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Abstract 

Background: Expression of VEGF-C and CA 15-3 may be useful to differentiate 

between malignant and benign breast tumour because VEGF-C plays a role in 

promoting angiogenesis and lymphangiogenesis in malignant processes and CA 15-3 

is the soluble form of transmembrane protein MUC1, a tumour marker which shows 

higher expression in breast cancer.  

Objective: To determine the diagnostic value of VEGF-C and CA 15-3 as blood-based 

tumour markers in patients with breast cancer should the more invasive pathology 

examination is unavailable or undesirable.  

Methods: This diagnostic cohort study recruited 76 patients that underwent surgical 

biopsy procedures at Dr. Kariadi and Pantiwilasa Citarum Hospitals Semarang. The 

VEGF-C and CA 15-3 levels in blood specimens taken before surgical biopsy 

procedure was determined using ELISA method. An ROC curve and AUC were used 

to establish the cut-off points and diagnostic value. Pathology examination results from 

the biopsy specimens were used as the gold standard. 

Results: The cut-off value for VEGF-C and CA 15-3 were 989.50 pg/mL and 74.00 

U/mL. Sensitivity for VEGF-C, CA 15-3 and VEGF-C+CA 15-3 were 76.6%, 64.1% 

and 89.1%. Specificity for VEGF-C, CA 15-3 and VEGF-C+CA 15-3 were 75.0%, 

75.0% and 50.0%. The AUC for VEGF-C, CA 15-3 and VEGF-C+CA 15-3 was 0.831 

(95% CI = 0.727-0.934), 0.742 (95% CI = 0.628-0.856) and 0.840 (95% CI = 0.742-

0.938). 

Conclusion: VEGF-C in combination with CA 15-3 performed better as diagnostic 

parameter and has better accuracy as a tumour marker for breast cancer in comparison 

with each marker alone. 
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INTRODUCTION 

 Breast cancer is the most common type of cancer in 

women, with a prevalence of 13.2% in South-East Asia 

by the end of 2020, and is also reported as one of the 

leading causes of cancer-related mortality.1-4 Early and 

accurate diagnosis was reported to help improve 

prognosis and increase patient life expectancy.4,5 

Starting therapy at an earlier stage of the disease is 

expected to help cut treatment costs. Cancer cells in 

early-stage disease also generally show lower mutational 

complexity and clonal heterogeneity and therefore have 

a lower risk of developing resistance to therapy.6 

Therefore, early detection and screening are considered 

to play an important role in the management of breast 

cancer.7 
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 Histopathological examination of biopsy specimens is 

the gold standard for establishing a diagnosis in patients 

with breast tumours,8 although this method is known to 

have several shortcomings, such as causing pain and 

discomfort, invasive in nature, and the results can be 

affected by erroneous sampling process, the biopsy 

specimen, as well as the level of expertise and 

experience of the examiner. Surgical biopsy is also 

relatively undesirable in patients taking anticoagulant, 

patients with overlying skin infections, and during 

pregnancy or breast-feeding.6,9 This shows the need for 

a more convenient non-invasive screening method to do 

early detection of breast cancer cases in a relatively 

accurate manner. 

 Expression of serum tumour markers is a non-invasive 

screening methods that can detect malignant cell 

transformation since early stage of breast cancer.7,10 

Expression of tumour markers such as VEGF-C and CA 

15-3 may be useful to differentiate between malignant 

and benign breast tumour because VEGF-C plays a role 

in promoting angiogenesis and lymphangiogenesis in 

malignant processes and CA 15-3 is the soluble form of 

transmembrane protein MUC1, a tumour marker which 

shows higher expression in breast cancer. The use of 

these diagnostic tumour marker is also considered quite 

promising because the diagnosis can be made without 

being influenced by the level of expertise and experience 

of the examiner or erroneous sampling process that we 

may encounter in conventional histopathological 

examination.11 

 CA 15-3 examination was reported to have a relatively 

low sensitivity in stage I and II breast cancer, and was 

more widely used as an early indicator of cancer 

recurrence, the presence of residual disease, and to 

evaluate remission or to predict prognosis.7,12,13 Previous 

studies have also generally investigated VEGF-C as a 

prognostic marker, as a marker of metastases, or to 

predict life expectancy,3,14 and only one study in Poland 

had previously evaluated the diagnostic value of these 

two tumour markers.10 The current study aimed to 

evaluate the accuracy and reproducibility of VEGF-C 

and CA 15-3 as a blood-based diagnostic test for breast 

cancer should the more invasive pathology examination 

is unavailable or undesirable.The results of this study 

were expected to help develop a new panel of tumour 

markers that can be used in early diagnosis and screening 

for breast cancer in the future. 

 

MATERIALS AND METHODS  

Study design 

This diagnostic study recruited patients that underwent 

surgical biopsy procedures at Dr. Kariadi and 

Pantiwilasa Citarum Hospitals Semarang between May 

and December 2020. The VEGF-C and CA 15-3 levels 

in blood specimens taken before surgical biopsy 

procedure was determined using ELISA with double 

antibody sandwich technique. Pathology examination 

results from the biopsy specimens were used as the gold 

standard.  

 

Study subjects 

 Combined sensitivity and specificity value for a 

diagnostic test was expected to at least be 1.5, and to be 

able to recommend the clinical use of such tests, ideally 

the test should be able to identify significantly more cases 

correctly (sensitivity ≥80%) and have very high 

specificity (≥97%).15 The sample size in the current study 

was calculated using the formula for diagnostic test, with 

expected sample proportion of 0.84 and an absolute 

precision of 10%. The sample was calculated as a whole 

without establishing specific calculated numbers of 

patients having tumors or no tumors to be recruited in 

order to reject the null hypothesis. 

 Inclusion criteria for the current study were over 17 

years old female patients with no previous history of 

breast cancer, operable tumour where histopathology 

examination was conducted, body temperature between 

36–37.4C, no history of surgery during the last 6 months 

before biopsy, and normal haemoglobin, leukocytes, or 

platelet values. Eighty patients that underwent surgery-

biopsy for breast tumour had agreed to participate in the 

study. Four patients were then excluded, 3 because they 

were found to have recurrent breast cancer and 1 because 

she already had a biopsy examination in another hospital. 

Seventy-six patients were selected as study subjects, 64 

with malignant and 12 with benign tumour. 

 

Data analysis  

 The collected data is processed through editing, 

tabulation, coding and entry processes using IBM SPSS 

statistics version 27.0. Receiving Operating 

Characteristics (ROC) curve and Area Under the ROC 

Curve (AUC) were used to establish the cut-off points, 

which was then used to calculate sensitivity, specificity, 

positive predictive value (PPV), and negative predictive 

value (NPV) to establish the diagnostic value.  

 

Ethical clearance 

 The study had been approved by The Medical Research 

Ethics Committee at The Faculty of Medicine 

Diponegoro University/Dr. Kariadi Hospital Medical 

Center Semarang.  

 

RESULTS  

 Seventy-six patients that underwent breast tumour 

surgery-biopsy in Dr. Kariadi General Hospital Medical 

Center Semarang were included in the current study. The 

study subjects were between 19 to 65 years old 

(mean±SD, 48.01±11.30 years). Histopathology showed 

malignant tumour in 64 patients and benign tumour in 12 

patients. Patients with malignant histopathology were 

significantly older and had significantly younger 

menarche age in comparison to patients with benign 

histopathology (p<0.05). The malignant histopathology 

group showed significantly higher proportion of patients 

who had entered menopause and had used hormonal 

contraception for more than 3 years in comparison to 

those with benign histopathology. The malignant 

histopathology group also showed higher proportion of 

patients with a history of breastfeeding for less than 1-

year, albeit statistically insignificant (Table 1). The 

current study did not consider the stages or types of breast 

cancer in the analysis. Consequently, cancer staging was 

not recorded, and ER, PR, or HER2 status was not 

evaluated during the study period. 
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Figure 1.  ROC curve for VEGF-C, CA 15-3, and VEGF-C + 

CA 15-3 
 

Patients with malignant histopathology showed 

significantly higher mean VEGF-C levels in comparison 

to patients with benign histopathology 

(1368.86±1428.09 pg/mL vs. 949.17±52,25 pg/mL; 

p<0.05). Mean CA 15-3 levels was also significantly 

higher in patients with malignant in comparison to 

benign histopathology (159.48±157.67 U/mL vs. 

52.00±23.59 U/mL; p<0.05) (Table 1). 

 

Determination of cut-off value for VEGF-C and CA 

15-3 

 Receiver operating characteristic (ROC) curve and 

area under the ROC curve (AUC) was used to determine 

the optimal cut-off value for VEGF-C and CA 15-3 based 

on the histopathology of the tumour. Cut-off value for 

VEGF-C was 989.50 pg/mL and for CA 15-3 was 74.00 

U/mL. Tumour markers were considered to show a 

positive result when the serum levels were found to be 

equal to or higher than the cut-off value, and were 

considered to show a negative result when the serum 

levels were found to be lower than the cut-off value 

(Table 2, Figure 1).  

 

Diagnostic value of VEGF-C and CA 15-3 

 Diagnostic accuracy showed the proportional 

agreement between the diagnostic test result that was 

made based on the cut-off value for the studied tumour 

markers in comparison to the result of the reference test 

or gold standard. There were several factors that can be 

considered in determining the accuracy of a diagnostic 

method, such as sensitivity, specificity, positive 

predictive value (PPV), and negative predictive value 

Table 1.  Characteristics of study subjects in malignant and benign histopathology groups 

Variables 
Histopathology Results p 

Malignant Benign  

Age (year) (mean±SD) 49.69 ± 10.71 39.08 ± 10.51 0.002§* 

History of breastfeeding >1 year (n, %) 

   Yes 
   No 

 

5 (62.5) 
59 (86.8) 

 

3 (37.5) 
9 (13.2) 

 

0.107^ 

Menopause (n, %) 

   Yes 

   No 

 

45 (93.8) 

19 (67.9) 

 

3 (6.3) 

9 (32.1) 

 

0.007‡* 

Hormonal contraception >3 years (n, %) 

   Yes 

   No 

 

56 (91.8) 

8 (53.3) 

 

5 (8.2) 

7 (46.7) 

 

0.001‡* 

Age of menarche (year) (median, IQR) 11 (10 – 12) 12 (11 – 13) 0.026‡* 
VEGF-C (pg/ml) (mean± SD) 1368.86 ± 1428.09 949.17 ± 52.25 <0.001‡* 

CA 15-3 (U/ml) (mean± SD) 159.48 ± 157.67 52.00 ± 23.59 0.008‡* 

*Significant (p < 0,05); §Independent t test; ‡Mann whitney test; ^Fisher’s exact test; IQR, interquartile range. 

 

 Table 2.  AUC and cut-off value for VEGF-C, CA 15-3 and VEGF-C + CA 15-3  

Variables AUC p 
95% CI 

Cut-off point 
Min Max 

VEGF-C 0.831 0.000 0.727 0.934 989.50 

CA 15-3 0.742 0.008 0.628 0.856 74.00 
VEGF-C + CA 15-3 0.840 <0.001 0.742 0.938 –  

AUC = area under the ROC curve; 95% CI = 95% confidence interval. 
 

Table 3.  Diagnostic value of VEGF-C, CA 15-3, and VEGF-C + CA 15-3 

Variables Category 
PA Results Sens. 

(%) 

Spec.  

(%) 

PPV 

(%) 

NPV 

(%) 

Acc 

(%) 
p 

+ – 

VEGF-C ≥ 989.50 49 3 76.6 75.0 94.2 37.5 83.1 0.001 

 < 989.50 15 9       

CA 15-3 ≥ 74.00 41 3 64.1 75.0 93.2 28.1 74.2 0.049 

 < 74.00 23 9       

VEGF-C + 

CA 15-3 

≥ cut-off 57 6 89.1 50.0 90.5 46.2 84.0 0.018 

< cut-off 7 6       

Sens = sensitivity; Spec = specificity; PPV = positive predictive value; NPV = negative predictive value; Acc = accuracy. 
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(PPV). A number of these factors can be calculated 

based on the number of true positive results (TP), true 

negative results (TN), false positive results (FP) and 

false negative results (FN) with the following formula:15 

 

a) Sensitivity = TP/(TP + FN) 

b) Specificity = TN/(TN + FP) 

c) PPV = TP/(TP + FP) 

d) NPV = TN/(FN+TN) 

 

 Positive or negative diagnostic test results to ascertain 

whether the patient has a malignant or benign tumour 

were determined according to VEGF-C and CA 15-3 

cut-off value that has been previously calculated. 

 Based on the predetermined cut-off value, among 64 

patients with malignant histopathology, 49 showed 

positive results for VEGF-C, resulting in a sensitivity of 

76.6%, and among 12 patients with benign 

histopathology, 9 showed negative results, resulting in a 

specificity of 75.0%. Forty-one patients with malignant 

histopathology showed positive results for CA 15-3, 

resulting in a sensitivity of 64.1%, and 9 patients with 

benign histopathology showed negative results, resulting 

in a specificity of 75.0%. Positive results for combined 

VEGF-C and CA 15-3 were found in 57 patients with 

malignant histopathology, resulting in a sensitivity of 

89.1%, and negative results were found in 6 patients with 

benign histopathology, resulting in a specificity of 

50.0% (Table 3). 

 Among 52 patients with positive results for VEGF-C, 

49 were found to have malignant histopathology, thus 

resulting in a PPV of  94.2%, and among 24 patients with 

negative results, only 9 were found to have benign 

histopathology, thus resulting in an NPV of 37.5%. 

Concurrently, among 44 patients with positive results for 

CA 15-3, 41 were found to have malignant 

histopathology, thus resulting in a PPV of 93.2%, and 

among 32 patients with negative results, only 9 were 

found to have benign histopathology, thus resulting in an 

NPV of 28.1%. Combined VEGF-C and CA 15-3 

showed positive results in 63 patients, where 57 were 

found to have malignant histopathology, thus resulting 

in a PPV of 90.5%, and showed negative results in 13 

patients, where 6 were found to have benign 

histopathology, thus resulting in an NPV of 46.2% 

(Table 3). 

 

DISCUSSION  

 The current study involving 76 subjects with breast 

tumours between the age of 19 to 70 years have found 

64 subjects with breast cancer (malignant 

histopathology) and 12 with benign breast tumours 

(benign histopathology). Patients with breast cancer 

were significantly older, had significantly younger 

menarche age, and showed higher proportion of patients 

who had used hormonal contraception for more than 3 

years in comparison to patients with benign tumour. Age 

was one of the most important risk factors for breast 

cancer, where the incidence was reported to increase 

significantly with age and reaches its peak in the age of 

menopause. Younger age of menarche and the use of 

hormonal contraception has also been reported as a risk 

factor associated with an increased incidence of breast 

cancer.16-18 

 Serum tumour markers expression was reportedly 

useful in early detection of malignant cell transformation, 

thus may be utilized as a non-invasive screening method 

in breast tumours.7,10 VEGF-C and CA 15-3 are often 

used as biomarkers in breast cancer, albeit rarely for 

diagnostic purposes. The current study evaluated the 

diagnostic value of VEGF-C and CA 15-3 as serum 

tumour markers in breast cancer. CA 15-3 has a relatively 

low sensitivity in stage I and II of breast cancer, and was 

more widely used as an early indicator of cancer 

recurrence, the presence of residual disease, and to 

evaluate remission or to predict prognosis.7,12,13 Previous 

studies also mostly investigated VEGF-C as a prognostic 

marker, as a marker of metastases, or to predict life 

expectancy.3,14 Only one previous study in Poland had 

evaluated the diagnostic value of these two tumour 

markers.10 

 Vascular endothelial growth factor C (VEGF-C) was a 

growth factors that played an important role in the 

formation of blood vessels in VEGFR-3 and VEGFR-2 

receptor-positive breast cancer tissue. Intraductal and 

invasive breast cancer cells were found to express VEGF-

C protein.19 Patients with malignant histopathology in the 

current study showed a significantly higher mean VEGF-

C level than patients with benign histopathology. 

Similarly, previous studies by Zajkowska et al. and 

Thammineni et al. also found significantly higher VEGF-

C expression in patients with breast cancer as opposed to 

patients with benign breast tumours.7,20 The increase in 

VEGF-C levels was also reported to be positively 

correlated to the severity of breast cancer assessed by 

TNM stage. This shows that plasma VEGF-C levels may 

potentially be utilized to differentiate between breast 

cancer and benign breast tumours.7 

 Cancer antigen 15-3 or CA 15-3 was one of the most 

frequently examined tumour markers for breast cancer, 

both in daily clinical practice and for research 

purposes.13,21 CA 15-3 examination will detect the 

presence of a soluble form of the protein antigen 

MUC1,1,22,23 a large transmembrane mucin glycoprotein 

which is known to be over-expressed in patients with 

breast cancer.22,24 Patients with malignant histopathology 

in the current study showed significantly higher CA 15-3 

levels in comparison to patients with benign 

histopathology. Similarly, previous studies by Fu et al., 

Lawicki et al., and Fu and Li also found higher serum CA 

15-3 levels in breast cancer patients as opposed to 

patients with benign breast tumours.21,25,26 Increased CA 

15-3 expression can be found at all stages of breast 

cancer, and appeared to be positively correlated with the 

tumour stage.25 

 

Diagnostic Value of VEGF-C and CA 15-3  

 One of the main criteria for assessing the diagnostic 

value of a tumour marker is the sensitivity/specificity 

chart or ROC curve.7 The ROC curve was a mapping of 

sensitivity against 1–specificity for all possible cut-off 

values between cases and controls. The diagnostic value 

of a tumour marker was assessed using the area under the 

ROC curve (AUC) and/or the area under the partial ROC 

curve (pAUC). A tumour marker with AUC = 1 can 

completely differentiates between patients with breast 

cancer or benign breast tumours. Meanwhile, AUC = 0.5 

indicates that there was no difference in the distribution 
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of tumour marker values between the two groups.27 

 Diagnostic value based on the AUC will show the total 

accuracy of a tumour marker, where a tumour marker is 

considered to have better performance if the ROC curve 

was closer to the upper left corner of the graph, thus 

indicating an AUC value that is closer to 1.0 

(representing a combination of perfect or 100% 

sensitivity and specificity value). An AUC value of 0.7 

to 0.8 indicates a moderate diagnostic value, 0.8 to 0.9 

indicates a good diagnostic value, and more than 0.9 

indicates a very good diagnostic value. An AUC value 

of 0.8 and above is usually acceptable to clinicians.7,28,29 

The current study obtained AUC values of 0.831 for 

VEGF-C, 0.742 for CA 15-3, and 0.840 for combined 

VEGF-C + CA 15-3, so it can be concluded that CA 15-

3 has moderate diagnostic value while VEGF-C and 

combined VEGF-C + CA 15-3 has good diagnostic 

value.  

 Previous study by Zajkowska et al. has compared 

several tumour markers in breast cancer and found 

similar results, with relatively high AUC values for 

VEGF-C (0.767), CA 15-3 (0.757), and combined 

VEGF-C + CA 15-3 (0.847). The results of this study 

indicated that VEGF-C and CA 15-3 were good 

candidates to help establish the diagnosis of breast 

cancer, where the use of combined VEGF-C + CA 15-3 

appears to have a better diagnostic value than the use of 

each individual markers.7 These results were in 

agreement with the results obtained in the current study, 

where the combined VEGF-C + CA 15-3 tumour 

markers showed higher AUC value than VEGF-C and 

CA 15-3 individually. 

 

Cut-off Value for VEGF-C and CA 15-3  

 ROC curve analysis and AUC calculation was used to 

determine the diagnostic accuracy of VEGF-C and CA 

15-3 in breast tumours and to estimate the optimal cut-

off value of these tumour markers in the current study. 

The cut-off value was determined to dichotomize the 

results of the examination, namely to determine whether 

the results were positive or negative (malignant or 

benign tumours). The cut-off value will be considered as 

optimal if it can be used to classify most of the research 

subjects correctly.27 

 Analysis to determine the optimal cut-off value 

requires a combination of the area under the ROC curve 

(AUC) along with determining the sensitivity and 

specificity values at the same time. This method defines 

the optimal cut-off value as the value that minimizes the 

sum total of the absolute difference values between AUC 

and sensitivity and AUC and specificity, provided that 

the difference between sensitivity and specificity values 

appears to be minimal.27 The current study obtained a 

cut-off value of 989.50 pg/mL for VEGF-C and 74.00 

U/mL for CA 15-3. This cut-off value was relatively vast 

difference with the ones obtained from previous studies 

by Zajkowska et al., which were 1552.85 pg/mL for 

VEGF-C and 18.45 U/mL for CA 15–3.7 This might be 

influenced by differences in sample size and the 

characteristics study subjects. Zajkowska et al. recruited 

120 patients with breast cancer between the age of 39-83 

years, where 82.5% have entered menopause,7 unlike the 

current study which only recruited 64 breast cancer 

patients with a wider age range, between 19-70 years, 

and with lower percentage of patients who have entered 

menopause (70.3%). In comparison to pre-menopausal 

breast cancer patients, patients who have entered 

menopause was reported to have a lower mean VEGF-C 

expression,30 and a higher CA 15-3 expression.31 This 

difference in proportion of pre- and post-menopausal age 

patients between the current study and the study by 

Zajkowska et al. may have a bearing on the difference in 

VEGF-C and CA 15-3 levels between the two studies. 

Research from Zajkowska et al. also calculates the cut-

off value based on the breast cancer stages,7 unlike the 

current study which only calculates the cut-off value as a 

whole without considering the stage of the disease. 

 

Diagnostic Accuracy of VEGF-C and CA 15-3 in 

Breast Cancer 

 The accuracy of a diagnostic method can be 

determined by comparing the results with a reference 

standard or a diagnostic gold standard method that can 

determine whether the patient does have the disease with 

a high level of confidence. The ideal reference standard 

was generally expected to have a sensitivity and 

specificity level of 100%, although sometimes it has 

several limitations, where this method might be more 

difficult to perform, more expensive, and more 

invasive.15 Histopathology examination results were used 

as a reference standard to establish the diagnosis of breast 

cancer in the current study. 

 A good diagnostic method should be able to show 

positive results in all patients who do have the disease, 

and this ability can be assessed based on the sensitivity 

value. The sensitivity value in the current study indicated 

the proportion of patients with positive tumour markers 

among all patients who do have breast cancer (true 

positive or false negative results). However, a high 

sensitivity rate alone might not be sufficient to determine 

the accuracy of a tumour marker. The diagnostic method 

should also give negative results in all patients with 

benign breast tumours, an ability that is judged based on 

the specificity value. The specificity value in the current 

study indicated the proportion of patients with negative 

tumour markers among all patients who do have benign 

breast tumours (true negative or false positive results). 

For a test to be useful, combined sensitivity and 

specificity value should at least be 1.5, and to be able to 

recommend the clinical use of such tests, ideally the test 

should be able to identify significantly more cases 

correctly (sensitivity ≥80%) and have very high 

specificity (≥97%).15 

 Another factor that needs to be considered in 

evaluating the accuracy of a tumour marker was the 

positive predictive value (PPV) and negative predictive 

value (NPV). The positive predictive value in the current 

study indicated the probability of patients to actually 

have breast cancer if the test results were positive, and 

the negative predictive value indicated the probability of 

patients to not have breast cancer if the test results were 

negative. It is also important to remember that the PPV 

or NPV are affected by disease prevalence, where PPV is 

positively and NPV is negatively correlated with it. 

Sensitivity, specificity, PPV, and NPV seem to have their 

advantages and disadvantages. Therefore, these four 

factors generally need to be evaluated together to 

determine the diagnostic accuracy of VEGF-C and CA 
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15-3 in differentiating between patients with benign or 

malignant tumours.15 

 The current study found that combined VEGF-C and 

CA 15-3 has higher sensitivity and NPV in comparison 

with individual tumour markers, but has lower 

specificity and PPV. The combined examination of these 

two tumour markers also showed a higher level of 

overall accuracy. Meanwhile, VEGF-C showed an equal 

specificity with CA 15-3, and a higher PPV than CA 15-

3 or combined VEGF-C and CA 15-3. Based on the these 

results, it is reasonable to consider the use of VEGF-C 

and CA 15-3 tumour markers as a screening method for 

patients with suspected breast cancer should the more 

invasive pathology examination is unavailable or 

undesirable, such as in patients taking anticoagulant, 

patients with overlying skin infections, and during 

pregnancy or breast-feeding. However, the overall 

sensitivity and specificity of the two tumour markers 

were still relatively too low to be recommended for 

actual clinical use. In addition, although the combination 

of the two tumour markers showed a relatively high PPV 

and an increased NPV, the overall NPV was still 

relatively too low because the number of false-negative 

test results was still much higher than the true-negative 

results. Considering the nature of malignancy, the 

consequences of a false positive test may involve 

causing unnecessary invasive or expensive follow-up 

procedures, while a false negative test may cause a delay 

in diagnosis and treatment. As a consequence, a PPV 

value of ≥90% in the current study is considered 

acceptable, while the very low NPV value is not.  

 Previous study by Zajkowska et al. also obtained a low 

sensitivity value, namely 65.8% for VEGF-C and 58.3% 

for CA 15-3. However, the study obtained a sensitivity 

value of 86.7% for the combination of VEGF-C and CA 

15-3, indicating an increased sensitivity value when 

compared to individual tumour markers,7 similar to the 

results obtained in the current study. Specificity and 

NPV in the previous study generally appeared to be 

higher than those obtained in the current study, which 

were 76.0% and 52.3% for VEGF-C, 95.0% and 53.27% 

for CA 15-3, and 70.0% and 72.4% for combined VEGF-

C and CA 15-3, respectively. The study reported a higher 

PPV for CA 15-3, which was 95.89%, but lower for 

VEGF-C and the combination of VEGF-C and CA 15-3, 

which was 84.0% and 85.3%, respectively.7 

 CA 15-3 has a relatively low sensitivity in stage I and 

II of breast cancer, and was more widely used as an early 

indicator of cancer recurrence, the presence of residual 

disease, and to evaluate remission or to predict 

prognosis.7,12,13 The results from a number of studies 

conducted over the past three decades to evaluate the use 

of CA 15-3 as a breast cancer screening method showed 

that serum CA 15‑3 levels that were examined using the 

sandwich ELISA technique with two types of anti‑CA 

15‑3 monoclonal antibodies (115D8 and DF3) might not 

be suitable when used as a single tumour marker for 

early detection of breast cancer because there might not 

be an increased CA 15-3 levels in patients with early-

stage breast cancer or localized (non-invasive) breast 

cancer.1,32 

 This problem was thought to be related to the 

examination technique. Previous study found evidence 

that the use of the antibody-lectin sandwich assay to 

detect CA 15-3 glycosylation in serum samples could be 

useful for screening in early-stage or localized breast 

cancer.32 This examination was implemented based on 

the fact that CA 15‑3 was a highly glycosylated protein, 

where changes in glycosylation were thought to be a 

marker of carcinogenesis,33 and that changes in CA 15‑3 

glycosylation have been found in breast cancer tissues.34 

The antibody-lectin sandwich assay was reported to be 

more effective and has a significantly higher sensitivity, 

possibly because the ELISA technique commonly used 

for the examination of serum CA 15‑3 levels only allows 

a dilution between 1:50 to 1:100, while the 

antibody‑lectin sandwich assay can detect CA 15-3 in a 

dilution of more than 1:2000.32 However, currently the 

antibody‑lectin sandwich assay has not been widely used 

to detect CA 15-3 levels, especially in Indonesia. 

 Previous studies have also generally investigated 

VEGF-C as a prognostic marker, a marker of metastases, 

or to predict life expectancy,3,14 and only one study 

evaluated the diagnostic benefits this tumour marker.10 

Studies evaluating the diagnostic use of VEGF-C for 

breast cancer is currently limited, mainly because this 

protein is thought to play a greater role in 

lymphangiogenesis and metastasis. However, recent 

studies have reported the role of VEGF-C in angiogenesis 

and neovascularization which were considered important 

in early tumour development. Overexpression of VEGF-

C in breast cancer cells was found not only in invasive 

tumours, but also in ductal carcinoma in situ. This 

suggests that lymphangiogenesis may be one of the 

earliest events in breast carcinogenesis.35 

 

Limitations 

 The current study has several limitations. Firstly, the 

current study did not evaluate tumour markers levels 

based on the stage of the disease or breast cancer types. 

Previous studies have reported increased tumour markers 

levels with increasing breast cancer stage, and increased 

CA 15-3 expression was more commonly found in 

luminal breast cancer subtypes when compared to other 

subtypes.27 CA 15-3 levels in patients with stage III or  

IV breast cancer appeared to be significantly higher than 

patients with stage I and II diseases, although VEGF-C 

levels did not appear to be significantly different 

according to cancer stages,7 and only showed a 

significant difference in patients with lymph node 

metastases.36 Elevated CA 15-3 levels above normal 

values was also more common in estrogen receptor 

and/or progesterone receptor positive (HR+) breast 

cancer in comparison to hormone receptor 2 positive 

(HER2+) or triple negative (TP) breast cancer.24 On the 

other hand, HER2+ breast cancer showed a greater 

increase in VEGF-C levels in comparison to other types 

of breast cancer.36 

 Another limitation of the current study was that despite 

having generally better diagnostic value in comparison 

with individual tumour markers, the combination of 

VEGF-C and CA 15-3 was only useful for research 

purposes and may not be practical to use in everyday 

clinical practice because it is relatively difficult to 

determine the combined cut-off value of the two tumour 

markers. Previous studies have evaluated the use of ratio 

from two different tumour markers, such as cancer 

antigen 125/ carcinoembryonic antigen (CA 125/CEA) 
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ratio in cases of ovarian cancer. The cut-off value based 

on this ratio was reported to be good enough to represent 

the combination of two tumour markers for diagnostic or 

screening purposes.37 Therefore, further studies are 

needed in order to evaluate the diagnostic ability of the 

VEGF-C/CA 15-3 ratio in breast cancer, and to 

determine the ratio cut-off value that can be utilized as a 

reference in daily clinical practice, while adjusting for 

menopausal status, stage of the disease or breast cancer 

types. The use of other potential tumor markers alone or 

in combination with VEGF-C and CA 15-3 should also 

be explored in a larger population to improve diagnostic 

accuracy. 

 

CONCLUSION  

 Considering that the AUC indicated a moderate to 

good diagnostic value with relatively good sensitivity, 

positive predictive value, and accuracy, it is reasonable 

to consider the use of VEGF-C and CA 15-3 tumour 

markers as a screening method for patients with 

suspected breast cancer should the more invasive 

pathology examination is unavailable or undesirable. 

The two tumour markers may also be used to monitor the 

severity of breast cancer, response to therapy, or possible 

reccurences, even though further studies are required. 

Nevertheless, the use of these two tumour markers were 

not yet recommended for diagnostic purposes in 

everyday clinical practice because of the relatively low 

specificity and negative predictive value. VEGF-C in 

combination with CA 15-3 performed better as 

diagnostic parameter and has better accuracy as a tumour 

marker for breast cancer in comparison with each marker 

alone. 
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