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Summary

Purpose: To investigate whether serum CA 15-3 and CEA
levels show differences among subgroups of breast cancer
patients at the time of diagnosis of early-stage disease and
at disease relapse.

Methods: Patients with metastatic breast cancer diag-
nosed from 2000 to 2010 were retrospectively analyzed.
Data were obtained from medical charts. CA 15-3 and CEA
levels of patients with metastatic disease at the time of di-
agnosis or who relapsed during follow-up were evaluated.
Four different breast cancer subtypes were defined: estrogen
receptor (ER) and/or progesterone receptor (PR) positive
and HER-2 negative (luminal A), ER and/or PR positive
and HER-2 positive (luminal B), ER and PR negative and
HER-2 positive (HER-2 overexpressing) and triple negative
(ER, PR and HER-2 negative). Fifty-eight (13.7%) of the pa-
tients were metastatic at the time of diagnosis.

Results: 423 metastatic breast cancer patients were in-
cluded. Of the patients, 232 (54.8%) had luminal A disease,
70 (16.5%) luminal B, 53 (12.5%) HER-2 overexpressing,
and 68 (16.1%) triple negative disease. Preoperative CA
15-3 levels were raised in 48.1% of the luminal A group,

Introduction

Breast cancer is quite heterogeneous in terms
of clinical disease progression. It has been possi-
ble via DNA microarray technology to understand
better the heterogeneous structure of breast cancer
by identifying subgroups. It has also been shown
that these subgroups are crucial in evaluating the
prognosis, medical therapy and response to treat-
ment [1-4]. Immunohistochemical markers, which

in 42.8% of the luminal B group, in 26.0% of the HER-2
overexpressing group, and in 33.3% of the triple negative
group. CA 15-3 levels after relapse were raised in 44.5% of
the luminal A group, in 33.3% of the luminal B, in 28.9%
of the HER-2 overexpressing, and in 38.8% of the triple
negative group. Preoperative CEA levels were elevated in
44.3% of the luminal A group, in 28.5% of the luminal B,
in 43.4% of the HER-2 overexpressing, and in 14.3% of the
triple negative group. CEA levels after relapse were raised
in 60.8%, 54.7%, 51.1%, and 36.0% of the patients in the 4
subgroups, respectively.

Conclusion: This study showed that there are differenc-
es between the breast cancer subgroups in terms of tumor
marker levels in metastatic breast cancer patients. Tumor
marker elevation was lower in the triple negative group as
compared to the luminal groups. Monitoring CEA levels in
luminal A group may be beneficial in determining early
relapses. However, this retrospective study requires further
prospective confirmative cohort studies.

Key words: breast cancer, cancer antigen 15-3, carcinoem-
bryonic antigen, subgroups

are biologically different and behave differently,
are used to classify subgroups of breast cancer [5].
According to these markers, breast cancer can be
divided into 4 major subgroups: luminal A and lu-
minal B are characterized by high expression of
ER and PR; HER-2 overexpressing is characterized
by ER and PR negativity and HER-2 positivity,
whereas triple-negative is characterized by nega-
tive expression of ER, PR and HER-2 [6].
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Although the exact benefits of breast cancer
tumor markers, such as cancer antigen 15-3 (CA
15-3) and carcinoembryonic antigen (CEA), in
relapses and in monitoring response to thera-
py have not been identified, they are being used
as auxiliary tools. CA 15-3 is a glycoprotein ex-
pressed in various adenocarcinomas, especially in
breast cancer [8]. FDA recommends CA15-3 to be
used only in determining breast cancer relapses
before the appearance of symptoms and in moni-
toring response to therapy. Although CA 15-3 has
been found to have a lead time of 9 months before
detection of relapse, it is not recommended as a
screening test. Increased CA 15-3 levels show var-
iations according to the stage of disease. In stages
I and II, an increase of 20% has been reported,
whereas an increase of nearly 70-80% is seen in
later stages [7,8].

It has been shown that CA 15-3 levels repore-
sent not only a strong prognostic factor for ad-
vanced-stage breast cancer, but also an independ-
ent determinant for initial relapses [9]. There are
some studies showing that patients with high lev-
els of CA 15-3 have poor prognosis [10-13].

CEA is a high molecular weight glycoprotein
and is elevated in more than 30% in metastatic
and recurrent adenocarcinomas and especially in
more than 50% in breast cancer metastases. Like-
wise, there are studies suggesting that changes in
CEA levels might be associated with disease pro-
gression or regression. Some studies have sug-
gested that tumor markers, such as CEA and CA
15-3 could be used in monitoring early relapses
and response to therapy [14-18].

In the present study, we aimed to investigate
whether serum CA 15-3 and CEA levels show
differences among subgroups of breast cancer
patients at the time of diagnosis of early-stage
disease and at disease relapse (locoregional, met-
astatic).

Methods

Patient and tumor characteristics

Patients who had metastases at the time of diagno-
sis or developed metastasis during follow up, and who
were followed up in Ankara Numune Education and Re-
search Hospital, Department of Medical Oncology and
Hacettepe University Institute of Oncology between
2000 and 2010 were retrospectively analyzed. Patient
general and tumor characteristics and receptor status
were obtained from medical charts. CA 15-3 and CEA
levels of breast cancer patients, who were metastatic at
the time of diagnosis or who developed relapse during

follow-up period were retrospectively evaluated.

Immunohistochemical evaluation

ER, PR and HER-2 status of all cases were recorded
from the pathology reports. Those who had < 1% nucle-
ar staining of ER and PR using the immunoperoxidase
method were accepted as negative. HER-2 status was
graded from O to +3 by using immunohistochemistry
(Hercept test) and fluorescent in situ hybridization
(FISH).

Measurement of serum CA 15-3 and CEA

CA 15-3 and CEA levels were obtained from the
patient files. Tumor markers were estimated with im-
mune autoanalyzer by Chemiluminescent Microparti-
cle Immunoassay (CMIA) original kits. CA 15-3 > 31U/
mL, CEA > 3ng/mL for nonsmokers and > 7ng/mL for
smokers were considered as high levels.

Statistics

Statistical analyses were performed by SPSS for
Windows, version 13.0.(SPSS, Chicago, IL). The pres-
ence of normal distribution of the variables was test-
ed using the Kolmogorov-Smirnov test. Inter-group
percentages were compared by using chi-square test,
whereas continuous variables were compared using
the Student’s t-test and Mann-Whitney U test, Wilcox-
on W test and Kruskal-Wallis H test. Two-sided p val-
ues of <0.05 were considered statistically significant.

Results

A total of 423 patients were enrolled in this
study. Their median age was 52 years (range 21-
82). At the time of diagnosis 234 (55.3%) patients
were premenopausal and 189 (44.7%) postmeno-
pausal. Baseline patient and tumor characteristics
are described in Table 1. Fifty-eight (13.7%) of the
patients were metastatic at the time of diagnosis
and the remaining developed metastasis during
follow up. The most common sites for metastasis
were bone (N=77, 18.2%), lung (N=50, 11.8%), liv-
er (N=45, 10.6%) and locoregional (N=40, 9.5%).
Invasive ductal carcinoma seen in 337 (79.7%)
patients was the most common histological type.
Other most commonly seen histological types
were invasive lobular carcinoma (N=19, 4.5%),
mixed type (N=34, 8.0%) and mucinous carci-
noma (N=11, 2.6%). The majority of the tumors
were grade 2 (N=155, 36.6%) and grade 3 (N=1060,
39.2%). When considering all of the patients, pre-
operative median CA 15-3 level was 27.7 U/mL
(range 6.5-3204.0) and preoperative median CEA
level was 2.4 ng/mL (range 0.2-206.7), whereas on
relapse the median CA 15-3 level was 32.9 U/mL
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Table 1. General patient and disease characteristics

Characteristics N (%)
Median age, years (range) 52 (21-82)
Menopausal status
Premenopausal 234 (55.3)
Postmenopausal 189 (44.7)
Stage at diagnosis
1 15 (3.5)
2 107 (25.3)
3 174 (41.1)
4 58 (13.7)
Metastatic site
Local 40 (9.5)
Liver 45 (10.6)
Lung 50 (11.8)
Brain 21 (5.0)
Bone 77 (18.2)
Multiple 55(13.0)
Other* 19 (4.5)
Histopathology
Invasive ductal 337 (79.7)
Invasive lobular 19 (4.5)
Mixed 34 (8.0)
Other** 32 (7.6)
Tumor grade
1 25 (5.9)
2 155 (306.06)
3 166 (39.2)
ER
Positive 271 (64.1)
Negative 152 (35.9)
PR
Positive 265 (62.6)
Negative 128 (30.3)
HER-2
Positive 127 (30.0)
Negative 294 (69.5)
Subgroup
Luminal A 232 (54.8)
Luminal B 70 (16.5)
HER-2 overexpressing 53 (12.5)
Triple negative 68 (16.1)

Tumor markers, median (range)
Preoperative CA 15-3 U/mL
Preoperative CEA ng/mL
Relapse CA 15-3 U/mL
Relapse CEA ng/mL

27.7 (6.5-3204.0)
24 (0.2-206.7)

32.9 (8.16-2455.0)
3.6 (0.6-304.8)

* breast, intraabdominal, suprarenal, skin
**mucinous, metaplastic, medullary, neuroendocrine, invasive
apocrine, invasive papillary, adenosquamous

(range 8.16-2455.0) and median CEA level was 3.6
ng/mL (range 0.6-304.8).

There was significant correlation between
preoperative CA 15-3 and preoperative CEA levels

(r=.44; p<0.001) levels and T stage (r=.17; p<0.001).
There was statistically significant correlation be-
tween preoperative CEA levels and preoperative
N stage (r=.16; p=0.05) and TNM stage (r=.24;
p<0.009). No correlation was found with age,
grade, and histology (Table 2).

Of the patients, 232 (54.8%) had luminal A,
70 (16.5%) luminal B, 53 (12.5%) HER-2 overex-
pressing, and 68 (16.1%) triple-negative disease.
Distribution of patient characteristics among sub-
groups is shown in Table 3. The median age of the
patients was similar in all subgroups. The number
of premenopausal patients was higher in all sub-
groups and there was no statistically significant
difference between the groups in terms of men-
opausal status (p=0.43). The patients in luminal
B and in HER-2 overexpressing groups had more
advanced stage, but the difference was not signif-
icant (p=0.40). The most common site of metasta-
sis was the skeleton in the luminal groups (lumi-
nal A 23.3%; luminal B 20.0%). The most common
site of metastasis was the liver in the HER-2 over-
expressing group (20.8%) and locoregional in the
triple-negative group (19.1%); the difference be-
tween the groups in terms of metastatic sites was
statistically significant (p=0.03). Invasive ductal
carcinoma was the most common histological
type in all subgroups. The rate of mixed type was
higher in luminal A, and the difference was sig-
nificant (p=0.01). Tumor grade was better in the
luminal groups as compared to the non-luminal
groups (p=0.01).

Preoperative CA 15-3 levels were increased in
48.1% of the patients in luminal A, in 42.8% of
the patients in luminal B, in 26.0% of the patients
in HER-2 overexpressing and in 33.3% of the pa-
tients in triple-negative groups.

The rates of patients with increased CA 15-3
levels on relapse were as follows: 44.5% in lumi-
nal A, 33.3% in luminal B, 28.9% in HER-2 overex-
pressing and 38.8% in triple-negative cases. When
the subgroups were compared, the rate of the pa-
tients with increased preoperative CA 15-3 levels
was higher in luminal A group as compared to the
non-luminal groups (p=0.09). The rate of patients
with increased CA 15-3 levels upon relapse was
higher again in luminal A group as compared to
the non-luminal groups; however, the difference
was not significant (p=0.09). The number of pa-

Table 2. Correlation risk factors with preoperative CEA levels

Preoperative CEA Age Grade Tumor T stage N stage TNM stage Preoperative
(ng/mL) histology CA 15-3 (U/mL)
I (correlation) 0.006 0.025 -0.005 0.17 0.16 0.24 0.44
p-value 0.94 0.76 0.94 <0.001 0.05 0.009 <0.001
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Table 3. Distribution of the characteristics among subgroups
Characteristics Luminal A Luminal B overgcli)}:eising Triple negative p-value
N=252 N=70 N=68
N=53
Median age, years (range) 48 (24-89) 47.5 (21-78) 46 (21-84) 46 (27-81) 0.30
Menopausal status, N (%)
Premenopausal 120 (51.7) 42 (60.0) 32 (60.4) 39 (57.4) 043
Postmenopausal 112 (48.3) 28 (40.0) 20 (37.7) 29 (42.6)
Stage at diagnosis, N (%)
1 10 (4.3) 2 (2.9) 0 (0) 3 (4.4)
2 60 (25.8) 20 (28.0) 8 (15.1) 19 (27.9) 0.40
3 89 (384) 29 (41.5) 32(52.6) 28 (41.1)
4 27 (11.6) 11 (15.7) 8 (15.1) 12 (17.6)
Metastatic sites, N (%)
Local 16 (6.9) 4(5.7) 7 (13.2) 13 (19.1)
Liver 19 (8.2) 12 (17.1) 11 (20.8) 3 (4.4)
Lung 23(9.9) 9 (12.9) 8 (15.1) 10 (14.7)
Brain 6 (2.6) 3 (4.3) 4 (7.5) 8(11.8) 0.03
Bone 54 (23.3) 14 (20.0) 4 (7.5) 5(7.4)
Multiple 36 (15.5) 8 (114) 6 (11.3) 5(7.4)
Other* 11 (4.7) 2 (2.9) 2 (3.8) 4 (5.8)
Unknown 67 (26.6) 18 (25.7) 11 (20.8) 20 (29.4)
Histopathology, N (%)
Invasive ductal 179 (77.2) 64 (91.4) 43 (81.1) 51 (75.0)
Invasive lobular 13 (5.6) 3 (4.3) 1(1.9) 2(2.9) 0.01
Mixed 24 (10.3) 3 (4.3) 5(9.4) 2(29)
Other** 15 (6.4) 0 (0) 4 (7.6) 13 (19.0)
Tumor grade, N (%)
1 18 (7.8) 4 (5.7) 1(1.9) 2(29) 001
2 93 (40.1) 25 (35.7) 20 (37.7) 17 (25.0) '
3 75 (32.3) 28 (40.0) 25 (47.2) 38 (55.9)
Elevated tumor markers (%)
Preoperative CA 15-3 48.1 42.8 26.0 333
RelapseCA 15-3 44.5 33.3 28.9 38.8 0.11
Preoperative CEA 443 28.5 434 14.3
Relapse CEA 60.8 54.7 51.1 36.0
Tumor markers, median (range)
Preoperative CA 15-3 (U/mL) 29.9 (6.5-798.5) 25.2 (7.6-2450.0)  22.1 (9.9-3204.0) 25.6(10.6-887.0) 047
Relapse CA 15-3 354 (8.2-2455.0) 27.9 (8.5-317.1) 26.5(8.5-114.4) 40.1(10.1-417.4)
Preoperative CEA (ng/mL) 2.6 (0.4-61.5) 2.6 (0.2-163.1) 2.8 (0.7-2006.7) 1.3 (0.3-11.8) 0.001
Relapse CEA 4.3 (0.6-304.8) 4.8 (0.7-84.3) 3.0 (0.6-145.5) 2.4 (0.9-15.3)

*Other breast, intraabdominal, suprarenal, skin metastasis

**Mucinous, metaplastic, medullary, neuroendocrine, invasive apocrine, invasive papillary, adenosquamous

tients with increased CA15-3 levels either in pre-
operatively or upon relapse was lower in the HER-
2 overexpressing group as compared to the other
groups but without statistical significance (p=0.11
and p=0.20, respectively) (Table 4).

Preoperative CEA levels were increased in
44.3% of the patients in luminal A, in 28.5% of
the patients in luminal B, in 43.4% of the patients
in HER-2 overexpressing, and in 14.3% of the pa-
tients in triple-negative groups. In the subgroups,
the rates of the patients with elevated CEA lev-
els upon relapse were 60.8, 54.7, 51.1, and 36.0%
in luminal A, luminal B, HER-2 overexpressing
and triple-negative, respectively. Preoperative
CEA levels were within normal range in 85.7%
of the patients in the triple-negative group, being

signicantly lower (p=0.026) than the non-triple
negative groups. The number of patients with in-
creased CEA levels upon relapse was significanly
higher in luminal A group (p=0.02) as compared
to the non-luminal groups. Likewise, the rate of
patients with normal CEA levels upon relapse was
statistically significantly lower in the triple-nega-
tive group as compared to the non-triple negative
groups (p=0.005) (Table 5).

Discussion

Despite their low sensitivity, CEA and CA 15-3
are routinely used as tumor markers in breast
cancer. Studies reported that high CEA level at the
time of diagnosis is a negative prognostic factor
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Table 4. Preoperative and CA 15-3 at relapse according to subgroups

. . HER-2 Triple
Luminal A Luminal B . .
Elevated tumor markers N=252 N=70 overexpressing negative p-value* p-value**
h ) N=53 N=68
Preoperative CA 15-3 (%) 48.1 42.8 26.0 33.3 0.09 0.11
Relapse CA 15-3 (%) 445 33.3 289 38.8 0.09 0.20
* luminal A group as compared to the non-luminal groups
** HER-2 overexpressing group as compared to the other groups
Table 5. Preoperative and CEA at relapse according to subgroups
Luminal A Luminal B HER-2 . Trzpl.e
Elevated tumor markers N=252 N=70 overexpressing negative p-value* p-value**
) ) N=53 N=68
Preoperative CEA (%) 443 28.5 434 14.3 0.026 0.08
Relapse CEA (%) 60.8 54.7 511 36.0 0.005 0.02

* triple-negative group as compared to the non-triple negative groups

** luminal A group as compared to the non-luminal groups

and is associated with disease stage [19,20]. In the
long-term prospective study conducted by Gua-
dagni et al,, it was found that CEA level was in-
creased in 15.0% and CA 15.3 level was increased
in 39.6% of the patients. In the above-mentioned
study, CEA and CA 15.3 were elevated in 37.7 and
73.6% of the patients, respectively, that developed
metastasis during follow up [21].

A study consisting of 1046 breast cancer pa-
tients reported that increased preoperative levels
of CEA and CA 15-3 were associated with early
mortality and that both tumor markers were in-
creased on relapse, CA 15-3 elevation being more
significant [22]. In a study that analyzed the re-
lationship between increasing tumor markers in
breast cancer with clinicopathologic parameters,
it was found in 740 patients that the median pre-
operative CEA and CA 15-3 levels were statisti-
cally correlated with tumor mass, number of met-
astatic lymph node and stage of disease. In the
same study, there was no significant relationship
with ER, PR and HER-2 status [10].

Although molecular subgroups of breast can-
cer are identified by gene expression analyses by
using DNA microarray technique, in recent years
immunohistochemical markers are used instead
of DNA microarray technique to identify the sub-
groups of breast cancer [23]. Subgroups have been
identified in order to possibly explain the varia-
ble clinical behavior of breast cancer and relevant
research has shown that patients in the different
subgroups differed in age, metastatic patterns,
prognostic factors and survival outcomes [3,23].

No clear data are to be found in the literature
showing tumor markers variations among the
subgroups in metastatic breast cancer. A study
conducted by Dede et al. comprising breast cancer
patients that were non-metastatic at the time of
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diagnosis compared the triple-negative subgroup
with non-triple negative subgroups in terms of
tumor markers at the time of diagnosis and after
development of metastasis. It was found that CEA
(2.5 +59 vs 4.0 £16.4, respectively; p = 0.35) and
CA 15-3(23.7 + 14.6 vs 37.1 + 117, respectively; p
= 0.021) levels were lower in the triple-negative
group at the time of diagnosis as compared to the
non-triple negative groups. Moreover, CEA (3.2 +
3.8 and 29.6 + 1064, respectively; p= 0.022) and
CA 15-3 (46.9 £ 46.3 and 203.2 + 534 respectively;
p=0.008) levels were significantly lower in the tri-
ple-negative group also upon relapse [24]. In the
present study, the number of patients with elevat-
ed CEA level, both at the time of diagnosis and
upon relapse, was statistically significantly high-
er in the luminal A group. CEA levels remained
within normal range upon relapse in more pa-
tients in the triple-negative group, and the differ-
ence was statistically significant (p=0.005). How-
ever, no difference was found between the groups
in terms of the number of patients with elevated
CA 15-3 levels either at the time of diagnosis or
upon relapse.

Our study has shown that there are differenc-
es in tumor marker elevations in breast cancer
subgroups as well as other kinds of differences.
Triple-negative group is generally known as a
group with a poor prognosis and in our study less
elevations of tumor markers at relapse were found
in this group when compared to luminal groups.
This makes us think that tumor markers are of
little help during follow up for timely detection
of relapse in the triple negative group. CEA level
monitoring, on the other hand, can be useful in
identifying early relapses in the luminal A group.
This retrospective study requires further prospec-
tive confirmative cohort studies.
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