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e Symptomatic metastasis prediction with serial 
measurements of CA 15.3 in primary breast 
cancer patients
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Background: CA 15.3 is elevated in most patients with distant metastatic breast cancer who had prognostic information. The present 
study was performed to estimate predictive ability of CA 15.3 in assessment of symptomatic metastasis in patients with breast cancer. 
Materials and Methods: During five years, 159 primary breast cancer patients were evaluated. A total of 2226 determination of 
serum CA 15.3 (14 per patient) were performed. We performed contemporary clinical examinations with CA 15.3 measurements at 
the time of diagnosis, end of chemotherapy, every three months in the first two years and every six months in the second two years of 
follow-up period. Imaging studies were performed if clinical or laboratory examinations (abnormal serum levels of CA 15.3) suspected 
symptomatic metastasis. Metastasis in participants was confirmed by imaging study in symptomatic patients. Results: There was 
no significant increase in CA 15.3 tumor markers during chemotherapy (P = 0.08). There was a significant relationship between CA 
15.3 positive results and metastasis situation (P = 0.00). Mean of maximum CA 15.3 level in metastatic patients (52.72±27.09) was 
significantly higher than non-metastatic patients (27.58±13.46; P = 0.00). CA 15.3 abnormality (OR, 1.07; 95% CI: 1.04-1.11; P value, 
0.01) and abnormal lymph nodes remained as predictor of metastasis (OR: 1.16; 95% CI: 1.05-1.28; P value < 0.0001). Conclusion: 
CA 15.3 is one of the predicting factors for symptomatic metastasis.
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of sensitivity and specificity for diagnosis of in situ or 
low stage invasive breast cancer, has not been used for 
diagnosis of primary breast cancer patients. Indeed, on 
the other hand, CA 15.3 measurement in primary breast 
cancer patients had most overlap with healthy women 
or who had benign breast disease.[11,12]

Although elevated levels of CA 15.3 was not sensitive 
and specific for the diagnosis of primary breast cancer, 
CA 15.3 was elevated in most of the patients with 
distance metastatic breast cancer and had prognostic 
information. [13- 15] Most of the traditional prognostic 
factors in breast cancer required samples from tumor 
tissue via biopsy or surgery.[4,5] CA 15.3 assessment in 
prognostic study of primary breast cancer patients is 
necessary for their suitable management. CA 15.3 might 
help us avoid from under-treatment of advanced breast 
cancer patients and over-treatment of indolent patients. 
As per our search, few researchers pay attention to 
the noted tumor marker as predictor of symptomatic 
metastasis in primary breast cancer patients and if the 
prediction role of this marker is approved in present 
manuscript, oncologists will have suitable tools to focus 
on patients with high CA 15.3 level for early detection 
of metastasis.[16-18] The present study was performed to 
assess the predictive ability of CA 15.3 in symptomatic 

INTRODUCTION

Breast cancer had been known as a common cancer 
among women worldwide and the most common 
cause of cancer-related mortality.[1-5] Against increasing 
incidence of breast cancer, there is a decline in cancer-
related mortality among patients in developed 
countries.[6] It seems that, this reduction might be due to 
prevention programs such as mammographic screening 
and adjuvant systemic therapies for new cases of breast 
cancer.[7]

Several serum-based products and tumor markers or 
biomarkers are being used in the management of breast 
cancer patients.[8-10]

As same as other tumor markers, CA 15.3 due to lack 
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metastasis in patients with breast cancer in Yazd oncology 
clinics.

MATERIALS AND METHODS

Between July 2002 and August 2006, 168 patients met our 
inclusion criteria and were included in the present prospective 
study. Nine patients were excluded from the study because of 
migration to other regions. The present study was approved 
by the ethical research committee of Shahid Sadoughi 
University of Medical Sciences and Health Services and also 
all participants endorsed the informed consent. Our inclusion 
criteria were non-smoker female with primary breast cancer, 
without sign or symptoms of metastasis or recurrence or of 
any other malignant disorders. We excluded patients who had 
temporarily other oncologic (lung, colorectal, pancreas and 
ovarian cancer) or non-oncologic disorders (endometriosis, 
pelvic inflammation, hepatitis, cirrhosis, peptic ulcer, colitis 
and diverticulitis), which can impact serum level of CEA 
or CA 15.3. Finally 159 primary breast cancer patients 
participated in the study. Tumor size and outbreak number 
of lymph nodes were recorded. First, laboratory assessment of 
estrogen receptor (ER) and progesterone receptor (PR), CerB2 
and P53 tumor markers were performed for all participants. 
In the present study, a total of 2226 determinations of serum 
CA 15.3 (14 per patient) were performed with the same 
laboratory and assay kits. Study follow-up time began from 
the time of end of chemotherapy treatment until the next 4.5 
years. Chest X-ray, bone scan and liver ultrasonography were 
performed for all participants except for patients with benign 
and metastatic tumors.

We performed contemporary clinical examinations with 
CA 15.3  measurements at the time of diagnosis, end of 
chemotherapy, every three months in the first two years 
and every six months in the second two years of follow-
up period. Imaging studies, including chest X-ray, liver 
ultrasonography and bone scan, were performed if clinical or 
laboratory examinations (abnormal serum levels of CA 15.3) 
suspected symptomatic metastasis. Metastasis in participants 
was confirmed by imaging study in symptomatic patients.

Marker analysis
In the present study, we measured CA 15.3 from biopsy in 
participants. Estrogen receptor (ER), progesterone receptor 
(PR), CerB2 and P53 tumor markers were determined in 
participants using a receptor assay method. ER results greater 
than 5 fmol/mg and PR results greater than 15 fmol/ mg of 
cytosolic protein were considered as positive results.[19] In the 
follow-up period, if an elevated serum level of CA 15.3 was 
observed, another sample was obtained to confirm the first CA 
15.3 result. CA 15.3 level was considered as high and abnormal 
if >30 ng/ml was detected in two sequential determinations.[19]

Statistical analysis
We used SPSS version 16.0 for statistical analysis and 
all two-tailed P values less than 0.05 were considered as 
significant. For statistical calculations, the chi-square and 
Student t-test were used for qualitative and quantitative 
results, respectively. We considered abnormal CA 15.3 
result for a patient if one of the CA 15.3  measurements 
was abnormal. With regard to CA 15.3 results, we grouped 
participants in to two groups: with normal or abnormal 
CA 15.3 results. Other study variables and metastasis were 
compared between patients with and without metastasis. 
We used a logistic regression model to determine the 
independent predictors of metastasis in primary breast 
cancer. In this model, one of the metastasis in primary breast 
cancer patients was selected as a dependent variable. Other 
study variables such as number of lymph node involvement, 
tumor size, P53, CA 15.3 level and also treatment time were 
entered into the model. An enter procedure was used in 
this analysis. Variables that remained in the model were 
known as independent predictor of metastasis. Calculations 
were done using the SPSS version 16.0 (SPSS Inc. Chicago, 
IL) statistical program and P value lower than 0.05 was 
considered as significant.

Sensitivity was considered as the ratio between the number 
of metastatic patients whose marker levels were high 
over the total number of metastatic patients. Specificity 
was calculated by dividing the number of non-metastatic 
patients with normal values of tumor marker by the total 
number of non-metastatic patients. Finally, efficacy was 
considered as the sum of patients with elevated tumor 
marker and metastasis and also patients with normal 
antigen concentration and non-metastasis patients divided 
by the total number of patients evaluated and multiplied 
by 100.

ROC curve calculation
We evaluated serum level of CA 15.3 14 times during the 
four years of follow-up for calculation of sensitivity and 
specificity of CA 15.3 to determine metastasis. We used 
the highest serum values before metastasis in metastatic 
patients and highest serum values during follow-up period 
for non-metastatic patients. The area under the receiver 
operating characteristic curve (ROC) was calculated as a 
measure of predictive discrimination of tumor response 
and progression by CA 15.3 variation. The cut-off points of 
increased and decreased marker were identified according 
to the corresponding plotted curves. The difference between 
proportions was evaluated by the chi-square test with Yates’ 
correction, if necessary.

RESULTS

Total 159 primary breast cancer patients were included 
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in the present study. Mean of age of our patients was 
48.84±10.69 (range: 22-78) years. The average size of tumors 
was 1.94±0.70 (range: 22-78) centimeters and on an average 
2.86±4.30 (range: 0-8) lymph nodes were involved. Among 
participants, at the beginning of the study, 50 patients 
(31.4%) had positive CerbB2, 54 patients (34%) positive 
P53, 73 patients (45.9%) positive PR and 83 patients (52.2%) 
positive ER receptor. The mean of CA 15.3 in participants 
at the time of diagnosis was 18.93±7.19 µ/ml (range: 2-40). 
After six months of chemotherapy, mean and range of CA 
15.3 in our patients was 20.08±9.95 µ/ml (range: 5-85). There 
was no significant increase in CA 15.3 tumor markers during 
chemotherapy (P = 0.08) [Table 1].

During the follow-up period, 33 patients (20.8%) presented 
symptomatic metastasis. In CA 15.3 assessment, 39 patients 
(34.5%) had abnormal results. As a result of CA 15.3 tumor 
marker assessment with metastatic status in participants, 
there was a significant relationship between CA 15.3 positive 
results and metastasis situation (P  =  0.00). Our analysis 
showed that metastatic patients had significantly higher CA 
15.3 abnormal results in comparison with non-metastatic 
patients (OR: 1.075; CI: 1.04-1.11; P = 0.00).

In our analysis, mean of CA 15.3 level in metastatic patients 
(52.72±27.09) was significantly higher than non-metastatic 
patients (27.58±13.46; P = 0.00). The median age of CA 15.3 
in metastatic and non-metastatic patients was 46 and 27, 
respectively.

ROC curve analysis
According to the traditional cut-off point for CA 15.3, we 
calculated 90.91% (95% CI: 0.55-0.95) and 88.89% (95% 
CI: 0.71-0.85) as sensitivity and specificity for CA 15.3, 
respectively in assessment of metastasis in participants. 
According to these data, positive and negative predictive 
values for CA 15.3 in participants were 68.18% and 97.39%, 
respectively. For ROC curve analysis, we considered 
the highest value of tumor marker before metastasis for 

metastatic patients and also highest value of tumor marker 
for other patients during their follow-up period. According 
to our ROC curves, it was observed that higher sensitivity 
and specificity for metastatic determination could be 
obtained, if we consider 30.5 µ/ml for CA 15.3 as cut-off 
point for positive results [Figure 1].

Results of logistic regression analysis
In our logistic regression analysis, after inserting selected 
study variables into the model, only CA 15.3 abnormality 
and number of involved lymph nodes remained as 
independent predictor of metastasis in our model [Table 2].

DISCUSSION

Mean of CA 15.3 in our study participants at the time 
of diagnosis and after chemotherapy had no significant 
differences between metastatic and non-metastatic patients. 
During the four years of study, follow-up mean of CA 
15.3  had significant differences between metastatic and 
non-metastatic patients. Calculated odds ratio confirmed 
that elevated CA 15.3 was observed more frequently 

Table 1: Comparison study variables between metastatic and non-metastatic patients
Metastatic patients (%) Non-metastatic patients (%) P value

CA 15.3 level before chemotherapy (Mean±SD) 19.97 ± 6.74 18.65 ± 7.30 0.35
CA 15.3 level after chemotherapy (Mean±SD 20.70 ± 7.01 19.93 ± 10.06 0.69
CA 15.3 within the follow-up time (N, %) Abnormal 30 (90.9) 14 (11.1) 0.00

Normal 9 (9.1) 112 (88.9)
Estrogen receptor (N, %) Positive 16 (48.5) 67 (53.2) 0.63

Negative 17 (51.5) 59 (46.8)
Progesterone receptor (N, %) Positive 16 (48.5) 57 (45.2) 0.74

Negative 17 (51.5) 68 (54.8)
P53 (N, %) Positive 16 (48.5) 38 (5.2) 0.048

Negative 17 (51.5) 88 (69.8)
CrbB2 (N, %) Positive 10 (30.3) 40 (31.7) 0.87

Negative 23 (69.7) 86 (68.3)

Figure 1: ROC curve analyses for using CA 15.3 findings for metastasis detection 
in a population of 33 metastatic versus 126 non-metastatic breast diseases
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(near to 80 times) in metastatic patients in comparison 
with non-metastatic patients. ROC curve analysis showed 
that the traditional cut-off point for CA 15.3 had suitable 
sensitivity and specificity for metastasis determination 
during follow-up time in primary breast cancer patients. 
Logistic regression analysis confirmed that CA 15.3 higher 
than normal results accompanied with number of involved 
lymph nodes were independent predictor of metastasis.

Several studies in the literature have used CA 15.3 as one 
of the monitoring tools for breast cancer patients.[12,14] Some 
other studies reported that CA 15.3 can be used for assessment 
of first line chemotherapy and recurrence detection after 
radical treatment.[20,21] Due to the fact that CA 15.3 was not 
related to any specific organ, we cannot use it in the screening 
programs.[21-24] But CA 15.3 can be used in the early detection 
of recurrence in breast cancer patients and presented as a 
cost-reducing tool for chemotherapy monitoring.[25-28]

In the present study, we found association between elevated 
CA 15.3 and progression of breast cancer disease. There 
is a conflicting result regarding this finding: Berruti et al. 
reported that prevalence of elevated CA 15.3 was related 
to metastatic sites. They advocated that patients with 
visceral involvement had higher chance of elevated CA 15.3 
than patients with bone and soft tissue involvement.[29] In 
contrast to the above study, Geraghty et al. could not find 
any significant difference in CA 15.3 levels between several 
metastatic sites.[30] Other studies reported that CA 15.3 was 
sensitive for bone and visceral metastasis.[31-34]

Generally elevated tumor marker was correlated with 
multiple metastatic diseases.[21,35] Metastasis in liver, bones 
and lungs and pleural effusion are especially elevated in 
pathologic CA 15.3 levels.[24] There were only a few studies 
about the use of CA 15.3 tumor marker in the follow-up of 
primary breast cancer patients.[25,27,28]

The present study was prospective and median follow-
up time per patients was near to five years. Due to 
methodological differences, such as cut-off points, test 
assay methods, heterogeneous patient populations and 
different follow-up times and schedules, it is hard to 
compare sensitivity and specificity that were reported in the 

similar studies with our findings.[25,29,35] Gion et al. reported 
sensitivity of CA 15.3 ranging between 33% and 78% and 
specificity ranging between 60% and 93%.[23]

We found higher sensitivity and specificity than Gion et al. 
study and it might be due to some issues such as time of 
measurement and cut-off point that was selected.

Sensitivity and specificity of CA 15.3 test in our study was 
high; in the present series, the positive predictive value of 
CA 15.3 test was 68.8%. Soletormos et al. reported that in 
breast cancer patients with bony and visceral metastasis, 
the negative predictive value of CA 15.3 was 86%. On the 
other hand with negative results of CA 15.3 tumor marker, 
it was very uncommon that breast cancer patients had bony 
or visceral metastasis.[36]

CONCLUSION

Higher sensitivity and specificity with positive and negative 
predictive values for CA 15.3 showed that CA 15.3 is one of 
the most powerful monitoring systems for primary breast 
cancer patients. Further studies must be performed with 
higher sample size for better interpretation of tumor marker 
results and its relation with metastasis location.
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