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Abstract: Breast cancer is the most commonly diagnosed cancer among women, and the second leading cause of 
cancer deaths. The study aimed to determine the usefulness of measuring serum level of VEGF together with CA15-3 in 
discriminating benign from breast cancer lesion and to find out a relationship between their levels and disease 
aggressiveness. Ninety female patients were included in this study, 70 with malignant breast cancer (35 with early 
cancer & 35 with advanced cancer) and 20 cases with benign lesions as control. Serum VEGF and CA15-3 were 
measured by ELISA. Levels of serum VEGF and CA15-3 were found to be significantly higher in malignant groups 
than benign group. Regarding malignant cases there was a high significant correlation between early and advanced 
cases and between serum CA15-3 and serum VEGF. On correlating the level of serum VEGF and CA15-3 with the 
clinico- pathological data of malignant group, a significant correlation was found with age, size of tumor and 
metastasis, but no significant correlation with other factors. A significant correlation was found between fixation to 
chest wall and bilateral primaries with CA15-3 but not with VEGF. Conclusively, it could be suggested that both VEGF 
and CA15-3 might be measured together as diagnostic and prognostic indicators in breast cancer.  
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1. Introduction 

Breast cancer is the most common cancer among 
women in Arab countries; it constitutes 13-35% of all 
female cancers (Khalil  et al., 2007).  

 Angiogenesis is a process characterized by new 
blood vessels formation from pre-existing vessels that's 
play an important role in process of tumor growth, 
invasion, and metastatic dissemination (Boneberg et 
al., 2009). Angiogenesis is mediated by several growth 
factors , one of them is the vascular endothelial growth 
factor (VEGF). The VEGF family is composed of 
VEGF-A (often referred to as VEGF), VEGF-B, 
VEGF-C, VEGF-D and placental growth factor 
(Marianne et al., 2009). 

VEGF is a homodimeric glycoprotein growth 
factor which acts on vascular endothelial cells via 
endothelium specific receptor tyrosine kinases to 
produce a variety of responses including increased 
proliferation, migration, and vascular permeability 
partially through stimulation of nitric oxide synthase 
enzyme in endothelial cells (Roy et al., 2006). VEGF 
over-expression has been detected in many human 
malignant tumors, including breast carcinomas. VEGF 
expression is significantly associated with high intra-
tumoral microvessel density (David et al., 2003).  

Inhibiting tumor angiogenesis is a promising 
strategy for treatment of cancer and has been 
successfully transferred from preclinical to clinical 
application in recent years. Whereas conventional 
therapeutic approaches as chemotherapy and radiation, 

are focusing on tumor cells, antiangiogenic therapy is 
directed against the tumor supplying blood vessels 
(Eichhorn et al., 2007). Inhibitors of VEGF receptor 
tyrosine kinases and their downstream effects are 
attractive anti-angiogenic agents, which could 
potentially inhibit endothelial cells activation, 
proliferation, and invasion (Jain et al., 2009).  

 Cancer antigen;CA15-3 is a glycoprotein 
encoded by the MUC 1 gene that are heterogeneously 
expressed on the apical surface of normal epithelial cell 
types, including those of the breast (Nicolini et al., 
2006). Elevated CA15-3 is used to anticipate detection 
of recurrences in patients with breast cancer, and as an 
additional tool in evaluating therapeutic response of 
advanced disease. CA15-3 measurement during follow-
up has been shown to predict liver and bone metastases 
(Keshaviah et al., 2007).  

Aim of study: To determine the usefulness of 
measuring serum level of VEGF together with CA15-3 
in discriminating benign from breast cancer lesion, and 
to find out a relationship between their levels and 
disease aggressiveness. 

 
2. Material and methods 

The study included 90 female patients with breast 
masses from the National Cancer Institute in Cairo. 
They were classified into 3 groups: early breast cancer 
(35 patients), advanced breast cancer (35 patients), and 
benign control (20 patients). All groups were subjected 
to full history, full clinical examination, 
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histopathological examination of tissue biopsy for 
estrogen and progesterone receptor determination by 
immunohistochemistry.  

Estimation of serum VEGF and CA15-3 by 
ELISA technique were done using kits purchased from 
Ray Biotech. and Nova tech. respectively. 
 
Statistical Analysis:  

Data was analyzed by Microsoft Office 2003 
(excel) and Statistical Package for Social Science 
(SPSS) version 16. Parametric data was expressed as 
mean ± SD, and non parametric data was expressed as 

number and percentage of the total. 
 
3. Results 

Statistical analysis of serum levels of VEGF and 
CA15-3 revealed a high statistically significant 
difference (P=0.0001) between malignant and benign 
cases (Table 1).  

On correlating the levels of serum VEGF and 
serum CA15-3 with Group I (early breast cancer 
group) and group Π (advanced breast cancer group) 
there was statistically high significant correlation (P 
=0.0001) between both groups (Table 2, Figs. 1&2).  

Regarding malignant cases there was a high 
statistically significant correlation between serum 
CA15-3 and serum VEGF (Fig.3). 

Table (3) represents the clinicopathological data 
of the malignant groups.  

On correlating the levels of serum VEGF and 
CA15-3 with clinico- pathological factors of malignant 
groups a significant correlation (P <0.05) was found 
with age, size of tumor and metastasis, but no 
correlation with ER, PR, multiple primers, 
inflammatory cancer, Peaud` orange, fungation 
/ulceration, edema, capsular rupture and major 
intraduct component. A significant correlation (P 
<0.05) was found between fixation to chest wall and 
bilateral primaries with CA15-3 but not with VEGF 
(Table 4). 

Receiving Operating characteristic Curve (ROC 
curve) was done to detect the best cut off value which 
maximizes the discrimination between malignant and 
benign cases. One hundred twenty was the best cut off 
value of serum VEGF, the predictivity of serum VEGF 
was about 85%, the sensitivity was 95.71% and the 
specificity was 45.00%. For serum CA15-3, 30 was the 
best cut off value. The predictivity of serum CA15-3 
was about 100%, the sensitivity was 52.86% and the 
specificity was 100% (Table 5). 

 Positive rate of serum VEGF was 67/70 denoting 
95.7% in malignant cases, and 11/20 denoting 55% in 
benign cases with high statistically significant 
difference between them (P =0.0001). Positive rate of 
serum CA15-3 was 37/70 denoting 52.8% in malignant 
cases, and 0/20 denoting 0% in benign cases with high 

statistically significant difference between them (P 
=0.0001) (Table 6).  
 
Table (1): Serum VEGF and CA15-3 in benign and 
malignant groups. 

  CA15-3(U/l) VEGF(pg/ml) 
Malignant Mean±SD 103.21±92.41 496.31± 309.09 

Benign Mean±SD 11.85±6.33 173.39±165.64 
 P value 0.0001 0.0001 

 
Table (2):Serum VEGF and CA 15-3 in early and 

advanced breast cancer groups. 
  CA15-3(U/l) VEGF(pg/ml) 

Early Mean±SD 18.81±8.04 286.47±104.74 
Advanced Mean±SD 187.61±50.99 706.14±303.75 

 P value 0.0001 0.0001 

 
Table (3): Clinicopathological data of malignant group 
Clinicopathological 

factors 
 Number Percent 

% 
Histological types IDC(intraduct 

carcinoma) 
Others 

54 
 

16 

77.14 
 

22.86 
Stage І 

П 
Ш a 
Ш Ь 
ІV 

3 
27 
5 
19 
16 

4.28 
38.57 
7.14 
27.14 
22.86 

Grade І 
П 
Ш 

6 
51 
13 

8.57 
72.86 
18.57 

Metastasis O (negative) 
B (bone) 
L (lung) 
Ov (ovary) 
V (liver) 

54 
7 
4 
1 
4 

77.14 
10 

5.71 
1.43 
5.71 

ER 
PR 

 52 
48 

74.29 
68.57 

Lymph nodes O(negative) 
A 
AC 
AF 
AFCI 
AFS 
AS 
ASI 

14 
28 
4 
13 
1 
2 
1 
7 

20 
40 

5.71 
18.57 
1.43 
2.86 
1.43 
10 

multiple primaries - 14 20 

bilateral primaries - 2 2.86 

peaud orange  6 8.57 

Fungation/ulceration  5 7.14 

fixation to chest 
wall 

 11 15.71 

Oedema  8 11.43 

capsular rupture  30 42.86 

Major intraduct 
component present 

 2 2.86 
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Table (4): Relation of serum VEGF, CA15-3 and 
clinical pathological factors in malignants 

VEGF CA15-3 Parameter 

Mean±SD Mean±SD 

533.32±336.51  91.79±85.87 PR positive 

446.96±265.74  118.43±99.92 PR negative 

P =0.234 P=0.24635332 

520.66±322.23  90.77±85.96 ER positive 

452.47±284.94  125.59±100.95 ER negative 

P =0.364 P =0.15257528 

521.68±216.24  70.47±76.26 Multiple primaries positive 

394.81±324.85 111.39±94.86 Multiple primaries negative 

P =0.089 P =0.10105931 

502.28±65.76 14.22±10.02 Bilateral primaries positive 

293.1±311.54  105.82±92.46 Bilateral primaries negative 

P =0.045 P =0.000002 

766.28±593.96  142.08±81.01 Inflammatory cancer positive 

475.54±273.53  100.22±93.11 Inflammatory cancer negative 

P =0.336 P =0.32254173 

449.03±192.25 111.09±102.3 Peaud' Orange positive 

500.74±318.54  102.47±92.28 Peaud' Orange negative 

P =0.573 
 

P =0.84898528  

520.59±251.09 134.18±74.87 Fungation/Ulceration positive 

494.44±314.66 100.82±93.68 Fungation/Ulceration negative 

P =0.834  P =0.38966004  

634.83±238.87 166.97±35.84 Fixation to Chest Wall positive 

470.48±315.44 91.32±94.99 Fixation to Chest Wall negative 

P =0.063  P =0.000039  

714.92±467.58 145.44±67.00 Oedema positive 

468.10±275.5 97.76 ±94.23 Oedema negative 

P =0.184  P =0.09996188  

513.88±264.89 111.21±90.81 Capsular Rupture positive  

483.13±341.23 97.21±94.29 Capsular Rupture negative 

P =0.673  P =0.53226449  

289.45±161.93 114.05±100.90 Major Intraduct Component 
positive 

515.70±313.21 102.19±92.37 Major Intraduct Component 
negative 

P =0.163  P =0.79112656  

669.22±264.65 195.66±64.89 Metastasis positive 

445.07304.72 75.8181.13 Metastasis negative 

P =0.008  P =0.000001  

475.49±299.34 95.29±92.4 IDC 

566.56±340.66 129.91 ±90.15 Others 

P =0.345  P =0.19184922  

47.37±12.74 47.37±12.74 Age 

   P =0.0001 P =0.0001  

3.54±1.94 3.54±1.94 Size of tumors 
P =0.0025 P =0.0025  

A= axillary, F=fixed, S=supraclavicularm, 
C=contralateral, I=internal mammary 
 

Table(5): Sensitivity and specificity of serum VEGF 
and CA 15-3 in prediction of breast cancer. 

 Cut off 
value 

sensitivity specificity 

VEGF 120 pg 
/ml 

95.71% 45.00% 

CA15-3 30 unit 
/ml 

52.86% 100.00% 

 
Table (6): Positivity rate of serum VEGF and CA15-3 

in benign and malignant groups. 
 Benign 

No% 
Malignant 

No% 
PPV NPV 

VEGF 11/20 
55% 

67/70 95.7% 85.90 75.00 

CA15-3 0/20 0% 37/70 52.8% 100.00 37.74 
PPV: Positive predictive value 
NPV: negative predictive value 

 

 
Fig.(1): Mean VEGF(pg /ml) in early cancer (group I) 

and advanced cancer (group II). 

Fig.(2): Mean CA15-3(U/l) and both early and 
advanced cancer groups. 

 
Fig.(3): Correlation between CA15-3(U/l) and 

VEGF(pg/ml) 
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Discussion 
Breast cancer is the main leading cause of death 

in women. Angiogenesis plays a significant role in 
cancer by providing increased blood supply to the 
affected tissues and thus bringing in growth factors, 
cytokines, and various nutrients for tumor growth. 
VEGF is the prominent angiogenic agent that is 
markedly induced in cancer (Ray et al., 2011). 

In this study, the level of serum VEGF was found 
to be significantly higher (P<0.05) in malignant groups 
than in benign group. This finding was in accordance 
with the result of Kirwan et al., (2009) who suggested 
that VEGF was the major angiogenic factor in breast 
carcinoma and the most important cytokine involved in 
tumor spread and disease progression. Bluff et al., 
(2009) suggested that angiogenesis is initiated at the 
start of hyperplasia, with further increases and 
morphological evidence of atypia. They found that 
VEGF was highly increased predicting poor survival 
and poor clinical response to chemotherapy.Derya et 
al.(2008) found that VEGF level was not a diagnosti 
diagnostic tool for breast cancer but could be a 
predictor of recurrence risk of early stage breast 
cancer. 

When the mean rank of serum VEGF in 
malignant groups was correlated to clinicopathological 
factors, there was no statistically significant correlation 
(P>0.05) with histological type, capsular rupture, 
oedema, fungation/ulceration, fixation to chest wall, 
Peaud` orange, inflammatory cancer and lymph node 
metastasis.This agreed with results of Barbro et al. 
(2008) while Mohammad et al. (2007) showed that 
VEGF was associated with lymph node metastasis in 
breast cancer as VEGF induced lymphangiogenesis 
was strongly correlated with dissemination to regional 
lymph nodes. 

The presence of Estrogen receptor (ER) and 
progesterone receptor (PR) is predictive for response to 
endocrine therapy and improved disease-free survival 
(Yi Yan et al., 2009). 

This study showed no significant correlation 
(P>0.05) between VEGF and both ER and PR. These 
results agreed with that of Barbro et al. (2008). On the 
other hand Hyder (2006) found a significant 
correlation between VEGF and both ER and PR, 
explaining it by the effect of estrogen on regulation of 
VEGF and its receptors in breast cancer as estradiol 
may tip the scale to favor angiogenesis, increasing 
bioactive VEGF.  

Kataoka et al. (2006) explained the relation 
between VEGF and the poor prognosis in ER-positive 
patients rather than ER-negative patients by the 
sensitivity of endothelial cells to VEGF which might 
be different between ER-positive tumors and ER-
negative tumors. In addition, estrogen has been 
reported to increase VEGF mRNA expression and 

protein in breast cancer cells and isolated endometrial 
cells.  

A significant correlation was detected between 
VEGF and age, and size of tumor .This finding was not 
in accordance with Xiaowei et al. (2008) but in 
accordance with Barbro et al. ( 2008) who found that 
high VEGF was not only associated with larger tumors 
but also with larger metastatic deposits, likely through 
the growth factor inducing a rich vascular network. 

A significant correlation was found between 
VEGF and metastasis, a result that agreed with 
Mohammad et al. (2007) who supposed that early 
distant spread in patients with higher VEGF levels in 
their primary tumors as a result of the vessel leakage 
may be caused by the increased permeability, one of 
the major effects of VEGF. 

There was a significant correlation between 
VEGF and bilateral primaries, major intraduct 
component, and grade of the disease. This finding was 
in accordance with that of Xiaowei (2008). 

CA15-3 is a glycoprotein that elevates in a 
proportion of breast cancer patients with distant 
metastases. Its main usefulness is in the surveillance of 
patients with diagnosed disease and in monitoring the 
treatment of patients with advanced disease (Daniele et 
al. 2008). 

Serum level of CA15-3 was found to be 
significantly higher in malignant group than benign 
group with high statistically significant difference 
between them (P=0.0001). This finding is in 
accordance with Kim et al. (2010) who said that 
CA15-3 is known to reflect tumor burden and is 
associated with poor outcomes. 

The study showed a high significant correlation 
between serum CA15-3 and serum VEGF in malignant 
cases. This finding was in accordance with Iovino et 
al. (2008), but was not with Quaranta et al. (2007). 

In malignant group, serum CA15-3 showed no 
significant correlation with major intraduct component 
,capsular rupture ,oedema ,fungation /ulceration ,ER 
,PR ,Peaud` orange ,multiple primaries and grade. This 
finding was not in accordance with  Chourin et al. 
(2009) who found a significant correlation between 
CA15-3 and tumor size, grade, age at time of diagnosis 
and lymph node invasion which were considered poor 
prognostic factors. Lymph node invasion was the only 
prognostic factor for disease-free survival. The 
presence or absence of hormone receptors did not have 
any prognostic value. 

On the other hand, a significant correlation was 
evidenced with fixation to chest wall (P=0.00003) and 
metastasis (P=0.000001). This finding is in accordance 
with Keshaviah et al. (2007). Patients with high 
concentrations of preoperative levels of CA15-3 have a 
significantly worse prognosis than those with low 
concentrations probably due to a larger burden of 
occult disease and bilateral primaries. 
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The sensitivity of serum CA15-3 was 52.86% and 
specificity was 100.00%. This finding was in 
accordance with Chourin et al. (2009) who found that 
serum CA 15-3 concentration >30 U/l is associated 
with a poor prognosis supposing cancer metastases. 

The low sensitivity of CA15-3 in this study was 
in accordance with Duffy (2006) who found that the 
main disadvantage of CA15-3 for breast cancer is a 
lack of sensitivity for low-volume disease. 
Consequently, the marker is of no value in either 
screening or diagnosing early breast cancer. Although 
of little use for early diagnosis, however, CA 15-3 may 
be the first independent circulating prognostic marker 
described for breast cancer.  

It is good to measure both serum VEGF (high 
sensitivity and low specificity) and serum CA15-3(low 
sensitivity and high specificity) to have high sensitivity 
and high specificity method for screening and 
diagnosis. 
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