VEGF expression

[37].

In addition, the extent of endometriosis and the mitotic

activity in the lesion seems to be reflected by the levels of

angiogenic growth factors in serum and peritoneal fluid

compared with healthy women [17, 38]. Also, various

polymorphisms in the VEGF gene have been associated

with an increased risk of endometriosis [39, 40].

In contrast, other studies found no significant differences

in serum levels of VEGF between women with and without

endometriosis and concluded that diagnosis of endometri-

osis by laboratory testing of VEGF is not possible [41].

However, the fact that our patients had advanced

endometriosis could explain the significant difference

observed in the present study in contrast to previous study.

On comparing the validity of using either VEGF-A or

CA-125 in diagnosis of patients with advanced endome-

triosis, we found a higher sensitivity, specificity and

accuracy of VEGF-A assay than CA-125 in distinguishing

between patients with endometriosis from those without

endometriosis; [93.3, 96.7, and 95.0 %] versus [70.0, 90.0

and 85.0 %] for the former and the latter, respectively at a

cut-off 680 pg/ml for VEGF-A and 35 lg/ml for CA-125.

The low specificity (90.0 %) of CA-125 in diagnosis of

endometriosis by finding that 10 % of patients without

endometriosis has high CA-125 serum level may be due to

subclinical pelvic infection.

In addition, the low sensitivity (70.0 %) of CA-125 by

finding that 30 % in patients with endometriosis has a

normal CA-125 serum level could be explained by super-

ficial location of endometriotic lesions.

We found that after conservative laparoscopic surgery,

serum levels of both CA-125 and VEGF-A showed a sta-

tistically significant decrease, However, there was a highly

significant decrease in VEGF-A level (45.9 %) compared

to that of CA-125 (25.8 %).

This was in agreement with Bourlev et al. who found

that surgical removal of endometriotic lesions resulted in

decreased serum levels of pro-angiogenic VEGF-A [17].

So, we conclude that the use of VEGF-A for diagnosis

of advanced endometriosis at a cut-off 680 pg/ml is better

than CA-125. The addition of vascular endothelial growth

factor (VEGF) to the diagnostic tool in cases with sus-

pected widespread endometriosis might contribute to the

Table 4 Validity of VEGF-A

and CA-125 for diagnosis of

advanced endometrosis

Cut-off Sensitivity Specificity Predictive value Accuracy

Positive Negative

VEGF-A 680 pg/ml 93.3 % 96.7 % 96.6 % 93.5 % 95.0 %

CA-125 35 lg/ml 70.0 % 83.3 % 87.5 % 75.0 % 85.0 %
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accuracy of the diagnosis, sparing intensive endoscopic

search for disseminated foci. It could also be used for the

follow-up of those patients after conservative surgery.

The presence of VEGF inhibitors like soluble truncated

receptor (sFlt-1) with affinity-purified antibody against

VEGF is recommended in the treatment of endometriosis.
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