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Summary

Purpose: The HER2 oncogene encodes a transmem-
brane tyrosine kinase receptor. This molecule could be a
new marker for prognosis and response to therapy in
patients with advanced breast cancer. However, the ex-
tracellular domain of c-erbB-2 (HER2) transmembrane
receptor undergoes proteolytic cleavage from the full-
length protein by metalloproteases, and is shed into the
blood as a circulating antigen. To determine the clinical
utility of this oncoprotein, the soluble form of HER2 was
assayed in the serum of breast cancer patients.

Patients and methods: Serum levels of breast carci-
noma antigens CA 15-3 and HER2 were determined in 60
patients, 40 with localized (group A) and 20 with meta-
static (group B) breast carcinoma. CA 15-3 measurements
served as “gold standard” to which HER2 diagnostic
and/or prognostic value was compared. Sera from 10
healthy women served as controls.

Results: Serum levels of the tested tumor markers

HER2 and CA 15-3 were significantly higher in cancer
patients compared to controls. CA 15-3 correlated with
bulky initial tumor, whereas HER2 showed no differenc-
es between healthy individuals and group A patients. The
serum levels of the tested markers in group B patients
were significantly higher (p <0.001) than the serum lev-
els of patients in group A. Striking increase in serum lev-
els of HER2 was found in 52.7% and CA 15-3 in 52.9% of
patients with metastatic cancer. A combination of mark-
ers was more sensitive than using one marker alone. In
this regard, 90% of the patients with metastasis had at
least one of the markers increased.

Conclusion: The results of this study suggest that
the HER2 oncoprotein may be potentially useful in de-
tecting recurrence of breast cancer. However, to improve
sensitivity and specificity in the diagnosis and monitor-
ing of breast cancer, the use of multiple tumor markers
should be employed.
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Introduction

In contrast to tissue tumor markers, serum tumor
markers are reproducible and can be measured serial-
ly to reflect the dynamic changes in tumor burden. Their

measurements offer an effective and objective way in
monitoring remission and progression in patients with
metastatic breast cancer. It was shown that a combi-
nation of markers is more sensitive than using a single
marker [1]. In our study, two tumor markers were in-
vestigated: HER2 and CA 15-3.

The proto-oncogene HER2 (from Human Epi-
dermal growth factor Receptor) is localized on chro-
mosome 17q and encodes a transmembrane tyrosine
kinase growth factor receptor. HER2 is a component
of a 4-member family of closely related growth fac-
tor receptors, including HER1 (or EGFR, derived from
Epidermal Growth Factor Receptor), HER2, HER3
and HER4 [2,3]. The full-length protein (HER2) un-
dergoes proteolytic cleavage by metalloproteases, and
its extracellular domain is shed into the blood as a
circulating antigen. In addition to its association with



290

disease outcome in gastrointestinal, pulmonary, geni-
tourinary and other neoplasms, amplification of HER2
gene, or overexpression of the HER2 protein, has been
identified in 10-34% of breast cancers [4]. The spe-
cific clinical benefit of serum HER2 measurement
was clarified by numerous investigations worldwide.
In most of the retrospective studies that included sig-
nificant number of patients, serum HER2 levels
showed prognostic significance with respect to dis-
ease-free survival and overall survival [5]. Circulat-
ing HER2 levels could successfully prove the pres-
ence and predict progression of HER2-positive breast
cancers. In 22 published studies with 4,088 patients,
16 (73%) of them involving 3,458 (85%) of the pa-
tients, a significant correlation of serum HER2 levels
with disease recurrence, metastasis or shortened sur-
vival was reported [6-13].

CA 15-3 (MUC-1, breast cancer mucin) is a
cell membrane glycoprotein. CA 15-3 serum levels
are elevated in 54-80% of patients with metastatic
breast cancer. It may be increased in other malignant
(lung, ovarian, endometrial, gastrointestinal and blad-
der carcinoma) or benign (chronic hepatitis, liver cir-
rhosis) conditions [14,15]. Elevated levels of CA 15-
3 may indicate the first recurrence of breast cancer.
In this regard, more than 75% of first recurrences
(all sites included) are associated with a significant
rise in CA 15-3 levels. Furthermore, CA 15-3 is a
reliable marker for monitoring the clinical course of
the disease and it seems to be of potential interest in
monitoring disease during therapy, especially togeth-
er with HER2 serum level estimation.

Patients and methods

Patients

The study enrolled 70 females, divided into two
groups:

1. Experimental group – 60 patients with histo-
logically confirmed breast carcinoma. This group con-
sisted of two subgroups: group A (patients with local-
ized tumor) and group B (patients with metastatic
breast cancer).

2. Control group – 10 healthy women. Group A
patients were included in the study before breast sur-
gical treatment, and group B patients were included
in the study after the final decision about the type of
conservative treatment. In this way, any possible ther-
apy effects (operative, chemo or hormonal therapy),
which could influence the results, were excluded.

In addition, patients with inflammation (leuko-

cytosis, high sedimentation rate and fibrinogen) were
excluded.

Methods

HER2 and CA 15-3 serum levels were deter-
mined by using commercially available ELISA kits
(Human sp185HER-2 ELISA, Bender MedSystems,
Vienna, Austria and Breast Cancer Antigen CA 15-3
Enzyme Immunoassay Test Kit, DRG International,
Inc. USA). Normal serum values were < 13.2 ng/ml
for HER2 and < 35 U/ml for CA 15-3.

Statistical analysis

The data obtained were evaluated using the
SPSS commercial program package (version 10.0,
SPSS Inc., Chicago, IL). The normal data distribu-
tion was evaluated by the Kolmogorov-Smirnov test,
Student t-test, and then retested by the c2- test. Stu-
dent t-test was used for parameters with normal data
distribution, Mann-Whitney’s U-test and Kruskal-
Wallis’s test compared two or more groups of non-
parametric data. p – values less than 0.05 were ac-
cepted as significant.

Results

Patients in group A had almost identical HER2
serum levels as those in the control group (group A:
7.7 ng/ml; control group: 6.5 ng/ml; Figure 1). In-
creased HER2 serum values were detected in 52.6%
of group B patients, with almost 5-fold average value
compared with the control group (average HER2 se-
rum values in the control and group B were 6.5 ng/ml
and 30.6 ng/ml, respectively).  Where the data were
not homogeneous (CV=88.5%), the Kruskal-Wallis’s
test was applied, and showed statistically significant
difference between the control and metastatic (B)
groups (c2=6.015, df=2, p=0.049). In addition, Mann-
Whitney’s test was used and showed also significant
differences between control and group B (p=0.046;
Figure 1).

Although patients with localized carcinoma (group
A) had higher average CA 15-3 serum levels com-
pared with the controls (localized: 30.5 U/ml; control:
22.5 U/ml), these values were, however, within nor-
mal range (0-36.0 U/ml, Figure 2). In patients with dis-
tant metastatic disease (group B) CA 15-3 serum lev-
els were extremely increased (91.8 U/ml), in compar-
ison with controls and group A patients (Kruskal-Wal-
lis: c2=18.398, df=2, p=0.000; Mann-Whitney: p <0.01).
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Figures 3 and 4 show HER2 and CA 15-3 se-
rum values in breast cancer patients and the data are
presented as percent of deviation from control val-
ues. As discussed before, HER2 and CA 15-3 could
not establish the presence of localized breast carci-
noma, because HER2 and CA 15-3 serum levels were
almost identical in the control and group A patients.
Interestingly enough, even 90% of the patients with
distant metastatic disease had at least one tumor
marker level increased (Figure 5).

Figure 1. HER2 serum levels. Patients with breast cancer show
increased HER2 serum levels. These values are highest in the
group of patients with metastatic disease. Kruskal-Wallis:
χ2=6.015, df=2, p=0.049; Mann-Whitney: p=0.046.

Figure 2. CA 15-3 serum levels. Patients with breast cancer
show increased CA 15-3 serum levels. These values are highest
in the group of patients with metastatic disease. Kruskal-Wallis:
χ2=18.398, df=2, p=0.000; Mann-Whitney: p<0.01.

Figure 3. Deviation from control values in group A patients. Only
CA 15-3 serum values show significant changes in comparison to
control values. Results are shown as deviation from control values.

Figure 4. Deviation from control values in group B patients. Serum
values of both tested tumor markers deviate significantly from con-
trol values. Results are shown as deviation from control values.

Figure 5. Specificity of HER2 and CA 15-3. Both HER2 and CA
15-3 values are similar in metastatic breast cancer patients group
(52.7% and 52.9%, respectively). Nearly 90% of metastatic breast
cancer patients had at least one tumor marker serum level increased.
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Discussion

Tumors originate from normal tissues and malig-
nant cells express cell surface protein molecules which
can be found also, to a lower extent, on normal cells.
These molecules, specific for malignant cells, were
designated as tumor-associated antigens, or tumor
markers. Detection and continuous monitoring of chang-
es in tumor marker serum levels can offer data related
to the estimation of risk for carcinoma appearance,
diagnosis, prognosis and response to therapy [16-18].
Monitoring of the disease course, after diagnosis and
first-line therapeutic procedures, reflects the clinical
importance of tumor markers [19]. No single tumor
marker has demonstrated a possibility of independent
use for routine screening in early diagnosis [20]. Even
CA 15-3, for which serum levels and tumor size and/or
presence of distant metastases correlation was dem-
onstrated, can not be independently used in screening
and breast carcinoma diagnostic procedures because
of its low sensitivity [21,22]. CA 15-3 and other tumor
markers are mostly used for early detection of distant
metastatic foci. In more than 75% of the cases, CA
15-3 serum level elevation indicates the onset of early
breast carcinoma metastases [1]. Serum level eleva-
tion can precede by more than 6 months to clinical and
radiological metastatic signs [22, 23]. However, the sig-
nificance of continual increase of CA 15-3  serum lev-
els, in the absence of signs of recurrent disease, is not
entirely clear and does not provide enough information
on the basis of which, under given circumstances, spe-
cific therapy could be defined. This tumor marker can
be used in the evaluation of the therapeutic procedures,
in addition to its diagnostic and prognostic use [22].
Numerous studies have shown that CA 15-3 serum
levels can indicate the success of the applied therapy
in more than 80% of the cases [22].

Our results were in accordance to those shown
in similar studies. Although patients with localized
breast carcinoma showed higher CA 15-3 serum con-
centrations than those of the control group, those val-
ues were still in the “normal” value range, according
to detection kits manufacturers. Furthermore, the
average values of CA 15-3 for this patient group ex-
ceeded the average CA 15-3 concentration of the
control group by nearly 50%. This finding clearly shows
that CA 15-3 has undoubted diagnostic importance.
On the other hand, values observed in  patients with
distant metastases were extremely higher compared
with the control group, as well as the localized tumor
group. Our data confirmed the clinical importance of
this marker, not just for the early detection of recur-

rent disease, but even in routine examination if breast
cancer is suspected. However, the combination of
different tumor markers can enhance both specificity
and sensitivity. Because of this, CA 15-3 and HER2
detection were combined in our study.

According to numerous studies [24,25], in 20-30%
of breast cancer cases HER2 amplification and over-
expression was observed (detected by immunohis-
tochemistry) and HER2 could be an independent prog-
nostic factor. In different neoplasms, as well as in breast
carcinoma, overexpression of HER2 correlates with
aggressive forms of the disease and with bad progno-
sis. Besides that, overexpression often was associated
with other important breast cancer prognostic factors:
high grade and extensive ductal carcinoma in situ [26-
28], DNA aneuploidy, high index of proliferation, p53
mutations and changes in other biomarkers of breast
carcinoma metastatic potential [29-36].

HER2 oncoprotein belongs to the EGFR recep-
tor family (transmembrane tyrosine kinase receptor).
The extracellular domain of this molecule undergoes
enzymatic cleavage, and can be detected in the blood
as circulating tumor marker [29, 37]. Several studies
showed high serum levels of HER2 in 18.5% (medi-
an) of patients with primary breast carcinoma (range
7-38%), as well as in patients with distant metastases
(median 43%) [38]. According to these studies, HER2
serum level elevation was an indicator of bad prog-
nosis and inadequate response to therapy.

Our results were, mostly, in accordance with data
of other relevant studies: notable differences in HER2
serum concentration between patients with localized
tumor and controls did not occur; HER2 serum level
in the group with distant metastases was significantly
higher. Based on the results of our study we can con-
clude that HER2 serum level cannot contribute in pri-
mary breast carcinoma diagnosis, but it can offer use-
ful data for disease monitoring.

Moreover, besides the lower sensitivity in the
group with localized carcinoma, CA 15-3 established
its clinical value since those patients had 50% higher
values than controls (Figure 2). The impressive find-
ing is that both tested tumor markers clearly implied
the presence of distant metastatic foci (values in
metastatic group were almost 5 times higher than those
of the control group, Figure 2). Nevertheless, the dis-
tribution of the measured values was not homoge-
neous; only 23.7% of group A patients had higher
HER2 serum values. This finding suggests, accord-
ing to the data discussed above, that HER2 and CA
15-3 cannot be independent diagnostic tumor mark-
ers and the average values did not describe the real
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state, but represented a reflection of the sensitivity of
the applied tests.

CA 15-3, its low sensitivity excepted, proved its
diagnostic value, considering that average values of
CA 15-3 in the localized tumor group exceeded those
of the control group by nearly 50%. However, HER2
serum level distribution was nonhomogeneous; only
23.7% of the patients with localized tumor had higher
values. This finding suggests, according to the data
discussed above, that HER2 and CA 15-3 cannot be
independent diagnostic tumor markers.

The development of distant metastases basical-
ly reflects the breakdown of host defense mecha-
nisms accompanied with loss of homeostatic balance.
Thus, it is not surprising that CA 15-3 and HER2 indi-
cate the presence of distant metastatic foci. In fact,
we observed elevated serum values of HER2 and
CA 15-3 in 52.7% and 52.9% patients with metastas-
es, respectively. It is interesting that 90% of the pa-
tients with distant metastases had at least one of these
tumor markers increased.

We conclude that serum estimations of CA 15-
3 in the diagnosis, as well as in the monitoring of breast
carcinoma patients, are more than useful. It is clear
that HER2 serum level is not adequate for the diag-
nosis of primary breast carcinoma, but it can provide
relevant data for disease monitoring and can be used
for the detection of distant metastatic foci.

HER2 can be used for the detection of distant
metastatic foci. Combination of different tumor mark-
ers can enhance their overall sensitivity. The cclinical
importance of HER2 serum estimation demands ad-
ditional research.
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