
Introduction

The potential uses of serum tumour markers in breast 
cancer include aiding early diagnosis, determining prog-
nosis, prospectively predicting response or resistance to 
specific therapies, surveillance after primary surgery and 
monitoring therapy in patients with advanced disease 
(Duffy 2006). Metastatic breast cancer patients have a 
tumour load. It is difficult to quantify tumour load with 
imaging studies and some patients have evaluable but 
not measurable disease. Serum cancer antigen (CA) 15-3 
levels are used as a marker of disease bulk in monitor-
ing metastatic disease and for the preclinical detection 
of tumour recurrence (Ali et  al. 2002). The American 
Society of Clinical Oncology (ASCO) guidelines address 
the value of this serum marker at detecting recurrence; 
there are no prospective randomized clinical trials to 
demonstrate whether detection and treatment of occult 
or asymptomatic metastases using tumour markers 
impact on the most significant outcomes (Harris et al. 
2007).

In this study, we evaluated the ability of serum tumour 
markers in predicting metastatic breast cancer outcome 

and the relationship between the serum CA 15-3 levels 
and clinicopathological parameters.

Methods

Ethical consideration

The data were collected retrospectively and approved by 
our institutional ethical committee.

Study population

Between June 2004 and January 2007, the data of 129 
consecutive female patients who were diagnosed as 
breast carcinoma with isolated bone metastases were 
identified. The inclusion criteria of the patients who were 
treated in Ankara Oncology Education and Research 
Hospital were patients with unilateral breast cancer and 
patients without concomitant cancer. Bone metastasis 
was diagnosed by imaging modalities. Histopathological 
bone examination was used only for patients who had 
pathological bone fractures. The bone metastases in 42 
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patients (32.6%) were synchronous (the patients were 
found to have isolated bone metastases at the time of 
or within 6 months of breast cancer diagnosis) and in 
87 patients (67.4%) were metachronous (bone metas-
tases developed in the patients only after breast cancer 
surgery). A chemiluminescent enzyme immunoassay 
was used to measure serum CA 15-3 levels. All patients 
had routine measurement of serum CA 15-3 levels and 
measurements were repeated at the time of clinic visits. 
The cut-off limit was established at 30.0 U ml−1 which is 
the upper limit of normality. These patients were classi-
fied into two groups depending on the serum CA 15-3 
levels at the bone metastasis development time. Group 
I (n = 48) and group II (n = 81) were defined according 
to tumour marker levels that were normal or elevated, 
respectively.

Compared parameters

Age, menopausal status, development time of bone 
metastasis (synchronous or metachronous), histological 
type, tumour size, grade, estrogen receptor (ER), pro-
gesterone receptor (PR) and human epidermal growth 
factor 2 (HER-2/neu) receptor status, systemic treat-
ment modalities received and the response to systemic 
treatments were compared in each group. The status 
of ER, PR and Her-2/neu proteins were examined by 
immunochemistry. ER and PR status were categorized 
as positive when ≥10% of tumour cells expressed ER or 
PR. HER-2/neu protein expression was evaluated on 
staining pattern (0, +, 2+, and 3+) and HER-2/neu 2+ was 
considered positive if fluorescence in situ hybridization 
or silver-enhanced in situ hybridization was positive. 
The effects of serum Ca 15-3 levels and other effective 
parameters on time to progression and overall survival 
were investigated.

Systemic treatment

Systemic hormonal and/or cytotoxic therapy was given 
to the patients after the diagnosis of isolated bone metas-
tases. Hormonal therapy only was used in 73 patients. 
Tamoxifen for the premenopausal patients and tamoxifen 
or aromatase inhibitors for the postmenopausal patients 
were preferred. Chemotherapy only was used in 19 
patients. The remaining 37 patients received chemo-
therapy and hormonal therapy. First-line, anthracycline-
containing regimens were preferred. The FAC regimen 
(5-fluorouracil 600 mg m−2 intravenously (i.v.) day 1, dox-
orubicin 60 mg m−2 i.v. day 1, cyclophosphamide 600 mg 
m−2 i.v. day 1, and every 3 weeks for six cycles) was used 
in 25 patients who received chemotherapy. Four patients 
received the TAC regimen (docetaxel 75 mg m−2 i.v. day 
1, doxorubicin 60 mg m−2 i.v. day 1, cyclophosphamide 
600 mg m−2 i.v. day 1, and every 3 weeks for six cycles) and 

the remaining patients received four cycles of FAC and 
four cycles of the TAC regimen. Trastuzumab was used 
for the patients whose Her-2/neu gene amplification was 
positive. Also, 76.3% of patients were given zoledronate 
4 mg intravenously monthly and 23.7% of patients were 
given 1600 mg oral clodronate daily. Twenty-four patients 
required palliative radiotherapy at some time during the 
course of their disease

Follow-up procedure

Follow-up for all patients included history taking, a physi-
cal examination of the breast and axilla, and laboratory 
tests, including CA 15-3, liver function tests, full blood 
count at 3–6 month intervals, and annual bone scan and 
mammography with ultrasound. Other imaging studies 
were done only on the basis of symptoms or physical 
findings.

Disease progression

The appearance of new lesions on imaging studies, > 30% 
increase in serum CA 15-3, and/or alkaline phosphates 
levels that lasted for > 2 months (in osteolytic metastases), 
and the progression of disease-related symptoms were 
considered as symptoms of progressive disease. If there 
was disease progression especially in the first 6 months, 
it was considered as a failure to respond to systemic 
treatment.

Statistical analyses

The χ2 test or the Fisher’s exact test was used to compare 
the distribution of patient demographic characteristics 
and tumour-related characteristics between the groups. 
Univariate survival curves for disease-free survival and 
death were estimated by using the Kaplan–Meier method; 
group differences in survival time were tested by the log-
rank test. Multivariate Cox regression analysis was carried 
out to compare and identify independent prognostic fac-
tors for disease-free survival and death and to calculate 
risk ratios. All significant parameters in univariate analy-
ses were entered into a multivariate model and excluded 
for p-value >0.05. SPSS for Windows (version 13.0) was 
used for all statistical analyses.

Results

Serum CA 15-3 levels were elevated in 62.8% of patients 
when isolated bone metastases were diagnosed. When 
the data collection was completed in July 2009, the 
patients had a median follow-up of 38 months (range 
8–105) after the diagnosis of bone metastases. The groups 
and the comparison results are shown in Table 1. The two 
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groups were similar when patients’ tumour characteris-
tics and systemic treatment modalities were compared. 
The effectiveness of chemotherapy between the groups 
after developing bone metastases was analysed. In the 
first 6 months, there was chemotherapy resistance in 10 
out of 48 patients in group I and 27 out of 81 patients in 
group II which was not found to be statistically significant 
(p = 0.54).

The patients who had normal and elevated serum 
Ca 15-3 levels were compared for time to progression 
and overall survival. The survey graphics are given in  
Figures 1 and 2. Clinical progression was observed in 
40 out of 48 patients (83.3%) in group I and 79 out of 
81 patients (97.5%) in group II during follow-up time. 
Localization of progressive disease was compared, and 
the outcomes are given in Table 2. Although, the visceral 
progression was disproportionately more frequent in the 
elevated CA 15-3 group compared with the normal CA 
15-3 group, the difference was not significant (p = 0.14).

The age, menopausal status, development time of bone 
metastasis, histological type, tumour size, grade, ER, PR 

and Her-2/neu receptors, and serum CA 15-3 levels were 
examined as the factors that affected the overall survival 
and time to progression of the patients. Serum CA 15-3 
level (p = 0.001, relative risk (RR) 2.00, 95% confidence 
interval (CI) 1.35–2.96) was the only parameter which 
affected time to progression. For overall survival, related 
risk factors based on the univariate analysis are given 
Table 3. In multivariate analysis, the serum CA 15-3 level 
(p = 0.003, RR 2.51, 95% CI 1.36–4.64) was found to be an 
independent factor associated with overall survival. At 
the end of the study period, 34 patients (70.8%) in group 
I and 33 patients in group II (40.7%) were still alive. The 
death ratio (p = 0.001, RR 1.57, 95% CI 1.19–2.07) was high 
in the second group.

Discussion

Tumour markers, such as CA 15-3 and carcinoembry-
onic antigen have been evaluated as predictive param-
eters in patients’ outcome and treatment response. 

Table 1.  Comparison criteria between the groups of breast cancer patients with isolated bone metastasis.

 
Normal CA 15-3 levels  

Group I (n = 48)
Elevated CA 15-3 levels  

Group II (n = 81) p-Value

Age of metastatic patients (years), mean 52 ± 14 51 ± 12 0.82

Menopausal status Pre 21 (43.8) 31 (38.3) 0.54

Post 27 (56.2) 50 (61.7)

Development time  
of bone metastases

Synchronous  
Metachronous

15 (31.2) 27 (33.3) 0.80

33 (68.8) 54 (66.7)

Histological type IDC 44 (91.6) 67 (82.7) 0.32

ILC 3 (6.3) 12 (14.8)

(IDC+ILC) 1 (2.1) 2 (2.5)

Tumour size T1–2 27 (56.3) 40 (49.4) 0.58

T3–4 20 (41.6) 37 (45.7)

Tx 1 (2.1) 4 (4.9)

Bloom–Richardson grade Grade 1 _ _ 0.54

Grade 2 28 (58.3) 46 (56.8)

Grade 3 18 (37.5) 30 (37.0)

(Unknown) 2 (4.2) 5 (6.2)

ER status (-) 8 (16.7) 14 (17.3) 0.74

(+) 36 (75.0) 63 (77.8)

(Unknown) 4 (8.3) 4 (4.9)

PR status (-) 14 (29.2) 24 (29.6) 0.83

(+) 25 (52.1) 45 (55.6)

(Unknown) 9 (18.7) 12 (14.8)

cerbB2/neu (-) 24 (50.0) 48 (59.3) 0.98

(+) 9 (18.7) 18 (22.2)

Unknown 15 (31.3) 15 (18.5)

Systemic treatment HT 31 (64.6) 42 (51.9) 0.19

CT 4 (8.3) 15 (18.5)

CT+HT 13 (27.1 ) 24 (29.6)

IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; ER, estrogen receptor; PR, progesterone receptor; HT, hormonotherapy; CT, 
chemotherapy.
Values are n (%) unless otherwise indicated.
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The sensitivity of these markers is low, so that they are 
not useful screening tools (Harris et al. 2007). In addi-
tion, tumour marker levels tend to increase as tumour 
progression occurs; therefore, it has limited diagnostic 

use. In 2007, the American Society of Clinical Oncology 
guidelines recommended that the serum CA 15-3 lev-
els contributed to therapy for metastatic breast cancer. 
Present data are insufficient to recommend the use of 
CA 15-3 alone for monitoring the treatment response. 
CA 15-3 can be used in conjunction with diagnostic 
imaging, history and physical examination. However, 
the guidelines also stated that in exceptional circum-
stances, such as the presence of bone metastasis, 
which are difficult to evaluate clinically, the marker 
levels may be able to support the clinical influence 
of the disease status (Duffy 2006, Harris et  al. 2007). 
In contrast to the ASCO panel, both the National 

Table 3.  Overall survival: related risk factors based on the univariate 
analysis.

 n % p-Value

Age of metastatic 
patients, mean 
51.5 ± 12.7 years

129 100 0.001

Menopausal status

Pre 52 40.3 0.03

Post 77 59.7

Serum CA 15-3 levels

Normal 48 37.2 0.006

High 81 62.8

Development time of 
bone metastases

Synchronous 42 32.6 0.17

Metachronous 87 67.4

Histological type

IDC 11 85.9

ILC 11 11.7 0.69

(IDC+ILC) 53 2.4

Tumour size

T1–2 67 51.9 0.37

T3–4 57 44.2

Tx 5 3.9

Bloom–Richardson 
grade

Grade 2 74 57.4

Grade 3 48 37.2 0.66

(Unknown) 7 5.4

ER status

(-) 22 17.1

(+) 99 76.7 0.70

(Unknown) 8 6.2

PR status

(-) 38 29.5

(+) 70 54.3 0.16

(Unknown) 21 16.2

cerbB2/neu

(-) 72 55.8

(+) 27 20.9 0.37

Unknown 30 23.3

IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; ER, 
estrogen receptor; PR, progesterone receptor.Table 2.  First progression area after bone metastasis.

 

Normal CA 15-3 
levelsGroup I  

(n = 48)

Elevated CA 15-3  
levelsGroup II  

(n = 81) p-Value

Bone 25 40 0.14

Local 3 4

Visceral 7 20

Local and 
visceral

2 2

Bone and 
visceral

3 13

0.0

0.00 20.00

Group 2
Group 1

P=0.006

40.00 60.00

Overall survival (months)

S
ur

vi
va

l p
ro

ba
bi

lit
y

80.00

0.2

0.4

0.6

0.8

1.0

Figure 2.  The effect of serum CA 15-3 levels on overall survival 
(Kaplan–Meier curve) after bone metastasis.
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Figure 1.  The effect of serum Ca 15-3 levels on time to progression 
(Kaplan–Meier curve) after bone metastasis.
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Academy of Clinical Biochemistry and the European 
Group on Tumor Markers Panels recommended the 
use of CA 15-3 for monitoring therapy in patients with 
advanced breast cancer (Molina et  al. 2005, Fleisher 
et al. 2002).

While a number of previously published studies have 
shown that CA 15-3 is an adverse prognostic marker in 
breast cancer, this study shows this to be the case at the 
time isolated bone metastasis is first detected. Several 
studies demonstrated that circulating markers have 
prognostic relevance in early-stage breast cancer (Park 
et al. 2008, Uehara et al. 2008, Kumpulainen et al. 2002, 
Ebeling et al. 2002, Gion et al. 2002). In one of the stud-
ies, which included 1046 patients, Ebeling et al. (2002) 
reported CA 15-3 to be a predictor of worse outcome 
in univariate but not multivariate analysis, including 
tumour size, lymph node status, histological grade and 
ER status. Park et  al. (2008) studied 740 patients with 
tumour stage I–III and defined that elevated CA 15-3 
values were associated with poor disease-free survival 
and also with overall survival. However, in tumour 
stage-matched analysis, elevated CA 15-3 levels showed 
significantly poorer disease-free survival and margin-
ally poorer overall survival in stage III. In another study 
including 1465 operable breast cancer patients by Uehara 
et al. (2008), the serum CA 15-3 levels had significance 
in prognosis only in stage II disease. A single study men-
tions that CA 15-3 levels do not have prognostic value in 
patients with negative axillary nodal metastases (Molina 
et al. 2003).

CA 15-3 levels are predictive for response and disease 
recurrence in following treatment of locally advanced 
breast cancer (Al-azari et  al. 2006). Elevated CA 15-3 
level is predictive for a poor response to chemotherapy 
but this study did not demonstrate an association 
between the tumour marker levels and systemic treat-
ment response.

The importance of CA 15-3 in metastatic breast can-
cer has been studied prospectively (Tampellini et  al. 
1997). In univariate analysis, low CA 15-3 together with 
the absence of visceral metastasis and presence of only 
one metastatic site had a positive prognostic influence. 
In the Cox proportional hazard analysis, CA 15-3 was 
not an effective parameter in survival. This study 
reveals that if high levels of CA 15-3 are determined at 
the time of bone metastasis in breast cancer patients 
then the disease has a poor prognosis. However, it 
was shown that the use of an intensive follow-up 
programme or monitoring the marker levels failed to 
improve survival (GIVIO 1994, Rosselli del Turco et al. 
1994, Rojas et al. 2005).

This study is important because of the applied uni-
form treatment of patients by a single institute as well 
as the study period comprising past years. In addition, 

this study consists of only bone metastatic patients. 
Bone-only disease is hard to follow clinically because 
of the non-measurable disease and the use of CA 15.3 
in combination with it can be beneficial. The limitation 
of this study may be the high percentage of the patients 
(23.3%) who had unknown Her2/neu receptor status.

In conclusion, the present data show that elevated 
serum CA 15-3, determined when isolated bone metasta-
sis is first detected in women with breast cancer, serves as 
a marker of poor prognosis of time to further progression 
of disease and of overall survival

Acknowledgements

We thank Murat Ulvi Yüksel for his editorial assistance.

Declaration of interest

The authors report no conflicts of interest. The authors 
alone are responsible for the content and writing of the 
paper.

References

Al-azawi D, Kelly G, Myers E, McDermott EW, Hill AD, Duffy MJ, 
Higgins NO. (2006). CA 15-3 is predictive of response and dis-
ease recurrence following treatment in locally advanced breast 
cancer. BMC Cancer 5:220.

Ali SM, Leitzel K, Chinchilli VM, Engle L, Demers L, Harvey HA, 
Carney W, Allard JW, Lipton A. (2002). Relationship of serum 
HER-2/neu and serum CA 15-3 in patients with metastatic breast 
cancer. Clin Chem 48:1314–20.

Duffy MJ. (2006). Serum tumor markers in breast cancer: are they of 
clinical value? Clin Chem 52:345–51.

Ebeling FG, Stieber P, Untch M, Nagel D, Konecny GE, Schmitt UM, 
Fateh-Moghadam A, Seidel D. (2002). Serum CEA and CA 15-3 
as prognostic factors in primary breast cancer. Br J Cancer 
86:1217–22.

Fleisher M, Dnistrian AM, Sturgeon CM, Lamerz R, Wittliff J. (2002). 
Practice guidelines and recommendations for use of tumor 
markers in the clinic. In: Diamindis EP, Fritsche H, Scharwtz 
MK, Chan DW, eds. Tumor Markers, Physiology, Path biology, 
Technology and Clinical Applications. Chicago: AACC Press.  
p. 33–63.

Gion M, Boracchi P, Dittadi R, Biganzoli E, Peloso L, Mione R,  
Gatti C, Paccagnella A, Marubini E. (2002). Prognostic role of 
serum CA15.3 in 362 node-negative breast cancers: an old player 
for a new game. Eur J Cancer 38:1181–8.

GIVIO Investigators. (1994). Impact of follow-up testing on survival 
and health-related quality of life in breast cancer patients. A mul-
ticenter randomized controlled trial. JAMA 271:1587–92.

Harris L, Fritsche H, Mennel R, Norton L, Ravdin P, Taube S,  
Somerfield MR, Hayes DF, Bast RC Jr. (2007). American Society of 
Clinical Oncology 2007 update of recommendations for the use of 
tumor markers in breast cancer. J Clin Oncol 25:5287–312.

Kumpulainen EJ, Keskikuru RJ, Johansson RT. (2002). Serum tumor 
marker CA 15.3 and stage are the two most powerful predic-
tors of survival in primary breast cancer. Breast Cancer Res Treat 
76:95–102.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

Pe
ki

ng
 U

ni
ve

rs
ity

 o
n 

11
/1

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Serum CA 15-3 in metastatic breast cancer    423

Molina R, Barak V, van Dalen A, Duffy MJ, Einarsson R, Gion M,  
Goike H, Lamerz R, Nap M, Sölétormos G, Stieber P. (2005). 
Tumor markers in breast cancer – European Group on Tumor 
Markers recommendations. Tumour Biol 26:281–93.

Molina R, Filella X, Alicarte J, Zanon G, Pahisa J, Munoz M,  
Farrus B, Ballesta AM (2003). Prospective evaluation of CEA and 
CA 15.3 in patients with locoregional breast cancer. Anticancer 
Res 23:1035–41.

Park BW, Oh JW, Kim JH, Park SH, Kim KS, Kim JH, Lee KS. (2008). 
Preoperative CA 15-3 and CEA serum levels as predictor for 
breast cancer outcomes. Ann Oncol 19:675–81.

Rojas MP, Telaro E, Russo A, Moschetti I, Coe L, Fossati R, Palli D, del 
Roselli TM, Liberati A. (2005). Follow-up strategies for woman 
treated for early breast cancer. Cochrane Database Syst Rev 
25:CD001768.

Rosselli del Turco M, Palli D, Cariddi A, Ciatto S, Pacini P,  
Distante V. (1994). Intensive diagnostic follow-up after treat-
ment of primary breast cancer. A randomized trial. National 
Research Council Project on Breast Cancer follow-up. JAMA 271: 
1593–7.

Tampellini M, Berruti A, Gerbino A, Buniva T, Torta M, Gorzegno G,  
Faggiuolo R, Cannone R, Farris A, Destefanis M, Moro G,  
Deltetto F, Dogliotti L. (1997). Relationship between CA 15-3 
serum levels and disease extent in predicting overall survival of 
breast cancer patients with newly diagnosed metastatic disease. 
Br J Cancer 75:698–702.

Uehara M, Kinoshita T, Hojo T, Akashi-Tanaka S, Iwamoto E,  
Fukutomi T. (2008). Long-term prognostic study of carcinoem-
bryonic antigen (CEA) and carbohydrate antigen 15-3 (CA 15-3) 
in breast cancer. Int J Clin Oncol 13:447–51.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

Pe
ki

ng
 U

ni
ve

rs
ity

 o
n 

11
/1

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


	Prognostic role of serum cancer antigen 15-3 in breast cancer patients with isolated bone metastases
	Abstract
	Introduction
	Methods
	Ethical consideration
	Study population
	Compared parameters
	Systemic treatment
	Follow-up procedure
	Disease progression
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	References


