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Summary HER-2/neu extracellular domain (ECD) can be
detected in blood as a soluble circulating protein. The aim of
this study was to analyze the relationship between HER-2/neu
extracellular domain in the serum and the prognosis in breast
cancer patients. We also correlated HER-2/neu ECD with
various clinicopathological factors including steroid receptor,
HER-2/neu receptor coexpression. The serum from seventy
nine patients with invasive breast cancer and twenty individ-
uals without malignancy was analyzed using the enzyme-
linked immune adsorbent assay method. The cut-off value
was estimated by the ROC curve analysis (15.86 ng/L).
HER-2/neu ECD values in the serum of patients with breast
cancer were significantly higher than in control subjects.
Circulating HER-2/neu ECD was significantly associated
with the histological grade of tumors and the status of axillary
lymph nodes. Negative correlation was observed between
HER-2/neu ECD in the serum and estrogen receptor positivity.
When we analyzed HER-2/neu ECD in relation with
coexpression of steroid receptor and HER-2/neu receptor in
tissue, statistically higher values were found in the subgroup
of patients with steroid receptor negative, HER-2/neu negative
tumors than in the other subgroups. HER-2/neu ECD was not
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an independent factor in the univariate and multivariate anal-
ysis. However, elevated HER-2/neu ECD levels were found in
patients with breast cancer possessing more aggressive

phenotype.
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Introduction

In the year 1987 Slamon et al. identified the correlation
between HER-2/neu oncogene amplification and decreased
survival in breast cancer patients [1]. Subsequent studies
confirmed these results and nowadays HER-2/neu status is
an established prognostic and predictive factor in breast can-
cer [2]. Approximately 15-20 % women with breast cancer
have HER-2/neu positive tumor [2]. The amplification of
HER-2/neu gene was also found in other non-breast related
tumors such as lung [3,4], prostate [5], ovarian [6], bladder
and gastric [7] cancers. In women with HER-2/neu positive
tumors, HER-2/neu gene, located on 17th chromosome, mul-
tiplies, which increases synthesis of HER-2/neu protein and
therefore tumor growth and proliferation.

Human epidermal growth factor receptor 2 (ErbB2/neu/
HER-2) is a transmembrane glycoprotein that belongs to the
ErbB family of receptor thyrosine kinases. Three other pro-
teins, also termed ErbB1/HER-1, ErbB3/HER-3 and ErbB4/
HER-4, belong to the same ErbB receptor family. HER-2/neu
receptor is activated through dimerization with other ErbB
family members while other three receptors are activated by
a specific ligand binding.
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HER-2/neu extracellular domain (ECD), or parts of it,
can be detected in blood as soluble circulating proteins.
They arise either by the process called shedding or by
alternative splicing [8]. Shedding is a process in which
HER-2/neu receptor releases its extracellular domain
through the proteolytic mechanism leaving an active trun-
cated intracellular receptor p95"=R2. Alternative splicing is
a post transcriptional process that occurs prior to mRNA
translation, by which one gene can encode several different
proteins. Some of the HER-2/neu splice variants that can
be detected in blood act as inhibitors of cancer cell prolif-
eration, e.g. pl00, while others promote cancer activity,
e.g. AL6HER-2. The exact quantification of each variant is
not known [9]. Current FDA approved tests, as the test
used in our study, use antigens that specifically bind to the
extracellular domain, but they cannot discern the origin of
circulating HER-2/neu protein.

The aim of our study was to correlate HER-2/neu ECD
levels with the clinical outcome in breast cancer patients
and to analyze the relationship of HER-2/neu ECD levels
with various clinical, biochemical and pathological param-
eters, especially tissue steroid receptor and HER-2/neu
status.

Materials and Methods

The study included seventy nine patients with breast cancer
(61 with primary invasive carcinoma (stage I-III) and 18
patients with metastatic disease (stage 1V), (Table 1), and
twenty individuals without malignancy. All specimens were
obtained through routine surgery at the University Hospital
Center Zagreb between March and November 2003. Patho-
logical and clinical data were obtained from pathological
reports and medical records respectively. No patient received
chemotherapy or irradiation treatment before surgery. The
patients initially underwent either the modified radical mas-
tectomy or lumpectomy with complete axillary node dissec-
tion followed by radiation therapy of residual breast tissue. All
hormone receptor positive patients received endocrine treat-
ment following surgery. Lymph node-positive patients re-
ceived adjuvant chemotherapy. Lymph node-negative patients
received adjuvant chemotherapy only if adverse prognostic
factors were present. Approval for the study was obtained
from the ethics committee of the Zagreb University Hospital.
The follow up period was 60 months. The following param-
eters of each patient were taken into account: age, tumor size,
axillary lymph node metastases, the concentrations of estro-
gen and progesterone receptor in the cytosol and HER’s-2/neu
receptor levels in tumor tissue. Clinical, pathological and
biochemical parameters of the patients and their tumors are
shown in Table 1.
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Table 1 Distribution of prognostic and predictive markers in a group of
79 patients with breast carcinoma

Variable No. of patients Frequency [%]
All patients 79
Age [years]
<50 29 36.70
>50 50 63.30
Tumor size
<2 cm 60 75.94
>2 cm 19 24.06
Axillary lymph nodes *
NO0-2 67 84.81
N>2 12 15.19
Histological grade
Well differentiated [1] 22 27.84
Moderately differentiated [1I] 29 36.70
Poorly differentiated [I1I] 28 35.46
Estrogen receptor [ER]
<10 fmol/mg proteins 34 43.03
>10 fmol/mg proteins 45 56.97
Progesteron receptor [PgR]
<20 fmol/mg proteins 40 50.63
>20 fmol/mg proteins 39 49.37
HER-2/neu
Negative 63 79.74
Positive 16 20.26
Stage
1111 61 77.22
v 18 22.78

*number of axillary lymph nodes involved

Blood Samples

Blood samples from patients were retrieved before operation.
Bloods were collected and allowed to clot. After centrifuga-
tion (1250 g for 10 min), the serum was removed and stored at
—20 °C until assay.

Analysis of HER-2/Neu ECD in the Serum

The serum HER-2/neu ECD levels were measured by
enzyme-linked immunoadsorbent assay (ELISA), (Human
neu Quantitative ELISA Cat#QIA10 Oncogene research
product, Cambridge, MA). The test was performed ac-
cording to the manufacturer’s instructions. The receiver
operating curve (ROC) analysis was performed to deter-
mine the cut-off value. The quantification of HER-2/neu
ECD in the serum was achieved by the construction of the
standard curve.
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Steroid Receptors

Steroid receptors (ER and PgR) were determined by using the
ligand- binding method according to Horwitz and McGuire
[10]. Tritium labeled steroid hormones were used: Estradiol
(2,4,6,7 *H (N)) - NET 317 250 UC (Boston, USA) and
Promegastone (17 alpha —methyl->H) - (R5020) - NET 555
250 UC (Boston, USA). A positive receptor status for ER and
PgR was defined as the presence of 10 fmol/mg of cytosol
proteins and 20 fmol/mg of cytosol proteins, respectively.

HER-2/Neu Status

HER-2/neu expression was determined immunohistochemically
using antibodies against HER-2/neu (Herceptest, Dako,
Glostrup, Denmark). Immunohistochemistry for HER-2/neu
was done on whole slides using TechMate automatic stainer
(Dako, Glostrup, Denmark). An immunohistochemical score of
3+ according to Herceptest criteria or fluorescence in situ hy-
bridization (FISH; Dako, Glostrup, Denmark) with amplification
ratio >2 was accepted as HER-2/neu positive result.

Histological Grading

Histological grading was done according to the Bloom-
Richardson grading system [11].

Statistical Analysis

Statistical tests were performed using MedCalc software.
Mann—Whitney test was used to evaluate differences between
clinical and pathohistological factors. Comparison of more
than two independent samples was done by the Kruskal-
Wallis test. Survival curves were performed by the Kaplan-
Meier method and the statistical significance was determined
by the log-rank test. Cox proportional hazard regression was
used for univariate and multivariate analysis in the forward
fashion and in the stepwise fashion, respectively. The signif-
icance level was p<0.05.

Results

The ROC curve showed diagnostic efficiency of HER-2/neu
ECD in the differentiation between breast cancer patients and
the control group (p=0.0168). The area under the curve
(AUC) was 0.635 (95 % confidence interval 0.532 to 0.730)
with a sensitivity of 90 % and specificity of 44.3 % at a cut-off
value of 15.86 ug/L (Fig. 1). The concentrations of HER-2/
neu ECD in the serum ranged from 5.35 to 93.96 pg/L (Me-
dian=14.02; CI 95 % 12.3105-16.2316) in the serum from
breast cancer patients and between 5.35 and 16.86 ug/L
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Fig. 1 Receiver operator characteristic (ROC) curve for HER-2/neu
ECD

(Median=11.77; CI1 95 % 10.956-12.9789) in the serum from
healthy individuals. Thirty eight (48 %) out of 79 patients with
breast carcinoma and 4 (20 %) out of 20 healthy controls had
HER-2/neu ECD concentrations higher than 15.86 pg/L.
HER-2/neu ECD values in the serum of patients with breast
cancer were significantly higher than in the control subjects
(p=0.001).

Circulating HER-2/neu ECD was significantly associated
with the histological grade of tumors (p=0.0021; Fig. 2) and
the status of axillary lymph nodes (p=0.0425; Fig. 3). Nega-
tive correlation was observed between HER-2/neu ECD in the
serum and estrogen receptor positivity (p=0.0091; Fig. 4),
while no association was found with the progesterone receptor
status (p=0.5714). No correlation was found between
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Fig. 2 Association between HER-2/neu ECD in serum (pg/L) and
histological grade of tumors
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Fig.3 Association between HER-2/neu ECD in serum (pg/L) and lymph
nodes metastases (LN=lymph node)

circulating HER-2/neu ECD and the age of the patients (p=
0.3190) or the size of the tumor (p=0.3378). Among 16 HER-
2/neu positive cases, 11 were positive for HER-2/neu ECD.
No significant association was observed between HER-2/neu
ECD in the serum and HER-2/neu tissue positivity (p=
0.0729). Circulating levels of HER-2/neu ECD were higher
in the subgroup of patients with tissue negative steroid recep-
tors and negative HER-2/neu receptor (6.62-93.96; median
16.8, N=17) than in the subgroup of patients with positive
steroid receptors and negative HER-2 expression (5.35-20.93;
median 11.83, N=18), (p=0.0477; Fig. 5). A significant dif-
ference in HER-2/neu ECD was also found between the
steroid receptor negative, HER-2/neu negative subgroup of
patients and the estrogen receptor positive, progesterone re-
ceptor negative, HER-2/neu negative subgroup of patients
(5.35-33.73; median 11.055), (p=0.0153; Fig. 6).

The Kaplan-Meier analysis showed that patients with ele-
vated HER-2/neu ECD in the serum had poorer prognosis (5-
year survival) than patients with lower levels (»p=0.0082;
Fig. 7). Univariate and multivariate analyses showed that a
high serum HER2/neu ECD level was not an independent
prognostic factor of worse survival in this group of women
with breast cancer (Table 2). The presence of HER-2/neu in
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Fig. 4 Association between HER-2/neu ECD in serum (pg/L) and
estrogen receptor (ER) status
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Fig. 5 Distribution of circulating HER-2/neu ECD for tissue ER nega-
tive, PgR negative, HER-2 negative in comparison with ER positive, PgR
positive, HER-2 negative subgroup of patients
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tissue and the tumor size were significant independent prog-
nostic factors in the univariate and multivariate analysis
(Table 2).

Discussion

In our study we analyzed the relationship between HER-2/neu
ECD levels and the 5-year overall survival in breast cancer
patients. We also correlated HER-2/neu ECD with various
clinicopathological factors.

Different studies inquired the role of the serum HER-2
ECD as a plausible determinant of tissue HER-2/neu status.
Many of them found a significant correlation between tissue
HER-2/neu expression and serum HER-2/neu ECD concen-
trations [8]. But, the results depended greatly on cut-off values
that were used [12]. Dresse et al. for example conducted a
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Fig. 7 Kaplan-Meier survival curves according to the serum concentra-
tions of HER-2/neu ECD in breast cancer patients

study that involved 492 patients and found that serum HER-2/
neu ECD values of 30 ng/ml or higher were only observed in
HER-2/neu-positive patients, but the sensitivity, when using
this cut off value, was only 7.7 % [13]. On the other hand,
Leary et al. in their review, listed studies that found no corre-
lation between tissue HER-2/neu expression and serum HER-
2/neu ECD concentrations [14]. We did not find a correlation
between tissue HER-2/neu status and circulating HER-2/neu
ECD, either. The cut-off value in our study, estimated by the
ROC analysis, was 15.86 pg/L, which is almost the same as
the one recommended by FDA. Currently, there are two FDA
approved tests for the detection of serum HER-2/neu, by
which the cut-off is standardized at 15 pg/L. Carney et al.
analyzed a large number of publications that used FDA ap-
proved tests and documented the potential value of serum
HER-2 testing in both HER-2 positive and HER-2 negative
patients [15].

Serum HER-2/neu ECD was also investigated in rela-
tion to age and other tumor characteristics such as

histological grade, hormone receptor status, the lymph
node status and tumor size. In our study, high histological
grade and >2 metastatic axillary lymph node status were
associated with higher serum HER-2/neu ECD values.
These findings are in accordance with the majority of
published studies [16,17]. Surprisingly, we did not find a
connection between tumor size and serum HER-2/neu
ECD levels although it had been previously established
[18-20]. The difference in our study may be due to the
possibility that certain tumor load has to be surpassed to
show effect on results. Up to now, a referent value in tumor
size, which would influence measurements, has not been
established. Other factors that influence HER-2/neu ECD
levels are not completely understood. They include the
activity of matrix metalloproteinases and their inhibitors
and physical factors such as tumor architecture and vascu-
larity [21-23]. We did not find age to have significant
coherence with serum HER-2 EDC levels. These results
are in accordance with those of Ludovini et al. [24].
Studies that analyzed the connection between serum
HER-2/neu ECD values and the hormone receptor status
found significantly higher serum HER-2/neu ECD levels in
estrogen and progesterone receptor negative tumors
[17,24,25]. We also observed a negative correlation be-
tween serum HER-2/neu ECD and estrogen receptor pos-
itivity, but failed to find an association with the progester-
one receptor status. Likewise, Molina et al. found higher
values of serum HER-2/neu ECD only in estrogen receptor
negative tumors, noting that it referred to patients with
tissue overexpression [26]. When we analyzed HER-2/
neu ECD in correlation with coexpression of steroid recep-
tors and HER-2/neu in tissue, we found statistically higher
values of HER-2/neu ECD in the subgroup of patients with
ER and PgR receptor negative, HER-2/neu receptor nega-
tive tumors than in the subgroup of patients with ER
positive, PgR positive, HER-2/neu negative tumors and

Table 2 Univariate and multivariate analysis of histopathological and biological factors for overall survival

Variable Univariate Multivariate
HR 95 % CI P HR 95%CI P

ER 0.9902 0.9800-1.004 0.0607 NI

PgR 1.0410 0.9875-1.015 0.8763 NI

Age 1.0670 0.9847-1.049 03119 NI

TS 1.5488 1.2428-1.930 0.0001 1.5765 1.231-1.9576 0.0002
HG 0.9070 0.9801-1.001 0.0907 NI

LN 0.5359 0.6863-1.215 0.5359 NI

HER-2/neu 1.4343 1.0961-1.942 0.0202 1.4765 1.088-2.0113 0.0140
HER-2/neu ECD 1.0014 0.9689-1.036 0.9362 NI

ER Estrogen receptor, PgR Progesteron receptor, 7S Tumor size, HG Histological grade, LN lymph nodes, HR hazard ratio, C/ confidence interval, N/ not

included
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the subgroup of patients with ER positive, PgR negative,
HER-2/neu negative tumors. According to present knowl-
edge, the tumor is a heterogeneous mass that consists of
different populations of cancer cells, including tumor ini-
tiating cells (also called cancer stem cells). A positive
correlation has been found between HER-2 overexpression
and the number of tumor initiating cells. Additionally,
HER 2 is considered to be a part of signaling pathway that
is activated by cellular adaptive response to chemo and
radiotherapy. This pathway may be activated not only in
the group of HER-2 positive breast cancer but also in the
group without HER-2 amplification [27]. Several studies
showed that various external factors can facilitate the pro-
liferation of tumor initiating cells increasing their popula-
tion in the tumor mass. Lee et al. in their study showed that
HER-2 signaling is functionally important in tumor initi-
ating cells from triple negative breast cancers [28]. These
results speak in favor of assessment of HER-2/neu ECD
both in initially HER-2/neu positive and HER-2/neu neg-
ative patients. In HER-2/neu positive patients HER-2/neu
ECD testing may be useful in monitoring the course of the
disease, and in HER-2/neu negative patients assessment of
HER-2/neu ECD may contribute to the identification of the
subgroup of patients that may benefit from anti HER-2/neu
therapy.

The results in our study, when analyzed with the
Kaplan—Meier estimator, showed that patients with ele-
vated HER-2/neu ECD in the serum had worse 5-year
survival than those with lower concentrations. This indi-
cates that serum HER-2/neu ECD could be used as a
marker of poor prognosis. Other authors also found the
association of HER-2/neu ECD with poor clinical out-
come of breast cancer patients [20,24,29]. It has to be
noted that methodology, follow-up period, cut-off values
and parameters of prognosis vary between studies mak-
ing the comparison difficult. HER-2/neu ECD was inves-
tigated as an independent factor with variable results,
especially regarding the overall survival [20,24]. We
did not find HER-2/neu ECD to be an independent
prognostic factor.

In conclusion, our results support a negative prognostic
role of HER-2/neu ECD in breast cancer patients and the
relationship with the more aggressive phenotype. Additional-
ly, we found significantly higher HER-2/neu ECD levels in
the steroid receptor negative, tissue HER-2/neu negative sub-
group of patients than in the steroid receptor positive or only
estrogen receptor positive, HER-2/neu negative subgroup.
Further studies on a larger number of patients are needed in
order to validate these results.
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