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Abstract
Background: Primary chemotherapy (PC) is used for down-staging locally advanced breast cancer
(LABC). CA 15-3 measures the protein product of the MUC1 gene and is the most widely used
serum marker in breast cancer.
Methods: We retrospectively investigated the role of CA 15-3 in conjunction with other clinicopathological variables as a predictor of response and time to disease recurrence following
treatment in LABC. Pre and post primary chemotherapy serum concentrations of CA 15-3
together with other variables were reviewed and related to four outcomes following primary
chemotherapy (clinical response, pathological response, time to recurrence and time to
progression). Persistently elevated CA 15-3 after PC was considered as consecutively high levels
above the cut off point during and after PC.
Results: 73 patients were included in this study. Patients received PC (AC or AC-T regimen) for
locally advanced breast cancer. 54 patients underwent surgery. The median follow up was 790 days.
Patients with high concentrations of CA 15-3 before PC treatment had a poor clinical (p = 0.013)
and pathological (p = 0.044) response. Together with Her-2/neu expression (p = 0.009) and tumour
lympho-vascular space invasion (LVI) (p = 0.001), a persistently elevated CA 15-3 post PC (p =
0.007) was an independent predictive factor of recurrence following treatment in LABC.
Conclusion: Elevated CA 15-3 level is predictive of a poor response to chemotherapy. In addition,
persistently elevated CA 15-3 levels post chemotherapy in conjunction with lympho-vascular
invasion and HER2 status predict a reduced disease free survival following treatment in locally
advanced breast cancer.

Background
A significant number of women present with locally

advanced breast cancer (LABC) despite efforts to promote
public awareness. The use of Primary chemotherapy (PC)
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was initially introduced in patients with LABC, and was
first reported in 1978 as part of a multidisciplinary
approach [1]. Many studies have subsequently demonstrated the benefits of PC in this setting [2,3]. Much interest has focused on the role of molecular and biological
markers in predicting response to PC [4-7], however the
precise role of these markers remains controversial. CA
15-3 is a serum-based product of the MUC1 gene and is
the most widely used serum marker for breast cancer [8].
Its preoperative levels predict adverse outcome in node
negative and node positive breast cancer [9]. Kurebayashi
et al have demonstrated that CA 15-3 may have a role in
monitoring response to chemotherapy in LABC [10]. This
was reinforced by Duffy et al, who suggested that the most
important role for CA 15-3 is in monitoring therapy in
patients with advanced breast cancer [9,11]. However the
precise role of CA15.3 in predicting response to PC and
time to disease recurrence in patients with LABC following both PC and surgery is ill defined. Here we provide
evidence to support a role for CA15.3 in both conditions.

conserving surgery. Postoperatively all patients received
adjuvant chemotherapy (CMF regimen) and post operative radiotherapy.

Methods

CA15-3 levels
Serum CA 15-3 was measured by ELISA (ES300/Elecsys
2010; Roche Diagnostics). Variation was <6% for commercial control sera (Preci Controls; Roche Diagnostics).
CA 15-3 concentrations were stratified using a cut off
value of 30 kilo units/L [9,13]. Serum CA 15-3 levels were
estimated at the time of diagnosis, following each cycle of
PC and every three months following surgery. A persistently elevated CA 15-3 after chemotherapy is defined as
consecutive high levels of CA15-3 serum samples (steadily
rising or fluctuating levels) above the cut off point at the
time of completion of PC during the mentioned follow up
period prior to surgery.

73 patients who presented with LABC between January
1999 and May 2005 were included. All patients received
primary chemotherapy in the oncology day clinic at St.
Vincent's University Hospital, Dublin, Ireland. All
patients were free from metastatic disease at the time of
diagnosis as determined by bone scanning, liver ultrasonography and chest x-ray. The histological diagnosis
was established either by core biopsy or excisional biopsy.
Data was obtained by reviewing the medical records of
these patients. The hospital local ethics committee
approval was obtained for the study.
Primary chemotherapy
Earlier patients 48 (65.7%) were treated with 6 cycles of
AC (Doxorubicin 60 mg/m2 and Cyclophosphamide 600
mg/m2 at day one and repeated every 21 days). Later
patients 25 (34.2%) were treated with 4 cycles of AC followed by 4 cycles of Docetaxol 75 mg/m2 every 21 days).
Clinical response (CR)
Patients' response to PC was assessed by regular clinical
examinations during which the clinical progress was documented at each visit. The UICC criteria were used to
assess the clinical response [5]. Patients were divided into
complete or partial responders or as having static or progressive disease.
Surgery
Prior to surgery all patients were regularly assessed for
response both clinically and radiologically. All suitable
patients underwent surgery within 6–8 weeks after completion of PC. Fifty two patients underwent a modified
radical mastectomy and two patients underwent breast

Clinicopathological parameters
Variables analysed include tumour size, histological subtypes, tumour grade, tumour stage, ER and Her-2/neu status. ER status was determined by immunohistochemistry
using rabbit antihuman ERα antibody. Her2/neu status
was evaluated using the Dako Hercep Test immunocytochemical assay. In tumor samples scoring +2 with the Hercep test, Her-2 status was confirmed by fluorescent in-situ
hybridization (FISH) test.
Pathological response (PR)
Chevallier's classification was used to evaluate pathological response to PC [12]. Tumour size, lymph node
involvement, evidence of lymphovascular space invasion
(LVI), DCIS and tumour response to PC were documented.

Statistical analysis
SAS version 8.2 statistical program (SAS Institute, Cary,
North Carolina, USA) was used in the statistical analysis.
The clinical response was re-evaluated as follow: the complete and partial clinical response was considered as a
good response while the static and progressive response
was considered as a poor response [5]. The pathological
response grading was also re-evaluated: Grade I and II
were considered as a good PR and grades III and IV as a
poor PR [14]. Univariate analysis was performed using
Fisher's exact test for categorical variables and Wilcoxon's
test for continuous variables. Multivariate analysis was
carried out using Cox's proportional hazard model. A Pvalue of less than 0.05 was considered to be significant.

Results
Seventy three patients received primary chemotherapy for
LABC. The mean age was 52.3 years with a range from 26
to 96 years. The mean tumour size was 4.9 cm with a
range from 2–10 cm. The median follow up was 790 days.
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late with any of the clinico-pathological parameters studied (Table 2).

Table 1: Pathological parameters of the tumours in the
investigated group.

Inflammatory carcinoma
Tumour type
Ductal
Lobular
Mixed
Tumour grade
I
II
III
LVI
Stage of the tumour
2
3
4

Number

%

24

32.8

61
8
4

83.5
10.9
5.4

1
27
45
26

1.37
36.9
61.6
35.6

11
60
2 (SCL)

15
82.1
2.7

SCL (supraclavicular lymph nodes)

Table 1 illustrates the pathological parameters of tumours
in the studied group. The chemotherapeutic regimens
used did not influence the outcome.
Tumour markers
Twenty four patients had high serum levels of CA15-3
prior to chemotherapy. After completion of PC the serum
concentrations of CA 15-3 normalised in four patients,
one of these patients had bilateral inflammatory breast
cancer and did not undergo further surgery. The other
three patients underwent surgery and demonstrated a
favourable pathological response. All four patients were
alive at the end of the study with no disease recurrence.
Pre and post chemotherapy CA 15-3 levels did not corre-

Clinical response
The seventy three patients were categorised into four
groups according the UICC criteria based on response to
PC recorded on regular clinical examinations. A complete
clinical response was seen in 6 (8.2%) patients, partial
clinical response in 38 (52%) patients with no change
(stasis) from the original size in 24 (32.8%) patients and
progression in 5 (6.8%) patients. Multivariate analysis did
not show significance, however univariate analysis
showed that tumour stage (p = 0.014) and high levels of
serum CA15-3 before PC (p = 0.013) were significantly
associated with a poor clinical response to PC. Table (3)
demonstrates the relationship of poor clinical response to
the studied clinico-pathological variables.
Pathological response
Fifty four patients underwent surgery. At the end point of
the study, 19 patients were either awaiting surgery or were
deemed unsuitable for surgery. Using Chevallier's classification there was a complete pathological response grade I,
in 4 (7.5%) patients. Five patients (9.4%) had a grade II
response, 21 (39.6%) patients had a grade III response
and 24 (45.2%) patients had a grade IV response. Groups
I and II were compared with groups III and IV. Multivariate analysis failed to show significant relation between
pathological response and other variables. Tumour size,
the presence of lympho-vascular space invasion and high
levels of serum CA 15-3 before PC (p = 0.001, p = 0.034
and p = 0.044 respectively) were significantly associated
with an adverse pathological response to PC by univariate
analysis. Table (3) demonstrates the relationship of poor
pathological response to the clinico-pathological variables studied.

Table 2: The relation of high CA 15-3 concentration with the clinico-pathological variables analyzed.

Tumour size
<2.5 cm
>2.5 cm
Tumour histology
Ductal
Lobular
Mixed
Tumour stage
II
III
IV
Her2/neu positive
ER positive
LVI

High CA 15-3 before PC

p value

High CA 15-3 after PC

p value

2/24(8.3%)
22/24(91.6%)

0.627

2/22(9.1%)
20/22(90.9%)

0.884

19/24(79.1%)
4/24(16.6%)
1/24(4.1%)
2/24(8.3%)
20/24(83.3%)
2/24(8.3%)
5/24 (20.8%)
14/24(58.3%)
10/24(41.6%)

0.533

0.266
0.487
1.000
0.603

18/22(81.8%)
3/22(13.6%)
1/22(4.5%)
1/22(4.5%)
20/22(90.9%)
1/22(4.5%)
5/22(22.7%)
12/22(54.5%)
11/22(50%)

0.875

0.256
1.000
0.796
0.114

Fisher's exact test was used for categorical variables and Wilcoxon's test for continuous variables. A P-value of less than 0.05 was considered to be
significant. LVI (lympho-vascular space invasion) and PC (primary chemotherapy).
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Table 3: The relation of poor clinical and pathological response to the clinico-pathological variables.

Tumour size
<2.5 cm
>2.5 cm
Tumour Histology
Ductal
Lobular
Mixed
Tumour stage
II
III
IV
Her2/neu positive
ER positive
LVI
CA 15-3 before PC
CA 15-3 after PC

Poor clinical Response

p value

1/29(3.4%)
28/29(96.5%)

0.052

26/29(89.6%)
1/29(3.4%)
2/29(6.8%)
2/29(6.8%)
24/29(82.7%)
3/29(10.3%)
8/29(27.5%)
18/29(62.1%)
13/29(44.8%)
13/29(50%)
14/29(46.2%)

0.216

0.014
0.410
0.396
0.141
0.013
0.012

Poor pathological
Response

5/45(11%)
40/45(88.8%)

p value

0.001

40/45(74%)
2/45(3.7%)
3/45(5.5%)

0.187

8/45(17.7%)
37/45(82.2%)
Non
8/45(17.7%)
32/45(91.4)
23/45(51.1%)
17/45(37.7%)
16/45(35.5%)

0.26
0.26
0.666
0.052
0.034
0.044
0.045

Fisher's exact test was used for categorical variables and Wilcoxon's test for continuous variables. A P-value of less than 0.05 was considered to be
significant. LVI (lympho-vascular space invasion) and PC (primary chemotherapy).

Time to recurrence
Fifteen patients (20.5%) developed disease recurrence
after surgery during the study period; 5 patients developed
loco-regional recurrence and 10 patients developed distant organ metastasis. Ten of those who developed recurrence died from breast cancer. The median time to
recurrence was 630 days. Six patients of those with disease
recurrence had high levels of CA 15-3 before PC while
high post PC levels were found in nine patients. Using a
multivariate Cox proportional hazard analysis we found
that the presence of tumour LVI, Her-2/neu expression
and the presence of high serum levels of CA15-3 after PC
(p = 0.001, p = 0.009 and p = 0.007 respectively) were
three independent risk factors that significantly predict
time to disease recurrence after treatment in LABC, figures
1, 2 and 3 respectively.
Time to progression (TTP)
TTP was defined as the time from the initiation of treatment till the disease progressed or death. Eighteen
patients had their disease progressed (15 patients had disease recurrence after surgery and three patients developed
disease progression after PC). Using Wilcoxon test high
levels of CA 15-3 before PC showed a borderline association with TTP (P = 0.0575). However there was a significant relation between high levels of CA 15-3 after PC and
TTP (p = 0.0001). No association was found between the
pathological response and TTP (P = 0.3408). However a
strong relation was found between the clinical response
and TTP (p = 0.0001).

Discussion
CA 15-3 is a serum based product for the MUC1 gene.
While CA 15-3 levels have previously been demonstrated
to predict outcome in LABC [15]. Its precise role defined
by clinical response, pathological response and disease
recurrence following PC treatment requires definition. In
a recent review Duffy et al concluded that the most important application of CA 15-3 is in monitoring therapy in
patients with advanced breast cancer [11]. Expert panels
such as NACB and EGTM recommend the routine use of
CA 15-3 in monitoring therapy in patients with LABC
[16,17]. In contrast the routine use of CA 15-3 in LABC is
not recommended by the ASCO panel [18]. Here we provide evidence to support a role for CA 15-3 in LABC.
Much interest has focused on predictors of response to
treatment in LABC. Chang et al and Mauriac et al [19,20]
showed a favourable outcome in ER negative patients following treatment for LABC. We found no relation
between ER and clinical response however a borderline
relation was found between ER positive patients and poor
pathological response p = 0.052 (table 3), a larger sample
of patients may be needed to show a significant relation.
However these markers all require tumour tissue. CA 15-3
has the advantage of being a serum based marker and
therefore its measurement is less invasive. Kurebayashi et
al demonstrated that in pre-treatment CA15-3 positive
patients changes in CA 15-3 levels after systemic therapy
correlated with response to treatment [10]. Here we show
that a high CA 15-3 level before PC along with advanced
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significantly
Kaplan-Meiers
0.001 Cox
Figure
1 model)
associated
survival with
curveshorter
shows time
that presence
to recurrence
of LVI(pis=
Kaplan-Meiers survival curve shows that presence of LVI is
significantly associated with shorter time to recurrence (p =
0.001 Cox model).

tumour stage predict a poor clinical response to chemotherapy. A poor pathological response to chemotherapy is
predicted by elevated pre chemotherapy CA 15-3 levels,
large tumour size and the presence of lympho-vascular
invasion. Kurebayashi et al also demonstrated that a
greater than 20% reduction in CA 15-3 levels following
treatment was a favourable predictive factor for time to
disease progression during systemic therapy. In this study
we found that post chemotherapy high CA 15-3 levels
were associated with reduced time to disease progression.
We used a Cox proportional hazards model to identify
predictors of recurrence following both chemotherapy
and surgery in LABC. Detection of conventional markers
such as tumour size, lympho-vascular invasion and hormone receptor status in addition to more recent parameters such as HER2, KI-67 and p53 have all been associated
with outcome in LABC [19,20,4]. We found that lymphovascular invasion, HER2 status and elevated CA15-3 levels
post chemotherapy were independent predictors of a poor
outcome. De La Lande et al reported a relation between
CA 15-3 lead time and prognosis [21]. In this study we
report a predictive value of high CA 15-3 levels in LABC
following PC in relation to TTP and recurrence after surgery. These findings may have important implications as
they suggest that surgery may be of minimal benefit in
patients who have persistently elevated CA15-3 levels following chemotherapy in LABC. It is not surprising that
HER2 status is an independent predictor of poor outcome
and this subgroup of patients would undoubtedly benefit
from Herceptin.

http://www.biomedcentral.com/1471-2407/6/220

Figure
Kaplan-Meiers
receptor
(p
= 0.009
2was
Cox
associated
survival
model)curve,
with athe
decrease
expression
in disease
of Her-2/neu
free time
Kaplan-Meiers survival curve, the expression of Her-2/neu
receptor was associated with a decrease in disease free time
(p = 0.009 Cox model).

Conclusion
Elevated CA 15-3 levels predict a poor response to primary
chemotherapy in locally advanced breast cancer. In addition persistent elevation of CA 15-3, post chemotherapy,
in conjunction with the presence of lympho-vascular
invasion and HER2 positivity predict a reduced disease
free survival following treatment in locally advanced
breast cancer.

Competing interests
The author(s) declare that they have no competing interests.

Authors' contributions
DA carried out data collection, designed the study and
drafted the manuscript. GK participated in the design of
the study and performed the statistical analysis. EM participated in the design of the study and helped to draft the
manuscript. EW participated in its design, coordination
and helped to draft the manuscript. AH conceived of the
study, participated in its design, coordination and helped
to draft the manuscript. All authors read and approved the
final manuscript.

Page 5 of 7
(page number not for citation purposes)

BMC Cancer 2006, 6:220

http://www.biomedcentral.com/1471-2407/6/220

8.
9.

10.

11.
12.

13.

14.

15.

a levels
b=≥ 0.007
Figure
Cox
L)
Kaplan-Meiers
els
was
ofmodel)
CA15-3
associated
3
(CA15-3
survival
with curve
early
disease
shows
≤ 30 KU/L,
post
recurrence
PC
CA15-3
high(pserum
30 levKU/
Kaplan-Meiers survival curve shows post PC high serum levels of CA15-3 (CA15-3a levels ≤ 30 KU/L, CA15-3b ≥ 30 KU/
L) was associated with early disease recurrence (p = 0.007
Cox model).

16.

17.
18.

Acknowledgements
We would like to thank Dr. Leonie Young and Dr. Marie Mc Ilroy who are
funded by the Royal College of Surgeons in Ireland for their contribution in
the revision of the manuscript.

References
1.

2.
3.
4.

5.

6.

7.

De Lena M, Zucali R, Viganotti G, Valagussa P, Bonadonna G: Combined chemotherapy-radiotherapy approach in locally
advanced (T3b-T4) breast cancer. Cancer Chemother Pharmacol
1978, 1:53-9.
Wolff AC, Davidson NE: Preoperative Therapy in Breast Cancer: Lessons from the Treatment of Locally Advanced Disease. The Oncologist 2002, 7:239-245.
Schwartz G: Neoadjuvant induction chemotherapy. Minerva
Ginecol 2005, 57(3):327-48.
Kandioler-Eckersberger D, Ludwig C, Rudas M, Kappel S, Janschek E,
Wenzel C, Schlagbauer-Wadl H, Mittlbock M, Gnant M, Steger G,
Jakesz R: TP53 mutation and p53 over expression for prediction of response to neoadjuvant treatment in breast cancer
patients. Clin Cancer Res 2000, 6:50-6.
Ogston KN, Miller ID, Schofield AC, Spyrantis A, Pavlidou E, Sarkar
TK, Hutcheon AW, Payne S, Heys SD: Can patients' likelihood of
benefiting from primary chemotherapy for breast cancer be
predicted before commencement of treatment? Breast Cancer
Res Treat 2004, 86:181-189.
Makris A, Powles TJ, Dowsett M, Osborne CK, Trott PA, Fernando
IN, Ashley SE, Ormerod MG, Titley JC, Gregory RK, Allred DC: Prediction of response to neoadjuvant chemoendocrine therapy
in primary breast carcinomas. Clin Cancer Res 1997, 3:593-600.
Modlich O, Prisack HB, Munnes M, Audretsch W, Bojar H: Predictors of primary breast cancers responsiveness to preoperative epirubicin/cyclophosphamide-based chemotherapy:
translation of microarray data into clinically useful predictive signatures. J Transl Med 2005, 9;3:32.

19.

20.

21.

Duffy MJ: Biochemical markers in breast cancer: which ones
are clinically useful? Clin Biochem 2001, 34:347-352.
Duffy MJ, Duggan C, Keane R, Hill ADK, McDermott E, Crown J,
O'Higgins N: High Preoperative CA 15-3 Concentrations Predict Adverse Outcome in Node-Negative and Node-Positive
Breast Cancer: Study of 600 Patients with Histologically
Confirmed Breast Cancer.
Clinical Chemistry 2004,
50(3):559-563.
Kurebayashi J, Nishimura R, Tanaka K, Kohno N, Kurosumi M, Moriya
T, Ogawa Y, Taguchi T: Significance of serum tumour markers
in monitoring advanced breast cancer patients treated with
systemic therapy: a prospective study. Breast Cancer 2004,
11(4):389-95.
Duffy MJ: Serum tumour markers in breast cancer: are they
of clinical value? Clinical Chemistry 2006, 52(3):345-351.
Chevallier B, Roche H, Olivier JP, Chollet P, Hurteloup P: Inflammatory breast cancer. Pilot study of intensive induction chemotherapy (FEC-HD) results in a high histologic response rate.
Am J Clin Oncol 1993, 16:223-28.
Kumpulainen EJ, Keskikuru R, Johansson RT: Serum tumor
marker CA 15.3 and stage are the two most important predictors of survival in primary breast cancer. Breast Cancer Res
Treat 2002, 76:95-102.
Westenend PJ, Meurs CJ, Damhuis RA: Tumour size and vascular
invasion predict distant metastasis in stage I breast cancer.
Grade distinguishes early and late metastasis. J Clin Pathol
2005, 58(2):196-20.
Martinez-Trufero J, de Lobera AR, Lao J, Puertolas T, Artal-Cortes A,
Zorrilla M, Alonso V, Pazo R, Valero MI, Rios-Mitchell MJ, Calderero
V, Herrero A, Anton A: Serum markers and prognosis in locally
advanced breast cancer. Tumori 2005, 91(6):522-30.
Diamindis Fleisher M, Dnistrian AM, Sturgeon CM, Lamerz R, Wittliff
J: Practice guidelines and recommendations for use of tumor
markers in the clinic. In Tumor markers, physiology, pathobiology,
technology and clinical applications Edited by: Diamindis EP, Fritsche H,
Scharwtz MK, Chan DW. Chicago: AACC Press; 2002:33-63.
Hayward JL, Carbone PP, Heuson J-C, Kumaoka S, Segaloff A, Rubens
RD: Assessment of response to therapy in advanced breast
cancer. Eur J Cancer 1997, 13:89-94.
Anonymous: Clinical practice guidelines for the use of tumor
markers in breast and colorectal cancer. Adopted on May
17, 1996 by the American Society of Clinical Oncology. J Clin
Oncol 1996, 14:2843-77.
Chang J, Powles TJ, Allred DC, Ashley SE, Clark GM, Makris A, Assersohn L, Gregory RK, Osborn CK, Dowsett M: Biologic markers
as predictors of clinical outcome from systemic therapy for
primary operable breast cancer. J Clin Oncol 1999, 17:3058-63.
Mauriac L, MacGrogan G, Avril A, Durand M, Floquet A, Debled M,
Dilhuydy JM, Campo ML: Neoadjuvant chemotherapy for operable breast carcinoma larger than 3 cm: a unicentre randomized trial with a 124-month median follow-up. Institut
Bergonie Bordeaux Groupe Sein (IBBGS). Ann Oncol 1999,
10:47-52.
De La Lande B, Hacene K, Floiras J-L, Alatrakchi N, Pichon M-F:
Prognostic value of CA 15-3 kinetics for metastatic breast
cancer. Int J Biol Markers 2002, 17:231-8.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 6 of 7
(page number not for citation purposes)

BMC Cancer 2006, 6:220

http://www.biomedcentral.com/1471-2407/6/220

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2407/6/220/pre
pub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 7 of 7
(page number not for citation purposes)

